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Abstract
Lubricating oil base stocks (LOBs) are substances used in the manufacture of finished lubricants and greases. They are produced
from residue remaining after atmospheric distillation of crude oil that is subsequently fractionated by vacuum distillation and
additional refining steps. Initial LOB streams that have been produced by vacuum distillation but not further refined may contain
polycyclic aromatic compounds (PACs) and may present carcinogenic hazards. In modern refineries, LOBs are further refined by
multistep processes including solvent extraction and/or hydrogen treatment to reduce the levels of PACs and other undesirable
constituents. Thus, mildly (insufficiently) refined LOBs are potentially more hazardous than more severely (sufficiently) refined
LOBs. This article discusses the evaluation of LOBs using statistical models based on content of PACs; these models indicate that
insufficiently refined LOBs (potentially carcinogenic LOBs) can also produce systemic and developmental effects with repeated
dermal exposure. Experimental data were also obtained in ten 13-week dermal studies in rats, eight 4-week dermal studies in
rabbits, and seven dermal developmental toxicity studies with sufficiently refined LOBs (noncarcinogenic and commonly marketed) in which no observed adverse effect levels for systemic toxicity and developmental toxicity were 1000 to 2000 mg/kg/d
with dermal exposures, typically the highest dose tested. Results in both oral and inhalation developmental toxicity studies were
similar. This absence of toxicologically relevant findings was consistent with lower PAC content of sufficiently refined LOBs. Based
on data on reproductive organs with repeated dosing and parameters in developmental toxicity studies, sufficiently refined LOBs
are likely to have little, if any, effect on reproductive parameters.
Keywords
acute, base stock, dermal, developmental, lubricant, mineral oil, petroleum, rat, subchronic, toxicity

Introduction
Lubricating oil base stocks (LOBs, petroleum mineral oils)
constitute 1 of 13 categories of petroleum substances that were
sponsored by the Petroleum High Production Volume Testing
Group (PHPVTG) in response to the High Production Volume
(HPV) Challenge Program1 of the United States Environmental
Protection Agency (US EPA). These categories encompassed
approximately 400 petroleum substances. This article reports
previously unpublished data on the toxicological hazards of
repeated exposures to LOBs.
Lubricating oil base stocks, derived from petroleum crude
oil, include refinery streams with a range of potential toxicity
depending on the extent of their refining. ‘‘Insufficiently
refined’’ LOBs are intermediate refinery streams that contain
polycyclic aromatic compounds (PACs) at levels that are
known to present carcinogenic hazards. ‘‘Sufficiently refined’’
LOBs have much lower levels of PACs, are not considered
carcinogenic, and are the starting liquid in the formulation of
a wide array of lubricants. Finally, more intensively refined

LOBs (white oils [WOs], also known as ‘‘highly refined’’
LOBs) may also be used in food-contact applications, pharmaceuticals, laxatives, body lotions, baby oils, cosmetics, or direct
food additives.
The initial starting material for manufacture of LOBs is the
residuum from the atmospheric distillation of crude oil. This
complex material has constituents that boil principally above
*650  F (343  C), including the higher boiling aromatic
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Figure 1. Schematic of refining process and mean IP346 values on 2 currently produced vacuum distillates and the refinery streams derived
from them. IP indicates Institute of Petroleum.

constituents that are present in crude oil. The atmospheric residuum is subsequently distilled under vacuum to separate these
constituents further by boiling point into various distillate fractions and a residuum from vacuum distillation. These products
of vacuum distillation are further refined to yield a set of
related substances (base oils, WOs, waxes, aromatic extracts,
and asphalt) that can be considered as related, not separate,
entities.
The LOB fractions obtained directly from vacuum distillation are considered to be insufficiently refined and can contain
a number of undesirable components that can negatively affect
the performance of the LOB and must be removed. The undesirable components include heterocyclic aromatics and PACs.
Polycyclic aromatic compounds are predominantly found in
the distillate streams although, depending on the processing
conditions, they can also be found in the overhead and residual
streams. Most commonly, the PACs are removed by solvent
extraction that selectively extracts compounds with 2 or more
aromatic rings. In essence, PACs are transferred from the insufficiently refined LOBs to an aromatic extract, leaving sufficiently refined LOBs with low levels of PACs. The LOBs
can also receive hydrogen treatment that is primarily used to
reduce sulfur levels and can also reduce the levels of PACs
under the appropriate processing conditions, usually by ring
opening and saturation. Additional processing for finishing
LOBs can also include ‘‘de-waxing’’ to remove long chain
paraffins (waxes). The resulting ‘‘sufficiently refined’’ LOBs
can be used to manufacture commercial products, primarily
lubricants. Figure 1 shows a diagram of common refining steps
and information from the current production of 2 sufficiently

refined LOBs, including the extraction of PACs into a distillate
aromatic extract (DAE).
In certain cases, the sufficiently refined LOBs receive
additional treatment either by more vigorous hydrogenation
or by acid oxidation/extraction to further reduce or eliminate
aromatic constituents to produce WOs (highly refined
LOBs), which meet the regulatory requirements for food contact and/or pharmaceutical applications. The Appendix contains information on the relevance of other groups of LOBs,
namely, whether LOBs are distillate or residual and also
whether the LOBs were derived from paraffinic or naphthenic crude oils.
As with other refinery streams, the definitions of individual
Chemical Abstracts Services (CAS) numbers of LOBs are written in general terms due to the complex and variable nature of
these substances. The definitions typically refer to the final
process step a refinery stream has undergone rather than to
chemical composition. Therefore, the severity of the various
refining steps used to produce a LOB may not be apparent from
the CAS number alone. As a result, knowledge of refining
history or results of at least 1 screening test are commonly used
to assess whether the LOBs have been sufficiently refined
before their use in finished lubricants. Those LOBs that have
not been assessed by testing or do not have well-defined refining histories typically are considered to have been insufficiently refined and are classified accordingly. This approach
has been reviewed elsewhere.2-11 One short-term screening test
involves measurement of the total amount of material extractable in dimethyl sulfoxide (DMSO) using Institute of Petroleum (IP) 34612 as an index of PAC content. Oils with levels
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Table 1. ARC Profile, IP346 Value, and MI for 2 Insufficiently Refined Distillate LOBs (130 SUS and 600 SUS) and Petroleum Streams Derived
From Them.

CAS No

Description

130 SUS
64741-51-1 Heavy paraffinic petroleum distillate
64742-04-7 Distillate aromatic extract
64741-88-4 Solvent-refined heavy
paraffinic distillate
64742-61-6 Slack wax
64742-70-7 Catalytic dewaxed heavy paraffinic
distillate
600 SUS
64741-51-1 Heavy paraffinic petroleum distillate
64742-04-7 Distillate aromatic extract
64741-88-4 Solvent-refined heavy
paraffinic distillate
64742-61-6 Slack wax
64742-65-0 Solvent-dewaxed heavy
paraffinic distillate
Selected related refinery streams
64741-57-7 Heavy vacuum gas oil
64742-04-7 DAE

Total
ARC
wt%a

%
ARC
1b

%
ARC
2b

%
ARC
3b

%
ARC
4b

%
ARC
5b

%
%
ARC ARC IP346,
6b
7b
%

MI

Distillate
4.4
DAE
10.8
Waxy
0.48
raffinate
Wax
0.11c
Dewaxed oil 0.10

0.00
0.00
0.00

0.00
0.00
0.00

1.10
2.81
0.18

2.38
5.72
0.21

0.88
2.05
0.07

0.04
0.11
0.01

0.00 9.47
0.00 19.05
0.00 0.74

5.1
9.3
0.2

0
0.00

0
0.00

0
0.02

0
0.06

0
0.02

0
0.00

0
0.00

0.11
0.13

0.0
0.0

Distillate
DAE
Waxy
Raffinate
Wax
Dewaxed oil

4.2
7.3
0.07

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.04

0.07
0.29
0.01

0.67
1.24
0.00

1.76
3.07
0.01

1.60 7.47
2.70 14.34
0.00 0.32

1.2
2.5
0.0

0.12
0.17

0.00
0.00

0.06
0.01

0.06
0.08

0.00
0.03

0.00
0.01

0.00
0.02

0.00
0.01

0.0
0.0

0.0
0.0

0.1
0.0

2.5
4.1

1.9
8.1

1.2
6.1

0.5
2.0

0.0
0.4

Sample ID

85244
86187

6.2
20.3

0.18
0.38

5.6
26.8

Abbreviations: ARC, aromatic ring class; CAS, Chemical Abstracts Service; DAE, distillate aromatic extract; DMSO, dimethyl sulfoxide; LOBs, lubricating oil base
stocks; PACs, polycyclic aromatic compounds; MI, mutagenicity index; No, number; SUS, Saybolt Universal Seconds; IP, Institute of Petroleum.
a
Percent of DMSO-extractable PACs as determined by Method II.24
b
ARC 1% is the weight percent of PACs that have 1 aromatic ring within the total sample. ARC 2% is the percent of PACs with 2 aromatic rings, and so forth to 7
aromatic rings. Percent of each ring class was determined by Method II.24
c
Examination of mass spectra showed the extract to consist entirely of cycloparaffins.

>3.0 weight% of DMSO-extractable material are considered to
be potentially carcinogenic. In a second short-term assay, the
optimized Ames test, a mutagenicity index (MI) is calculated as
the initial linear slope of the dose–response curve in which dose
is mL of a DMSO extract of the test substance per cultured plate
of bacteria and response is the number of revertant colonies on
the respective plates.2,13 A value of ‘‘1’’ for the MI is commonly used as a cutoff for distillate streams, that is, samples for
which MI 1 are considered potentially carcinogenic.14
Although information was available on many aspects of
health effects with LOBs, data on laboratory studies of subchronic and developmental toxicity were relatively limited.15,16 This
article provides such information, starting with potential effects
of insufficiently refined LOBs. These LOBs were known to be
carcinogenic when applied dermally. In addition, statistical models have been developed to predict the outcome of systemic and
developmental toxicity tests from compositional information of
many refinery streams.17-19 In essence, these models showed that
the potential for systemic and developmental toxicity was associated with the aromatic ring class (ARC) profile of the types and
levels of PACs. Given the known potential toxicity and available
models to estimate that toxicity, additional studies on subchronic
and developmental toxicity were not performed with insufficiently refined LOBs. Instead, the potential for systemic and
developmental toxicity as predicted using these models for
the representative insufficiently refined LOBs in Figure 1 and
Table 1 is presented here. Note that both of the insufficiently

refined LOBs in Table 1 had values of IP346 and ‘‘Total ARC
weight %’’ that were well above 3% and MIs well above 1.0;
thus, those samples can be considered potentially carcinogenic.
(Method II, which was also used to derive the weight percent of
DMSO-extractable material [‘‘Total ARC weight %’’ in Table 1]
is similar to the IP346 method.)
Although the term ‘‘sufficiently refined’’ originated in relation to carcinogenicity, on a practical basis, it can be applied to
both systemic and developmental effects. In other words, it is
hypothesized that exposure to a sufficiently refined LOB would
not result in significant systemic or developmental toxicity.
Inherent in this approach is the premise (primarily based on
Feuston et al20) that PACs in the oil are responsible for both
target organ effects and developmental effects and that the
levels of biologically active PACs are so low in sufficiently
refined LOBs that the hazards of systemic and/or developmental toxicity are minimal. This premise was investigated in several studies reported here on developmental toxicity and
repeated-dose exposures.
These studies were focused primarily on dermal exposures to sufficiently refined LOBs since exposure via the
skin is expected to be the main type of contact that would
occur during normal use of these products. Additional justification for the use of dermal dosing is provided in the
Appendix. A few studies reported here were performed with
oral or inhalation exposure, and those routes are discussed
further.
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In addition, information by which it was possible to assess
the potential for reproductive toxicity of LOBs was derived
from these and additional studies and is discussed here. Finally,
results from acute toxicity tests on LOBs, compiled from company records, are summarized here to complete the profile of
information which is required to fulfill HPV human health
obligations for this category of substances. Data on acute oral
and dermal toxicity of other paraffinic and naphthenic base oils
have been reported previously.15,21 All LOBs in the acute studies discussed herein were sufficiently refined except for American Petroleum Institute (API) 83-12.

Materials and Methods
Acute Toxicity Studies With Oral, Dermal, and Inhalation
Exposures
Oral and dermal toxicity tests were performed on 4 LOBs,
namely, API 83-12, S-141, S-142, and S-150. In the acute oral
tests, rats were observed daily after a single oral gavage. Body
weights were measured periodically and animals were necropsied
at terminal sacrifice. Acute dermal toxicity was evaluated in New
Zealand white rabbits. One dose was given for 24 hours under an
occlusive dressing. Animals were observed daily for 2 weeks with
periodic measurement of body weight and necropsy at terminal
sacrifice. Additional details of the studies are available.22
Acute inhalation studies were conducted on 7 LOBs. For the
first LOB (API 83-12), groups of rats (5/sex) were exposed for 4
hours to aerosolized LOB at concentrations of 1.0, 1.5, 2.4, 3.5,
or 5.0 mg/L. Clinical observations were made daily during the
following 2 weeks, and body weights were recorded weekly.
Surviving animals were necropsied on day 14. This initial study
was followed by studies of 3 LOBs (87-099, 87-101, and 87102) in which groups of Sprague-Dawley rats (5/sex) were
exposed for 4 hours for each aerosolized sample. Shamexposed controls were provided. End points included daily clinical observation, weekly body weights, and necropsy at terminal
sacrifice. Finally, studies were conducted for 3 sufficiently
refined LOBs (S-141, S-142, and S-461) in which groups of
Sprague-Dawley rats (10/sex) were exposed for 4 hours to 3
aerosol concentrations of each LOB. Half of each group (5/sex)
was sacrificed on the day after exposure; the remaining half was
observed for 2 weeks before sacrifice. End points included daily
clinical observations, periodic body weights, necropsy, weights
of liver, kidney, and lung (wet and dry), and histopathology of
nose, lung, liver, kidney, and thoracic lymph nodes.

Modeled Predictions for Subchronic and Developmental
Toxicity Studies With Dermal Exposures to Insufficiently
Refined LOBs
Polycyclic aromatic compounds in the DMSO extracts of 2
insufficiently refined LOBs and their related petroleum streams
were assessed by Mobil method II as described in more detail
subsequently. Both starting samples were heavy paraffinic
petroleum distillates from current production; the viscosity of

1 sample was 130 Saybolt Universal Seconds (SUS) and the
other was 600 SUS. Additional samples of petroleum streams
were taken at each stage of subsequent refining as the insufficiently refined LOBs were solvent extracted to remove aromatic constituents, and the resulting waxy raffinate (a
solvent-refined heavy paraffinic distillate) was treated to
remove long-chain paraffinic constituents to yield a final
dewaxed LOB (Figure 1).
Detailed descriptions of the Mobil method II can be found
elsewhere.4,23,24 Briefly, each sample was initially extracted
with DMSO, further purified, and analyzed by gas chromatography/mass spectrometry (GC/MS). The GC/MS chromatograms of the extracts were integrated in the slice mode. Data
were reported by ring number of the PACs (1-ring, 2-ring, etc)
and given as fractions of the starting material.
The resulting ARC profiles were then used in statistical
models to predict the dose associated with a 10% difference
from controls in characteristic target organ effects associated
with repeated exposure to a range of PAC-containing refinery
streams, namely, increased liver weights, decreased thymus
weights, decreased platelet counts, and decreased hemoglobin
(Hb) concentration. The models were also used to predict 10%
differences in developmental parameters, including reductions
in fetal body weight, reductions in percent offspring live-born,
and increased percentage of resorptions. The predictions were
based on a series of statistically developed empirical models
described elsewhere,17 and the end points were identified in an
extensive analysis of data from several studies on petroleum
streams as the most sensitive end points.18,19 The predicted
dose was identified as the predicted dose–response at 10%
(PDR10). The lowest PDR10 in each study for each sample was
identified as the ‘‘sample PDR10’’ for that study.

Subchronic Studies With Dermal Exposures to
Sufficiently Refined LOBs
Subchronic (13 weeks) dermal studies in Sprague-Dawley rats
were performed over several years on 10 sufficiently refined
LOBs. Descriptions of these LOBs are given in Table 2. The
designs of these studies were essentially similar although
there were differences as described subsequently. The LOBs
were applied to the clipped backs of the rats, treated sites were
left uncovered, and animals wore Elizabethan collars to minimize ingestion of the LOBs. Each study included a shamtreated control group. Dosing was done 5 days/week. Clinical
signs were evaluated daily and body weight was measured
weekly. Evaluated end points included clinical chemistry
(*18 parameters), hematology (white blood cell [WBC] number, WBC differentials, hematocrit (Hct), Hb, red blood cell
[RBC] number, and associated parameters), and organ weights
(adrenals, gonads, heart, kidneys, liver, spleen, and thymus).
Statistical analyses included analysis of variance (ANOVA),
Dunnett or Duncan test, and chi-square test for all studies
except those with WOLCCD and WOULSDF in which Student t
test was used. A summary of other differences in the conduct of
these studies in rats is given in Table 3.
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Table 2. Information on Samples of LOBs Used in Subchronic Dermal Toxicity Tests.
CAS No.
Samples tested in rats
SDHPD
WOLCCD and WOULSDF
S-141
S-300
S-335
S-345
S-142
S-150
S-461
Samples tested in rabbits
87-099
87-100
87-101
87-102
87-103
API 83-12
API 83-15
API 84-01

Approx viscosity
(cSt at 40 C)

Description

64742-65-0
8042-47-5
64742-65-0
64742-65-0
64742-65-0
72623-83-7

Solvent-dewaxed heavy paraffinic distillate
White oil, USP
Solvent-dewaxed heavy paraffinic distillate
Solvent-dewaxed heavy paraffinic distillate
Solvent-dewaxed heavy paraffinic distillate
Lubricating oils (petroleum) C25, hydrotreated
bright stock based
64742-70-7 Catalytic dewaxed heavy paraffin oil
64742-54-7 Hydrotreated heavy paraffinic distillate
8042-47-5 White oil
64742-56-9
64742-65-0
64742-65-0
64741-88-4
64742-62-7
64742-53-6
64742-52-5
64741-50-0

Solvent-dewaxed light paraffinic distillates
Solvent-dewaxed heavy paraffinic distillates
Solvent-dewaxed heavy paraffinic distillates
Solvent-refined heavy paraffinic distillates
Petroleum, solvent-dewaxed residual oils
Hydrotreated light naphthenic distillate
Hydrotreated heavy naphthenic distillate
Light paraffinic distillate

General type of LOB

108
32
22
63
138
550

Distillate
White oil
Distillate
Distillate
Distillate
Residual

21
34
16

Distillate
Distillate
White oil

8.44
880
14.07

Distillate
Distillate
Distillate
Distillate
Residual
Distillate
Distillate
Distillate, insufficiently refined

Abbreviations: API, American Petroleum Institute; LOB, lubricating oil base stock; CAS, Chemical Abstracts Service; SDHPD, solvent dewaxed heavy paraffinic
distillate; LCCD, light catalytic cracked distillate; No, number; WO, white oil; ULSDF, ultra-low sulfur diesel fuel.

The most recent of these studies was performed with a solvent dewaxed heavy paraffinic distillate (SDHPD, CAS No
64742-65-0) that had been refined by solvent extraction to
remove the PAC constituents. No DMSO-extractable material
was found in the analysis of this sample by Method II. The
study was conducted in accordance with the Office of Chemical Safety and Pollution Prevention (OCSPP) Guideline
870.3250 and Organization for Economic Cooperation and
Development (OECD) Guideline 411. Solvent dewaxed heavy
paraffinic distillate was applied undiluted at a dose of
1.14 mL/kg (1000 mg/kg spread over *10% of body surface).
The application areas were gently washed on Fridays after a
6-hour exposure. The washing was done with a mild soap solution to remove any residual test material, followed by a rinse
with deionized water and drying. Starting on study day 35 and
occurring on each dosing day thereafter, each animal was
wiped gently with a dry paper towel to remove residual test
substance after a 6-hour exposure period. The treated skin was
scored following the method of Draize.25
Two additional studies in rats were not designed specifically
to address the toxicity of LOBs but did yield useful data. These
13-week studies were conducted on light catalytic cracked distillates (LCCDs) and ultra-low sulfur diesel fuel (ULSDF).
Although these test substances were not LOBs, each test substance was diluted in a LOB (WO) for the purpose of reducing
dermal irritation that might confound the assessment of systemic toxicity. Both a vehicle control group (receiving only
WO at 1300 mg/kg/d) and a sham-dosed control group (no
WO) were included in each study. Vehicle controls were compared to the sham-dosed controls. The results represent 2

identical studies in which groups dosed dermally with the same
WO were compared to respective sham-dosed controls. The
studies were conducted in accordance with OCSPP Guideline
870.3250 and OECD Guidelines 411 and 474. The same sample of US Pharmacopoeia WO was used as the vehicle in both
the studies (CAS No 8042-47-5). No DMSO-extractable material was seen in this sample by analysis with Method II. Both
sham-dosed and vehicle control groups were subjected to the
same procedures except that no WO was applied to the sham
controls. Further details on the conduct of the studies are given
in Table 3. For clarity, the data for the WO in each study are
shown using the name of the respective test substance in that
study, that is WOLCCD and WOULSDF.
Seven other 13-week studies were performed in rats over
several years. Each of these LOBs was considered to be sufficiently refined based on process history or appropriate testing
(eg, optimized Ames or skin-painting tests). Performed earlier
than the study on SDHPD, these studies were essentially comparable to the one on SDHPD but did not include all of the
same specific end points, particularly in regard to histopathological examination of organs. Further details are given in
Table 3.
In addition to the studies performed with rats, 5 LOBs (samples 87-099 through 87-103 in Table 2) were tested via dermal
application in groups of 10 New Zealand white rabbits (5/sex)
at doses of 0 (sham-dosed controls) and 1000 mg/kg/d on
5 days/week for 4 weeks. Finally, 4-week studies were performed using New Zealand White rabbits with 3 LOBs (API
83-12, 83-15, and 84-01 in Table 2). In each study, groups of
animals (5/sex) were treated dermally 3 times per week with
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Table 3. Summary of Dosing Procedures and Selected Measured End Points in 13-Week Dermal Studies in Sprague-Dawley rats.a
S-141, S-300,
S-335, S-345,
and S-142b
General parameters
Vehicle for sham controls
No of rats per sex in each group
Doses, mg/kg/d
Tool for application of the LOB
Treated skin wiped on weekends
Treated skin wiped Monday to Thursday and washed Friday
Collars removed on Saturday and Sunday
End points in biophase
Food consumption, weekly
Scoring skin irritation at treated site
End points at termination
Urine: albumin, bilirubin, glucose, ketone bodies, occult blood, pH, specific
gravity, and urobilinogen
Weight of brain, epididymides, prostate, thyroid, and uterus
Weight of lungs
Histopathology: colon, duodenum, gonads, kidneys, liver, lungs, spleen,
treated skin, untreated skin, and gross lesions
Histopathology: adrenals, thymus, and thyroid
Histopathology: stomach
Histopathology: bone and marrow, brain, eyes, optic nerve, pancreas,
and urinary bladder
Histopathology: aorta, bone marrow smear, cecum, cervix, epididymides,
esophagus, femur with joint, heart, ileum, jejunum, lacrimal gland, lymph
nodes, pituitary, prostate, rectum, salivary glands, sciatic nerve, seminal
vesicles, skeletal muscle, spinal cord, sternum, trachea, uterus, and vagina
Sperm morphology

Water
10
0, 2000
Needle and
syringe
Y

S-150

S-461c

None
None
None
15
10
10
0, 800, 2000 0, 125, 500, 2000
0, 1000
Syringe
Syringe
Microspatula
Y
Y
Y

Y

Y

Weekly

Weekly

Y
Weekly

Y

Y

Y

Y

Ye

Y
Y
Y
Y

SDHPD,
WOLCCD, and
WOULSDFd

Y
Daily

Yf

Y

Y

Y

Y
Y
Y

Y

Y

Y

Abbreviations: SDHPD, solvent dewaxed heavy paraffinic distillate; LCCD, light catalytic cracked distillate; No, number; WO, white oil; ULSDF, ultra-low sulfur
diesel fuel; LOB, lubricating oil base stock.
a
Y indicates that the end points in the first column were evaluated in these studies.
b
Study designs were essentially identical except that S-142 had doses of 0 and 1720 mg/kg rather than 0 and 2000 mg/kg.
c
This study had an additional control group that was untreated. Histopathology was not performed with S-461 because the testing laboratory was closed before
that phase was done.
d
Study designs were essentially identical except that doses were 0 and 1000 mg/kg for SDHPD and 0 and 1300 mg/kg for WOLCCD and WOULSDF. Platelet count
was measured with S-461, WOLCCD, and WOULSDF and a few other minor differences were noted.
e
Seminal vesicles were also weighed.
f
Pituitary was also weighed.

doses of 0, 200, 1000, or 2000 mg/kg. Additional details on
these studies are provided in the Appendix.

Developmental Toxicity Studies With Dermal Exposures
to Sufficiently Refined LOBs
A developmental toxicity study using Sprague-Dawley rats was
conducted with SDHPD in accordance with OCSPP 870.3700
and OECD Guideline 414. Groups of 25 pregnant females were
dosed with 0 (sham-treated controls) or 1000 mg/kg/d daily
from gestational day (GD) 0 through 19. As with the subchronic studies, all animals wore Elizabethan collars. Among the
end points evaluated at necropsy of the dams on GD 20, adrenals and thymus glands were weighed. The uteri and ovaries
from all dams were excised and weighed, the number of both
corpora lutea and implantation sites was recorded, and the

uterine contents examined. Uteri with no apparent evidence
of implantation were opened and placed in 10% ammonium
sulfide solution for detection of early implantation loss.26 Each
viable fetus was examined externally, individually sexed, and
euthanized. The crown-rump length was determined for each
fetus. The internal examinations of the viable fetuses followed
the methods of Stuckhardt and Poppe27 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 examined and graded for renal papillae development.28 Heads from approximately one-half of the fetuses in
each litter were placed in Bouin fixative for subsequent softtissue examination by the Wilson sectioning technique.29 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
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macerated in potassium hydroxide and stained with Alizarin
Red S and Alcian Blue.30 Fetuses were then examined for
skeletal malformations and developmental variations. External,
visceral, and skeletal findings were recorded as either malformations or variations. Statistical analyses included ANOVA,
Dunnett test, 2-sample t test, or Kruskal-Wallis nonparametric
ANOVA, as appropriate.
As with the subchronic dermal studies, 2 developmental
toxicity studies were performed on LCCD and ULSDF. Again
these test substances were diluted with the same WO to reduce
dermal irritation, and both a vehicle control group (receiving
only WO at 1300 mg/kg/d) and a sham-dosed control group (no
WO) were included in each study. The sample of WO was the
same as that used in the related subchronic studies. The methods of dosing, necropsy, fetal evaluations, and statistical analyses were the same as with SDHPD with the addition of
maternal liver weight. The results represent 2 identical developmental toxicity studies with female Sprague-Dawley rats
dosed dermally with the same WO and compared to the respective sham-dosed controls.
Similar developmental toxicity studies on a sufficiently
refined LOB (S-141) and a white mineral oil (S-461) were also
performed. Although generally comparable to the study on
SDHPD, doses in the study on S-461 were 0 and 2000 mg/
kg/d on GD 6 through 19, group size was 20 females, and
gravid uterine weight was not measured. Clinical chemistry
was assessed in dams at necropsy (*21 parameters). The
methods used for evaluation of fetuses also differed. Half of
the fetuses were preserved in Bouin fixative and examined for
alterations in soft tissues by use of a modified Wilson technique. The other half of the fetuses were stained, cleared, and
examined for skeletal changes. The study design with S-141
was the same as that for S-461 except that dosing was on GD 0
through 19, group size was 15 dams, and gravid uterine weight
was measured. This study also had additional groups of 10
females that received 125 or 500 mg/kg/d. Statistical analyses
included ANOVA and Fisher exact test or Dunnett test, as
appropriate.

Developmental Toxicity Study With Inhalation or Oral
Exposures to Sufficiently Refined LOBs
A white mineral oil (S-461) was tested by inhalation in a developmental toxicity study. A group of 20 pregnant female rats
was exposed by inhalation to 1000 mg/m3 for 6 hours/d. Animals were housed individually and exposed whole body. The
aerosol was generated with a Laskin nebulizer; large particles
were removed before the aerosol entered the 400-liter inhalation chamber. The aerosol concentration was monitored gravimetrically and particle size was measured by cascade
impaction. End points were the same as in the dermal developmental toxicity study with S-461. A sham-exposed group of
20 females was included.
In an oral study with a similar design, S-461 was also tested .
The LOB was administered orally to a group of 21 pregnant
female rats at a dose of 5000 mg/kg/d on GD 6-19. Animals

were dosed using a 3 cm3 syringe fitted with a 16-gauge stainless steel gavage needle. End points were the same as in the
dermal developmental toxicity study with S-461 and a shamdosed group of 20 females was included.

Reproductive Toxicity With Dermal Exposures to
Sufficiently Refined LOBs
No 2-generation reproductive toxicity studies were identified
for LOBs. However, for purposes of the HPV Program, guidance from the US EPA indicates that the requirements to
assess the potential for reproductive toxicity can be satisfied
by data from (1) a developmental toxicity study and (2) a
90-day repeated-dose study in which the potential for effects
on reproductive organs was assessed.31 A summary of the relevant data from the present studies is given in the Results section.
In addition, a reproductive study was conducted with a white
mineral oil (S-461) using a study design similar to OECD
Guideline 415 (One-Generation Reproduction Toxicity Study).
Differences from the guidelines included the use of 2000 mg/kg
rather than the limit dose of 1000 mg/kg and administration of
doses 5 times per week during much of the study rather than
7 times per week. Dermal doses applied to groups of SpragueDawley rats (20/sex) were 0 (untreated controls), 0 (shamexposed controls), 125, 500, and 2000 mg/kg/d. The test
substance was applied to the shaved backs of both males and
females, and the sites were left uncovered. Elizabethan collars
were used. Dosing began approximately 10 weeks before mating and continued during mating. Dosing of females was daily
during gestation and then 5 days/week during a 3-week postpartum period. Dams were sacrificed on day 21 of lactation.
Dosing of males was 5 days/week throughout, but half of the
males were sacrificed after mating while the remainder was
sacrificed within 2 weeks of the last sacrifice of pups (ie, during
postpartum weeks 5 and 6).
Maternal body weights were measured weekly during premating and at intervals during gestation and lactation. Maternal
food consumption was measured at intervals during premating
and gestation. Females that did not deliver were sacrificed on
GD 25 and necropsied. Females that delivered were sacrificed
on postpartum day 21 and necropsied. At necropsy, ovaries and
uteri were examined grossly, weighed, and preserved. The
number of implantations and any remarkable findings were
recorded. In addition, the estrus cycle was followed 5 days/
week in 5 females in the untreated controls, sham-exposed
controls, and rats dosed with 2000 mg/kg for 2 weeks prior
to mating and during mating until breeding activity began. All
offspring were observed individually during the postpartum
period until sacrifice for body weight, behavior, and appearance. All viable neonates were examined as early as possible
for sex and external anomalies. Litters of sufficient size were
culled to 8 pups on postpartum day 4 (4/sex if possible). The
number of open eyelids for each pup was recorded on postpartum day 10 and continued until both eyelids were open. All
pups were tested for surface righting reflex on postpartum day
14. Pups were weaned on postpartum days 21 and then
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Table 4. Summary of Data on Acute Toxicity of LOBs in Mammals.
Sample

CAS Number

API 83-12

64742-53-6

87-099
87-101
87-102
S-141
S-142
S-150
S-461

64742-56-9
64742-65-0
64741-88-4
64742-65-0
64742-70-7
64742-54-7
8042-47-5

CAS Name
Hydrotreated light naphthenic distillate
(insufficiently refined)
Solvent-dewaxed light paraffinic distillate
Solvent-dewaxed heavy paraffinic distillate
Solvent-refined heavy paraffinic distillate
Solvent-dewaxed heavy paraffinic distillate
Catalytic dewaxed heavy paraffin oils
Hydrotreated heavy paraffinic distillate
White mineral oil

Oral LD50,
mg/kg
>5000a

>15 000a
>15 000a
>15 000a

Dermal LD50, InhalationLC50,
mg/kg
mg/L
>2000b

>5000b
>5000b
>5000b

2.18c

MMAD/GSD at
high dose
1.7-2.5 mm/*1.6

>5.4
>4.03
>5.53
>2.46
>2.40

4.4 mm/3.5
4.3 mm/2.2
2.7 mm/2.9
1.6 mm/2.3
1.7 mm/2.4

>2.46

2.2 mm/2.2

Abbreviations: API, American Petroleum Institute; CAS, Chemical Abstracts Service; LD50, median lethal dose; LOB, lubricating oil base stock; MMAD, mass
median aerodynamic diameter; GSD, geometric standard deviation.
a
No significant effects were noted in clinical observation, body weight, or observations at sacrifice.
b
No evidence of systemic toxicity was observed, although local dermal irritation was seen with some samples.
c
See text for details related to this lower LC50.

sacrificed and necropsied with gross observations on postpartum day 28. Data from the gestation and postpartum phases
were analyzed with ANOVA followed by group comparisons
using Fisher exact test or Dunnett test.

Results
Acute Toxicity Studies With Oral, Dermal, and Inhalation
Exposures
Results of the acute toxicity studies are summarized in Table 4.
Minimal systemic effects were seen in most of the oral and
dermal studies. In the acute inhalation studies, no significant
treatment-related toxicity was seen with S-141, S-150, or S-461.
Therefore, the lethal concentration 50 (LC50) values are shown
as greater than the highest concentration that was tested for
each sample. No significant effects were seen in clinical signs,
body weight, or observations at necropsy with acute inhalation
exposures to 87-101 or 87-102. With 87-099, reddened skin
after exposure, loss of body weight between days 0 and 7 with
gain in body weight from days 7 to 14, and discolored lungs in a
few animals at necropsy were seen. This sample also has the
largest mass median aerodynamic diameter (MMAD) and the
widest range of aerosol size (geometric standard deviation,
GSD), possibly resulting in greater deposition of the aerosol
on the fur.
The LC50 in the acute inhalation study with API 83-12 was
low (2.18 mg/L) when compared to the other LOB samples
tested. The MMAD of the aerosolized LOB ranged from 1.7
to 2.5 mm among the 5 groups; the GSDs were *1.6. Body
weight differences did not show a consistent dose-related pattern. Dose-related decreased activity, wet inguinal area, eyes
partially closed, wet coat, loose stool, and oily coat were seen
during exposure. Similar signs, poor condition, respiratory distress, and some deaths occurred during the first week after
exposure. Most survivors appeared normal by the second week.
Dark red lungs were described for some animals at necropsy;
the incidence ranged from 2 of 10 animals at 1.0 mg/L to 10 of

10 animals at 3.5 mg/L. Histologically, affected animals exhibited diffuse pulmonary congestion and perivascular edema that
were mostly moderate or marked in degree. Less consistently
spotty alveolar edema was also seen. There was widespread
damage to alveolar walls resulting in fibronecrotic debris
resembling hyaline membranes in more marked cases and
extravasation of RBCs and polymorphonuclear leukocytes.
Necrosis and inflammation were seen in the walls of small
blood vessels and there was spotty epithelial necrosis in small
bronchioles, but the most severe damage seemed to be centroacinar. The larger airways were relatively unaffected. None of
the surviving animals exhibited these acute changes. However,
most of the surviving animals exposed to 2.4 or 1.0 mg/L and
above exhibited chronic inflammatory changes that were not
seen in the controls and only occasionally in animals exposed at
the 1.5 mg/L level, and then to a lesser degree of severity.

Modeled Predictions for Subchronic and Developmental
Toxicity Studies With Dermal Exposures to Insufficiently
Refined LOBs
The goal of obtaining MI, IP346, and analyses of PACs for the
2 insufficiently refined LOBs and their subsequent refining
streams (Figure 1) was to demonstrate the removal of PACs
during refining and the concomitant reduction in toxicity as the
final sufficiently refined LOBs were prepared. These samples
were identified by the viscosity of starting insufficiently
refined LOB (130 and 600 SUS). Reductions in MI and
IP346 are apparent as shown in Table 1. In addition, means
of the 2 IP346 values are shown at each refining step in Figure
1. Since solvent extraction of the raw distillate removes many
of the aromatic constituents and concentrates them in a DAE,
the IP346 values increase in the DAE compared to the initial
distillate. The oils that remain after removal of the aromatics
(the raffinates) are sufficiently refined based on IP346 and MI,
and both the waxes and the dewaxed oils derived from the
raffinates are sufficiently refined (Table 1 and Figure 1). These
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Table 5. Repeated-Dose PDR10s (mg/kg/d) Predicted for Dermal Dosing With 2 Insufficiently Refined LOBs and Petroleum Streams Derived
From Them.

Sample ID
130
130
130
600
600
600

Relative liver Absolute thymus Platelet count,
weight, PDR10
PDR10
weight, PDR10

Hemoglobin
concentration,
PDR10

Male

Male

Female

SUS distillate
378
383
SUS DAE
107
108
SUS raffinate, wax and dewaxed oil >2000 >2000
SUS distillate
229
232
SUS DAE
133
135
SUS raffinate, wax, and dewaxed oil >2000 >2000

Male

Female

91
31
>2000
78
46
>2000

201
69
>2000
172
100
>2000

Male

Female

1552 1556 >2000
270
271
493
>2000 >2000 >2000
77
78
210
45
45
121
>2000 >2000 >2000

Female Sample PDR10, lowest value
>2000
507
>2000
216
125
>2000

91 (thymus weight)
31 (thymus weight)
>2000
77 (platelet count)
45 (platelet count)
>2000

Abbreviations: DAE, distillate aromatic extract; LOB, lubricating oil base stock; PDR10, dose–response at 10%; SUS, Saybolt Universal Seconds.

Table 6. Developmental PDR10s (mg/kg/d) Predicted for Dermal Dosing With 2 Insufficiently Refined LOBs and Petroleum Streams Derived
From Them.
Sample ID
130 SUS distillate
130 SUS DAE
130 SUS raffinate, wax, and
dewaxed oil
600 SUS distillate
600 SUS DAE
600 SUS raffinate, wax, and
dewaxed oil

Fetal body weight,
PDR10

Live fetuses per litter,
PDR10

Percent resorptions,
PDR10

Sample PDR10,
lowest value

550
200
>2000

>2000
180
>2000

783
159
>2000

550 (fetal weight)
159 (percent resorptions)
>2000

221
129
>2000

30
18
>2000

61
35
>2000

30 (live fetuses/litter)
18 (live fetuses/litter)
>2000

Abbreviations: DAE, distillate aromatic extract; LOB, lubricating oil base stock; PDR10, dose–response at 10%; SUS, Saybolt Universal Seconds.

data provide a useful illustration of the efficacy of modern
refining practices in the production of LOBs.
As stated previously, further testing of the systemic or
developmental toxicity of insufficiently refined LOBs was not
considered appropriate since they are already known to be
carcinogenic and are used only under controlled conditions.
Instead of testing, the potential for systemic and developmental
toxicity was predicted using the data from the PAC profiles
shown in Table 1. The PDR10s for each sensitive end point with
subchronic dermal exposures were calculated and are shown in
Table 5. The sample PDR10 values for the insufficiently refined
LOBs were 91 and 77 mg/kg/d for the 130 and 600 SUS samples, respectively. As expected, the corresponding DAEs had
lower PDR10s (31 and 45 mg/kg/d). After the PACs had been
extracted into the DAEs, no toxicity was predicted for the
raffinates, waxes, and final dewaxed LOBs; all PDR10s were
>2000 mg/kg/d. The PDR10 values calculated for developmental effects are shown in Table 6. Sample PDR10 values were
550 and 30 mg/kg/d for the initial 130 and 600 SUS distillates,
respectively. The corresponding DAEs again had lower sample
PDR10 values (159 and 18 mg/kg/d) and all subsequent, sufficiently refined samples had PDR10 values >2000 mg/kg/d. In
summary, the results of the modeling exercise indicate that
repeated dermal exposure to insufficiently refined LOBs can
result in target organ and developmental effects, while

sufficiently refined LOBs are not expected to have significant
effects on these end points.

Subchronic Studies With Dermal Exposures to
Sufficiently Refined LOBs
In the study on SDHPD, no test substance-related clinical or
dermal observations were noted. Treated males exhibited significantly lower final body weights than those of controls
(Table 7), but weights among females were unaffected. No
notable findings were seen in the gross examinations at
necropsy, but treated males had statistically significantly lower
absolute weights of liver and spleen (Table 7). These lower
organ weights may have been related to lower terminal body
weights as neither difference was significant when organ
weight was expressed as a percentage of body weight. In
females, both absolute and relative liver weights were significantly higher in treated animals. Histopathology revealed
minimal epithelial hyperplasia in treated skin, but no
treatment-related systemic findings were noted.
Statistically significant findings in the hematology and clinical chemistry evaluations were noted in treated males, namely,
higher alkaline phosphatase and activated partial thromboplastin
time and lower WBC count, platelet count, and absolute monocyte count. Data are not shown because, although these
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Table 7. Final Body Weight and Other Selected End Points (Mean + SD) in 13-Week Dermal Studies in Rats With Sufficiently Refined LOBs.
Males
Sample and end point
SDHPD
Body weight, g
Liver weight, g
Liver weight/BW, %
Spleen weight, g
Spleen weight/BW, %
Cholesterol, mg/dL
Phosphorus, mg/dL
S-141
Body weight, g
Liver weight, g
Liver weight/BW, %
S-300
Body weight, g
Liver weight, g
Liver weight/BW, %
S-335
Body weight, g
Liver weight, g
Liver weight/BW, %
S-345
Body weight, g
Liver weight, g
Liver weight/BW, %
Kidney weight, g
Kidney weight/BW, %
S-142
Body weight, g
Liver weight, g
Liver weight/BW, %
Adrenal weight, g
Adrenal weight/BW, %
Hemoglobin, g/dL

Females

Sham-exposed controls
506
14.35
2.84
0.84
0.16
57
9.2

+ 34
+ 1.15
+ 0.23
+ 0.06
+ 0.01
+ 14
+ 0.9

High dose
442
12.99
2.94
0.73
0.17
38
10.4

+ 39a
+ 1.27b
+ 0.08
+ 0.09b
+ 0.02
+ 7a
+ 1.4b

Sham-exposed controls
293
8.59
2.93
0.58
0.20
60
9.2

+ 27
+ 1.07
+ 0.22
+ 0.08
+ 0.03
+ 14
+ 1.5

High dose
293
9.62
3.29
0.63
0.22
54
9.6

+ 22
+ 0.98b
+ 0.28a
+ 0.08
+ 0.03
+ 12
+ 1.1

366 + 28
12.46 + 1.48
3.41 + 0.29

372 + 34
14.78 + 2.04b
3.98 + 0.47b

252 + 27
8.12 + 1.01
3.23 + 0.29

239 + 24
8.77 + 0.78
3.68 + 0.17b

366 þ 28
12.46 + 1.48
3.41 + 0.29

359 + 31
13.15 + 1.90
3.67 + 0.47

252 + 27
8.12 + 1.01
3.23 + 0.29

247 + 16
8.91 + 0.84
3.61 + 0.32b

379 + 35
11.23 + 1.66
2.96 + 0.23

378 + 36
11.40 + 1.51
3.01 + 0.20

252 + 18
6.99 + 0.72
2.77 + 0.16

250 + 18
7.49 + 0.52
3.00 + 0.16b

379
11.23
2.96
3.06
0.81

+ 35
+ 1.66
+ 0.23
+ 0.18
+ 0.05

353
10.58
2.99
3.13
0.89

+ 34
+ 1.62
+ 0.23
+ 0.27
+ 0.06b

252
6.99
2.77
1.84
0.73

+ 18
+ 0.72
+ 0.16
+ 0.19
+ 0.06

243
7.52
3.08
1.91
0.78

+ 19
+ 1.21
+ 0.34b
+ 0.27
+ 0.05

443
12.61
2.84
0.050
0.011
16.2

+ 39
+ 1.83
+ 0.21
+ 0.007
+ 0.002
+ 0.5

392
13.14
3.35
0.055
0.014
15.4

+ 24b
+ 1.30
+ 0.25b
+ 0.013
+ 0.003
+ 1.0b

234
6.52
2.80
0.057
0.025
15.9

+ 12
+ 0.60
+ 0.28
+ 0.006
+ 0.003
+ 0.4

233
7.91
3.40
0.071
0.031
15.8

+ 12
+ 0.43b
+ 0.18b
+ 0.009b
+ 0.005b
+ 0.5

Abbreviations: BW, body weight; LOB, lubricating oil base stock; SD, standard deviation; SDHPD, solvent dewaxed heavy paraffinic distillate.
a
Statistically significantly different from controls, P < 0.01.
b
Statistically significantly different from controls, P < .05.

differences were statistically significant, they were small and
within the range of historical controls. Accordingly, none of
these was considered to have been toxicologically important.
A test substance-related lower mean cholesterol value was noted
in treated males when compared to controls (33.3% lower), with
a smaller, nonsignificant reduction present in females (10.0%
lower; Table 7). Although this finding in males was outside the
range of historical controls, it was considered to have been toxicologically irrelevant due to the direction and small magnitude
of change in both sexes. A higher mean serum phosphorus value
was noted in treated males. Although the mean value was 13%
higher than the mean for controls and was outside the range of
historical controls, a similar difference was not observed in the
females. Therefore, it may have been secondary to the effect on
body weight in males. Overall, both the no observed adverse
effect level (NOAEL) and lowest observed effect level (LOEL)
were judged to be 1000 mg/kg/d based primarily on differences
in body weight and organ weights.

With the 2 parallel studies on WO (WO LCCD and
WOULSDF), no differences between the sham-dosed and the
vehicle controls were seen in clinical signs, body weights, or
changes in body weight. In both studies, food consumption was
periodically higher in females in the vehicle controls than that
in sham controls. Sporadic statistically significant differences
were noted among the end points for hematology, clinical
chemistry, and organ weights, particularly with WOLCCD
(Table 8). These differences were not consistent except for the
higher number of circulating neutrophils in both sexes receiving WO and a tendency for higher relative liver weight in
females that received the WO. No differences were seen histologically between the sham and vehicle controls. Overall, no
toxicologically significant effects were observed with the WO.
In the study with S-141, liver weight was higher in treated
males, and relative liver weight was higher in both sexes of
treated animals (Table 7), but no histological effects were
observed in the liver. Albumin was slightly higher (6%) in
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Table 8. Selected End Points (Mean + SD) for Sham and Vehicle (White oil) Control Groups in 13-Week Dermal Studies With LCCD and
ULSDF.
LCCD

ULSDF

Males
Sham
Hematology
10.30 +
WBC, 103/mL
1.80 +
Neutrophils,
103/mL
0.24 +
Monocytes,
103/mL
0.08 +
LUWBC,
103/mL
Clinical chemistry
Albumin, g/dL
3.9 +
Globulin, g/dL
2.5 +
AST, U/L
103 +
Potassium,
5.00 +
mEq/L
Organ weights and BW
BW, g
484 +
Adrenal
0.065 +
weight, g
Adrenal
0.013 +
weight/BW, %
Kidney
3.20 +
weight, g
Kidney
0.665 +
weight/BW, %
Liver weight, g
12.64 +
Liver/BW, %
2.603 +

Females

Males

Females

Vehicle

Sham

Vehicle

Sham

Vehicle

Sham

Vehicle

1.42
0.64

13.25 + 3.08a
2.85 + 0.68a

8.24 + 2.19
0.96 + 0.22

9.72 + 1.96
1.45 + 0.44a

9.11 + 2.13
1.41 + 0.66

10.46 + 1.88
2.80 + 0.76a

8.19 + 2.22
1.31 + 0.50

7.79 + 1.60
1.50 + 0.42

0.08

0.30 + 0.12a

0.16 + 0.05

0.26 + 0.08a

0.21 + 0.05

0.26 + 0.09

0.18 + 0.10

0.18 + 0.08

a

0.08 + 0.04

0.09 + 0.05

0.08 + 0.03

0.06 + 0.04

3.9 +
2.3 +
99 +
6.04 +

3.8 +
2.8 +
114 +
5.41 +

5.0 +
2.6 +
221 +
5.26 +

4.6 +
2.7 +
104 +
5.54 +

0.05

0.13 + 0.10

0.05 + 0.02

0.09 + 0.06

0.1
0.3
12
0.54

3.8 +
2.8 +
122 +
5.57 +

5.0 +
2.3 +
150 +
5.70 +

4.5 + 0.3a
2.5 + 0.3
129 + 74
5.21 + 1.36

0.2
0.3a
30
0.62a

0.4
0.2
96
1.12

0.4
0.3
9
1.78

0.3
0.4a
21a
1.77

0.5
0.3
270
1.04

0.4
0.3
23
1.21

55
468 + 40
0.012 0.064 + 0.009

285 + 27
274 + 15
0.075 + 0.011 0.082 + 0.008

0.002 0.014 + 0.002

0.026 + 0.003 0.030 + 0.004a 0.013 + 0.002 0.014 + 0.003 0.023 + 0.004 0.027 + 0.004

0.24

3.44 + 0.33

2.03 + 0.13

2.15 + 0.21

475 + 39
467 + 31
281 + 18
265 + 22
0.062 + 0.006 0.065 + 0.011 0.066 + 0.011 0.070 + 0.010

3.36 + 0.31

3.23 + 0.22

1.91 + 0.12

1.85 + 0.19

0.059 0.736 + 0.036a 0.713 + 0.044 0.784 + 0.074a 0.708 + 0.048 0.694 + 0.034 0.681 + 0.061 0.699 + 0.057
2.13 12.38 + 1.10
0.230 2.652 + 0.169

7.95 + 1.04
8.37 + 1.16
2.786 + 0.215 3.055 + 0.407

12.72 + 1.54 12.45 + 1.38
7.52 + 0.38
8.02 + 0.75
2.679 + 0.226 2.664 + 0.185 2.679 + 0.173 3.030 + 0.198a

Abbreviations: AST, aspartate aminotransferase; BW, final body weight; LUWBC, large unstained white blood cells; LCCD, light catalytic cracked distillate; SD,
standard deviation; ULSDF, ultra-low sulfur diesel fuel; WBC, white blood cell.
a
Significantly different from sham-dosed controls (P < 0.05).

treated males than in controls, and urea was increased (18%),
but the differences were small and values for both groups were
within the normal range. Therefore, these differences are
judged not to be toxic responses to S-141. No other significant
differences were noted. The NOAEL for systemic effects was
judged to be 2000 mg/kg/d, and a LOEL of 2000 mg/kg was
assigned based on absolute and relative liver weights.
With S-300, S-335, and S-345, relative liver weights were
higher in treated females than in controls with each LOB (Table
7), but no histological effects were observed. With S-345, relative kidney weight was higher in treated males, primarily reflecting a decrease in body weight (Table 7). Sporadic differences
from the controls were seen among serum chemistry parameters,
but values in treated groups were within normal range, and the
differences were not judged to be a response to treatment. No
other significant differences were noted. Therefore, NOAELs for
systemic effects with S-300, S-335, and S-345 were judged to be
2000 mg/kg/d, and LOELs were 2000 mg/kg based on relative
liver weight in females.
In the study with S-142, body weights were significantly
lower in treated males, but the differences were thought to
result from unusually high body weights in the control group.
Weights of the liver and adrenals were higher in treated females
(Table 7), but no significant histological changes were

observed except for occasional small aggregates of cells with
foamy appearing cytoplasm (vacuolar degeneration) in a small
portion of the livers of treated females. The increase in liver
weight might have been an adaptive response. Hematocrit and
Hb were significantly lower in treated males, but the difference
was not judged to be toxicologically significant since the values were within the normal range. The NOAEL for systemic
effects was judged to be 1720 mg/kg/d, the high dose. This dose
was also the LOEL due to increased liver weight in females.
With S-150, body weights were significantly lower in
treated males at both 800 and 2000 mg/kg (Table 9). No dose
response was apparent, and the lower body weights were
judged not to be toxicologically significant. (Lowered body
weights in some of these dermal studies are addressed further
in the Discussion section.) Liver weights were higher in
females than those in controls by 14% at 2000 mg/kg, and liver
weight relative to body weight was increased in both sexes.
However, histological changes were minimal, and the
higher weights were considered as an adaptive response. Thymus weight was lower in males at 2000 mg/kg, and adrenal
weight was higher in females at both doses. No histological
changes were observed in either organ, and the differences in
weight were not judged to represent an adverse effect. Values
for the following serum chemistry parameters in males at 2000
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mg/kg were statistically lower than control values: albumin
(8% lower), cholesterol (13%), triglycerides (28%), and calcium (5%). Alanine aminotransferase was 39% higher. No
similar differences were seen in females. These differences
were slight, and no abnormalities were seen microscopically;
therefore the differences were not considered to be toxicologically significant. The NOAEL for systemic effects was judged
to be 2000 mg/kg/d, and a LOEL of 800 mg/kg was set based
on lower body weights in treated males.
In the study with S-461, body weights at the higher doses of
S-461 tended to be lower than those of controls during the biophase, and final body weights with 2000 mg/kg at sacrifice were
significantly lower in both sexes (Table 10). No significant
treatment-related effects were seen in absolute organ weights
in either sex. Relative weights of liver, brain, kidneys, and adrenals, expressed as a percent of final body weight, were greater at
the high dose than those in sham-treated controls (Table 10).
Given the number of relative organ weights that were higher
in treated animals (including relative brain weight), the lack of
treatment-related effects on absolute organ weights, and the
lower body weights in treated animals, the differences in relative
organ weights do not appear to be toxicologically significant. No
differences were seen in hematology, urinalysis, and serum
chemistry except for the following at a dose of 2000 mg/kg:
albumin (11% lower than sham-treated controls), albumin/globulin ratio (18% lower), and alanine aminotransferase (33%
higher) in males and glucose (11% lower) and triglycerides
(29% lower) in females. A few smaller corresponding differences were seen at 500 mg/kg; however, the only values among
these groups that were outside the range of historical controls
were albumin levels in males. This 11% difference was considered marginal. The value of this study is limited since a histopathological evaluation was not conducted (see Table 3).
Overall, limited evidence of systemic effects was seen in 13week dermal studies with these 8 sufficiently refined LOBs.
More specifically, there were differences in organ weights in
some studies (eg, with S-150), but no toxicologically relevant
histological effects were reported. An analysis of factors that
might have contributed to lower body weights in some of the
studies led to the conclusion that the lower weights were not
adverse. Thus, these weight differences could be used to set
LOELs for treatment-related differences but not for adverse
systemic effects related to the test substance. Similarly, the
sporadic differences in some of the PAC-sensitive end points
were considered to reflect small variations that can occur
among groups that are not related to the test substance. This
conclusion is consistent with the findings in the 2 parallel studies on the same WO (WOLCCD and WOULSDF). Given this logic
and the absence of clear adverse systemic effects, the overall
NOAELs for these subchronic studies in rats were the highest
doses tested (1000 to 2000 mg/kg/d).
In the 4-week studies in rabbits on 5 LOBs identified as 87099, 87-100, 87-101, 87-102, and 87-103, dermal irritation was
noted in most cases, and sporadic changes occurred that were
not judged to be adverse. The NOAEL for systemic effects was
1000 mg/kg/d in each study. Results of the studies with API

Table 9. Final BW and Selected Organ Weights (Mean + SD) in Rats
Treated Dermally With S-150 for 13 Weeks.

Males
Body weight, g
Liver weight, g
Liver
weight/BW, %
Thymus
weight, g
Adrenal
weight, g
Females
Body weight, g
Liver weight, g
Liver
weight/BW, %
Thymus
weight, g
Adrenal
weight, g

Sham-exposed
controls

800 mg/kg/d

2000 mg/kg/d

488 + 39
13.91 + 1.65
2.84 + 0.14

445 + 35a
13.03 + 1.26
2.93 + 0.14a

440 + 46a
13.14 + 1.74
2.98 + 0.17a

0.375 + 0.093 0.332 + 0.091 0.284 + 0.061a
0.055 + 0.010 0.056 + 0.008 0.056 + 0.009

258 + 24
7.29 + 0.62
2.83 + 0.17

259 + 18
7.78 + 0.89
3.001 + 0.231a

254 + 28
8.32 + 0.95a
3.28 + 0.24a

0.259 + 0.059 0.259 + 0.064 0.254 + 0.074
0.061 + 0.009 0.067 + 0.008a 0.071 + 0.012a

Abbreviations: BW, body weight; SD, standard deviation.
a
Significantly different from sham-treated controls, P < 0.05.

83-12, API 83-15, and API 84-01 were complicated by dermal
irritation as described in more detail in the Appendix. The
general interpretation of these 3 studies was that most of the
differences observed in the treated rabbits occurred in the presence of significant dermal irritation and probably were secondary to that irritation and/or the stress of dosing. Therefore, these
studies were not considered to demonstrate significant adverse
systemic effects from the LOBs.

Developmental Toxicity Studies With Dermal Exposures
to Sufficiently Refined LOBs
All dams survived to scheduled termination in the developmental toxicity study with SDHPD, and no effects were seen in
clinical observations, treated skin, body weight gain, or terminal body weights (Table 11). No notable effects were reported
from the gross necropsy. No treatment-related histological
observations were noted in dams other than minimal, multifocal mononuclear infiltrate in the superficial dermis of the
treated rats. Treatment-related effects in the dams were limited
to statistically significant higher mean weights of adrenal
glands and nonstatistically significant lower mean thymus
weights (Table 11). The differences in weight were not considered adverse because they were small (both <13%) and other
signs consistent with maternal toxicity were not observed.
Intrauterine growth and survival in the treated group were also
unaffected (Table 11). No treatment-related adverse effects on
fetal morphology were observed, as measured by external,
visceral, and skeletal malformations or developmental variations (Table 12). A low incidence of reduced ossification was
noted, but the results were comparable between the control and
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Table 10. Body Weight and Weights of Selected Organs (Mean + SD) in 13-Week Dermal Study With S-461.
Untreated controls
Males
Final BW, g
Liver, g
Liver/BW, %
Brain, g
Brain/BW, %
Kidneys, g
Kidneys/BW, %
Adrenals, g
Adrenals/BW, %
Females
Final BW, g
Liver, g
Liver/BW, %
Brain, g
Brain/BW, %
Kidneys, g
Kidneys/BW, %
Adrenals, g
Adrenals/BW, %

Sham-treated controls

125 mg/kg/d

500 mg/kg/d

2000 mg/kg/d

556 +
16.66 +
2.99 +
2.08 +
0.38 +
3.70 +
0.66 +
0.051 +
0.009 +

30
2.35
0.33
0.08
0.03
0.48
0.07
0.007
0.001

553 + 48
16.19 + 1.51
2.93 + 0.17
2.10 + 0.05
0.38 + 0.03
3.72 + 0.34
0.68 + 0.06
0.059 + 0.007
0.011 + 0.002

532 + 40
15.69 + 1.93
2.94 + 0.18
2.10 + 0.10
0.40 + 0.02
3.66 + 0.40
0.69 + 0.05
0.060 + 0.009
0.011 + 0.002

525 + 63
18.47 + 3.56
2.76 + 0.47
2.04 + 0.07
0.44 + 0.04
3.84 + 0.40
0.75 + 0.04
0.060 + 0.009
0.017 + 0.003

488
17.23
3.53
2.06
0.43
3.64
0.75
0.54
0.011

+ 47a
+ 2.08
+ 0.24b
+ 0.09
+ 0.05a
+ 0.33
+ 0.07a
+ 0.009
+ 0.002

326 +
11.61 +
3.56 +
1.91 +
0.59 +
2.31 +
0.71 +
0.070 +
0.022 +

34
1.54
0.32
0.08
0.05
0.20
0.06
0.009
0.003

301 + 21
10.01 + 1.44
3.32 + 0.34
1.91 + 0.09
0.64 + 0.03
2.31 + 0.16
0.77 + 0.05
0.069 + 0.008
0.023 + 0.002

302 + 28
9.25 + 0.91
3.02 + 0.25
1.88 + 0.07
0.63 + 0.06
2.22 + 0.16
0.74 + 0.05
0.064 + 0.009
0.021 + 0.003

281 + 10
9.23 + 0.56
3.28 + 0.10
1.89 + 0.07
0.67 + 0.03
2.15 + 0.18
0.76 + 0.06
0.068 + 0.010
0.024 + 0.003

268
9.95
3.69
1.86
0.70
2.27
0.85
0.076
0.029

+ 23a
+ 1.93
+ 0.46a
+ 0.06
+ 0.05a
+ 0.12
+ 0.06b
+ 0.006
+ 0.003b

Abbreviations: BW, body weight; SD, standard deviation.
a
Significantly different from sham-treated controls, P < 0.05.
b
Significantly different from sham-treated controls, P < 0.01.

treated groups. Based on the lack of observed maternal or
developmental toxicity, the NOAEL for maternal and developmental toxicity was 1000 mg/kg/d.
In the 2 parallel studies on the same sample of WO, clinical
signs and dermal observations in dams treated with WOLCCD and
WOULSDF were similar to the respective sham-dosed groups.
Mean maternal body weights, body weight gains, net body
weight, net body weight gain, and gravid uterine weight in
females treated with WOLCCD were similar to the sham-dosed
group. Mean body weights with WOULSDF were also generally
similar to sham controls, but significantly (P < 0.01) lower mean
body weight gains were noted with WOULSDF compared to the
sham controls during GD 9-12 and 15-18. As a result, mean total
body weight gain with WOULSDF was significantly (P < 0.01)
lower than its sham controls for GD 0-20. In addition, mean body
weight with WOULSDF was significantly (P < 0.05) lower (4.1%)
than the sham controls on GD 18. The differences in mean body
weights and mean body weight gains between WOULSDF and its
sham controls were sporadic and/or slight in magnitude, and net
body weights were similar between these 2 groups. Therefore, the
differences in body weight parameters were attributed to biological variability. Food consumption tended to be sporadically
high in the groups treated with either WOLCCD or WOULSDF
compared to the respective sham controls, but there was no corresponding effect on body weights. The differences were attributed to biological variability. Macroscopic findings and organ
weights in dams were not affected by treatment except for significantly (P < 0.05) lower mean thymus weight with WOULSDF
compared to sham-treated controls (0.213 + 0.061 vs 0.251 +
0.055 g, respectively). Intrauterine growth and survival of fetuses
with WOLCCD and WOULSDF were similar to the sham controls

except that mean fetal sex ratios with WOLCCD were significantly
(P < 0.05) different from the sham controls. However, the values
were within the range of historical controls, and the differences
were attributed to biological variability. No differences were
noted in fetal external malformations, visceral variations or malformations, and skeletal variations or malformations with
WOLCCD or WOULSDF compared to the respective sham-dosed
controls. In short, the WO did not produce significant maternal or
developmental toxicity in either of the parallel studies.
In the 2 remaining developmental toxicity studies, no
treatment-related changes were reported in maternal or fetal
end points, including maternal reproductive performance and
survival or development of fetuses. The NOAELs for maternal
and fetal effect from S-461 and S-141 were 2000 mg/kg/d.

Developmental Toxicity Study With Inhalation or Oral
Exposures to Sufficiently Refined LOBs
Perianal staining was observed in all females treated orally and
appeared to result from a clear oily anal discharge within a few
hours of dosing. Otherwise, no adverse effects were seen in the
inhalation and oral studies with S-461. The inhalation no
observed adverse effect concentration (NOAEC) was
1000 mg/m3, and the oral NOAEL was 5000 mg/kg/d.

Reproductive Toxicity Assessments With Dermal
Exposures to Sufficiently Refined LOBs
No significant treatment-related differences were seen in
weights of reproductive organs with dermal doses of
2000 mg/kg in the 13-week dermal studies in rats (Table 13).
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Table 11. Summary of Maternal Body Weight, Maternal Organ
Weights, and Results From Examination of Uterine Contents (Mean
+ SD) in Developmental Toxicity Study With Dermal Application of
SDHPD.

Table 12. Results of Examination of Fetuses From Dams Treated
Dermally With SDHPD.

Parameter

Parameter

Maternal Weights
Initial body weight, g
Terminal body weight, g
Thymus weight, g
Adrenal weight, g
Gravid uterine weight, g
Total number of fetuses
Fetuses (both sexes)
Male fetuses
Female fetuses
Litter-based parameters
Corpora lutea
Implantation sites
Viable fetuses, %
Dead fetuses, %
Early resorptions, %
Late resorptions, %
Total resorptions, %
Preimplantation loss, %
Post-implantation loss, %
Males, %
Females, %
Male fetal weights, g
Female fetal weights, g
Combined fetal weights, g

Control
247 +
388 +
0.244 +
0.078 +
84.3 +

12
24
0.065
0.008
10.8

1000 mg/kg/d
250
387
0.214
0.086
83.5

346
161
185
16.0 +
15.1 +
95.4 +
0.0 +
4.6 +
0.0 +
4.6 +
5.4 +
4.6 +
46.5 +
53.5 +
3.9 +
3.7 +
3.8 +

+ 15
+ 25
+ 0.050
+ 0.011a
+ 9.1
346
172
174

1.9
1.8
5.6
0.0
5.6
0.0
5.6
7.2
5.6
11.8
11.8
0.2
0.2
0.2

16.3
15.4
94.0
0.0
5.7
0.3
6.0
5.2
6.0
49.5
50.5
3.8
3.6
3.7

+ 1.8
+ 1.9
+ 7.2
+ 0.0
+ 7.0
+ 1.37
+ 7.2
+ 6.9
+ 7.2
+ 15.7
+ 15.7
+ 0.3
+ 0.2
+ 0.3

Abbreviations: SD, standard deviation; SDHPD, solvent dewaxed heavy paraffinic distillate.
a
Significantly different from sham-exposed controls (P < 0.05).

In addition, testes were evaluated microscopically in controls
and treated animals in the first 6 studies as shown in Table 13,
and ovaries were examined microscopically following exposures to S-142. No treatment-related effects were seen microscopically in the examined organs.
In the reproductive toxicity study on S-461, estrus cycle was
not affected by treatment in limited subgroups of animals examined for this end point (5 females/group). The fertility index
among these subgroups was 100% in the sham-exposed controls
and 2000 mg/kg/d groups and 80% in the untreated controls due to
1 female with an abnormal estrus cycle. During gestation,
erythema, scabs, and flaking were observed on the skin of nearly
all animals treated with S-461. Similar findings were reported
during lactation. Body weight gain during the gestation and postpartum periods appeared normal. Mean body weights of females
in the 2000 mg/kg/d group were significantly lower than those of
the untreated controls during the first half of gestation but were
similar to mean weights for the sham-exposed controls (data not
shown). Since the gain in body weight was not different in the
treated groups, no treatment-related effect was apparent. No
effects of treatment with S-461 were noted at necropsies of dams.
No effects were seen in dams on the percentage of pregnant
females, duration of gestation, or number of implantation sites
per dam. No adverse effects were noted among the litters for

Fetuses

Malformations
Number examined
externally
Microphthalmia and/or
anophthalmia
Vertebral agenesis
Number examined
viscerally
Situs inversus
Number examined
skeletally
Number with findings
Variations
Number examined
externally
Number with findings
Number examined
viscerally
Hemorrhagic ring around
iris
Renal papillae not
developed
Number examined
skeletally
Sternebrae #5 or #6
unossified
Cervical centrum #1
ossified
14th rudimentary rib
Reduced ossification of the
13th rib

Litters

Control Treated Control Treated
346

346

24

24

1

1

1

1

1
346

0
346

1
24

0
24

0
346

1
346

0
24

1
24

0

0

0

0

346

346

24

24

0
346

0
346

0
24

0
24

0

2

0

1

0

1

0

1

346

346

24

24

51

64

19

18

50

47

19

16

25
1

22
3

9
1

10
3

Abbreviation: SDHPD, solvent dewaxed heavy paraffinic distillate.

Liveborn Index, Day 4 Survival Index, or Day 21 Survival Index.
Mean pup weight was not affected by treatment during postpartum days 0 to 28. Eyelid dysjunction and surface righting reflex
were not affected by treatment. Observations of offspring at birth
and at necropsy were not affected by treatment. In short, dermal
application of S-461 at doses up to 2000 mg/kg/d beginning 10
weeks before mating did not have any adverse effects on reproductive performance of female rats or on the in utero and postnatal
survival or development of offspring. The apparent NOAEL was
2000 mg/kg/d, but confidence in that value is limited since histopathological evaluations of parental reproductive organs were not
completed.

Discussion
Acute Toxicity Studies With Oral, Dermal, and Inhalation
Exposures
Toxicity in the acute studies reported here was consistently low
for LOBs administered by dermal, oral, or inhalation routes for
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Table 13. Mean Final Body Weight and Weights of Reproductive Organs in 13-Week Dermal Studies With S-461 and Related LOBs.
Males
Sample (CASRN)
SDHPD
(64742-65-0)
S-141
(64742-65-0)
S-300
(64742-65-0)
S-335
(64742-65-0)
S-345
(72623-83-7)
S-142
(64742-70-7)
S-150
(64742-54-7)
S-461
(8042-47-5)

Dose, mg/kg/d
0 (sham-dosed)
1000
0 (sham-dosed)
2000
0 (sham-dosed)
2000
0 (sham-dosed)
2000
0 (sham-dosed)
2000
0 (sham-dosed)
2000
0 (sham-dosed)
800
2000
0 untreated)
0 (sham-dosed)
125
500
2000

Body weight
506
442b
366
372
366
369
379
378
379
353
443
392b
488.4
444.8b
440.5b
556.2
552.7
531.6
525.0
488.4b

Testes
3.33
3.49
3.42
3.23
3.42
3.34
3.74
3.62
3.74
3.66
3.884
3.919
3.441
3.469
3.324
3.395
3.505
3.415
3.458
3.529

Prostate

Females

Prostate and
seminal vesicles

1.12
1.07
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
0.835
0.968
0.806
2.930
3.133
2.697
3.122
2.727

Epididymides
1.38
1.41
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
1.320
1.340
1.314
1.383
1.406
1.382
1.407
1.325

Body weight
293
293
252
239
252
247
252
250
252
243
234
233
257.8
259.0
253.8
325.7
300.6
302.3
280.9
268.3b

Ovaries
a

0.14
0.15a
0.21
0.19
0.21
0.18
0.22
0.23
0.22
0.19
0.073
0.079
0.078
0.082
0.081
0.090
0.079
0.086
0.084
0.102

Uterus
0.72
0.60
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
0.568
0.568
0.630
0.557
0.575
0.544
0.548
0.534

Abbreviations: CASRN, Chemical Abstracts Service Registry Number; LOB, lubricating oil base stock; SDHPD, solvent dewaxed heavy paraffinic distillate; ND,
not determined.
a
Ovaries and oviducts weighed together.
b
Significantly different from sham-dosed controls, P < 0.05.

both sufficiently and insufficiently refined LOBs. Nonlethal
effects in the acute studies were minimal and, if present, generally consisted of dermal irritation with dermal dosing, loose stool
with oral dosing, or no observed changes with inhalation. One
exception was sample API 83-12, a carcinogenic LOB, that had
a relatively low LC50 (2.18 mg/L) and caused pronounced pulmonary effects in an acute inhalation study. By comparison to
the other test samples, API 83-12 has a low viscosity (53 SUS at
100 F (38 C), or about 8.3 cSt at 100 F). Such low viscosity (<
*15 cSt at 100 F) can be the reason for an LC50 below 5 mg/L
as well as the effects observed in the lung.32

Repeated Dermal Exposures to Insufficiently
Refined LOBs
Sample PDR10 values for the 2 insufficiently refined LOBs
were 31 and 91 mg/kg for 13-week dermal studies in rats.
These results were compared to 2 other refinery streams that
could potentially be used as surrogates for insufficiently
refined LOBs. Heavy vacuum gas oil (HVGO) was chosen
because it is derived from the vacuum distillation tower
similarly to streams that are further refined to produce sufficiently refined LOBs and also because this sample had
PAC content similar to insufficiently refined LOBs (Table
1). A DAE was the second potential surrogate. The PAC
content of the DAEs as shown in Table 1 was higher than
their respective insufficiently refined LOBs. Polycyclic aromatic compound data were also available on an additional

DAE (sample 86187 in Table 1) that was tested experimentally in animals and serves as a ‘‘worst-case’’ surrogate for
insufficiently refined LOBs. This information on the aromatic constituents of the HVGO and DAE was previously
published20 and was provided for use by the company that
conducted these studies.
Experimentally, this HVGO had a NOAEL of 125 mg/kg in
the original report of a 13-week dermal toxicity study, but a
NOAEL of 30 mg/kg (next lower dose) was subsequently suggested based on lower Hct at 125 mg/kg.33 The sample PDR10
for this HVGO was 118 mg/kg. These doses with HVGO were
near the PDR10s found with the insufficiently refined LOBs.
The DAE was also tested in a 13-week study at doses of 0, 30,
125, 500, and 1250 mg/kg/d.20,34 In this study, the NOAEL was
<30 mg/kg/d; the benchmark dose at 10% response (BMD10)
for this study was calculated to be 15 mg/kg/d; and the sample
PDR10 for the DAE was estimated as 58 mg/kg/d.35 As might
be expected, these values for the DAE were lower than those
for HVGO and the PDR10 values for the 2 insufficiently refined
LOBs.
Sample PDR10s for developmental toxicity end points with
the 2 insufficiently refined LOBs were 550 and 30 mg/kg/d.
Results from dermal developmental studies in rats with HVGO
and DAE followed a pattern similar to that with the 13-week
studies. The NOAEL for maternal and fetal effects of HVGO
was 125 mg/kg/d,33 close to its sample PDR10 of 157 mg/kg.
The NOAEL with DAE was <30 mg/kg/d; the BMD10 was
17 mg/kg/d; and the PDR10 was 15 mg/kg/d.34,36
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Thus, as a worst-case assessment, it would be reasonable to
assume that the systemic or developmental toxicity of insufficiently refined LOBs would be similar to that of DAEs. However, variability in PAC content and toxicity has been seen in
other studies on PAC-containing refinery streams.19 If a particular untested LOB is designated as insufficiently refined but
is suspected to have low PACs, an assessment of that LOB can
be made on a case-by-case basis and requires that ARC data be
available to provide justification for a claim that the LOB is
sufficiently refined.

Systemic Toxicity With Repeated Exposures to
Sufficiently Refined LOBs
It was hypothesized that the DMSO-extractable aromatics represented the toxic constituents in insufficiently refined LOBs
and their removal would result in sufficiently refined LOBs
that would be nontoxic. The present results support that
hypothesis. Repeated dermal application of sufficiently refined
LOBs to rats (13-week exposures) and rabbits (3-4 week exposures) consistently resulted in NOAELs for systemic toxicity in
the range of 1000 to 2000 mg/kg/d, typically the highest doses
tested. There were no consistent pathological changes. Liver
weights tended to be slightly increased in several studies, most
often in only 1 gender of the treated animals. However, as no
histopathological changes were seen in the livers, the effects on
liver weight were considered to be evidence of systemic exposure but not toxicity. These results were consistent with 2-week
dermal exposures.15 Some treatment-related differences (eg,
lower body weight gain and lower weights of heart, testes, and
ovaries) were noted in the dermal studies with rabbits reported
here; however many of these were considered secondary to
dermal irritation. The effect on the testes in particular might
have been secondary to dermal irritation.37
Although dermal exposures are expected to be the most
common route of exposure with sufficiently refined LOBs,
inhalation exposures also occur, particularly in industrial settings. The number of publications on inhalation toxicity studies
specifically on LOBs is limited, but several studies have been
performed on metal removal fluids (MRFs) that are formulated
using sufficiently refined LOBs together with performance
additives. Restricting this discussion to LOBs and not MRFs,
the only consistent effects in 3 separate 4-week inhalation
studies were increased lung weight and concentration-related
microscopic accumulation of foamy alveolar macrophages in
lungs.38 Although 1000 mg/m3 could justifiably be considered
the NOAEL for these 3 studies due to the non-adverse nature of
accumulation of alveolar macrophages in the lungs without
other accompanying effects, a NOAEL of 210 mg/m3 was chosen because of increased lung weight. Supporting data were
obtained from14-day inhalation studies with 2 highly refined
base oils in which rats (both sexes) were exposed to aerosol
concentrations of approximately 50, 500, and 1500 mg/m3 for
6 hours/d, and no observable effect levels were >50 mg/m3.35,39
Further discussion of these and related inhalation studies is
available.40

Nonaccidental oral exposures to most sufficiently refined
LOBs are not expected, but ingestion is one of the intended
routes of exposure with WOs in foods, medicines, and cosmetics. Numerous studies involving ingestion of WOs have
been previously performed. In subchronic studies, observed
increases in weights of liver, lymph nodes, and spleen at the
highest doses were associated with deposition of the lipophilic
oil and minimal pathological changes in Fischer 344 rats.41,42
Other rodent strains and species do not display this sensitivity to
ingested mineral oil.43,44 Extensive follow-up testing has
demonstrated a unique sensitivity of F344 rats to mineral oil
after ingestion, resulting in significant oil uptake, deposition,
and a characteristic histological response.44-49 The general interpretation of these findings is that the granulomatous lesions
experimentally induced by WO feeding, particularly in the liver
of F344 rats, are exaggerated immunological responses peculiar
to this strain of rats and that the changes induced by WOs in
human are incidental and inconsequential.50 Little difference is
expected after ingestion of WOs or sufficiently refined LOBs
due to low PAC content in both types of oils.
One finding in the present subchronic studies that deserved
particular attention was that body weights of treated males
were significantly lower than sham-treated controls in 4 of the
8 studies; mean weights ranged from 87.3% to 90.2% of control
weights in these 4 studies. In contrast, body weights of females
were affected in only 1 of the 8 studies. These lower body
weights were not associated with pathological changes or, in
most cases, differences in organ weights. No association was
seen between the lower weights and other experimental variables as discussed in the Appendix. Given that and the fact that
lower body weights were not reported in publications of
repeated exposures of rats to sufficiently refined LOBs administered orally or by inhalation, the differences seen with dermal administration were considered to be related to the mode of
dosing rather than to inherent toxicity of the LOBs. Since the
lower body weights might be linked to the experimental model
and did not appear to be associated with significant systemic
effects, these differences in body weights are not considered as
adverse, as suggested by European Centre for Ecotoxicology
and Toxicology of Chemicals (ECETOC).51 In other words, the
lower body weights could be used to set a LOEL for treatmentrelated differences, but not a lowest observed adverse effect
level for adverse systemic effects related to the test substance.
Accordingly, the NOAEL for systemic toxicity following
repeated dosing was the highest tested dose (1000-2000 mg/
kg/d).
Sporadic differences in other end points were seen between
treated and controls animals in the subchronic dermal studies in
rats. These are also discussed further in the Appendix.

Developmental Toxicity With Exposures to Sufficiently
Refined LOBs
Here, 5 developmental toxicity studies with dermal dosing of a
sufficiently refined LOB or WOs in rats are reported. In each
case, no adverse effects were seen in either maternal or fetal
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end points. Although weight of the adrenals was higher in dams
treated with SDHPD, this difference was consistent with enlargement of the adrenal glands due to chronic stress.52,53 Given
this possible reason for the difference, the small amount of
difference from controls, and the lack of signs of maternal
toxicity, the difference in weight was not considered adverse.
Therefore, the NOAEL in each study was the highest dose that
was tested (1000 or 2000 mg/kg/d). In addition, the NOAEC in
an inhalation study with a highly refined LOB (S-461, a WO)
was 1000 mg/m3. In an oral developmental toxicity study using
the same WO, the NOAEL was 5000 mg/kg/d. This NOAEL
was supported by a second, more limited, study. These NOAEL
and NOAEC values can apply to those LOBs that are sufficiently refined and have low PAC content.
Additional information supporting the lack of developmental toxicity by LOBs was obtained from an article by Schreiner
et al54 on a study based on OECD Test Guideline 421. Treatment with 1 mL/kg/d (*900 mg/kg/d) of mineral oil did not
significantly affect any of the measured end points. Further
supporting data are obtained from a reproductive/developmental toxicity study in Sprague Dawley rats.55 A white mineral oil
(food/drug grade highly refined, CAS No 8012-95-1) was used
as a vehicle control. Although there were no untreated animals
for comparison to the WO group, the results were considered to
be within normal limits. Consequently, these studies provide
supporting evidence that WOs do not produce developmental
effects.

Reproductive Toxicity Assessments With Dermal
Exposures to LOBs
The results from the developmental toxicity studies on sufficiently refined LOBs presented here provide data to address the
developmental toxicity of these LOBs in the assessment of
possible reproductive toxicity. No significant effects were seen
in these studies. In addition, the weights of reproductive organs
were not affected in several subchronic dermal studies with
sufficiently refined LOBs (Table 13). Testes were examined
microscopically in 6 of these studies and ovaries in 1 study. No
histopathological abnormalities were noted. Thus, the available
data from both developmental and repeated-dose studies provide the information necessary to satisfy the HPV requirements
for reproductive toxicity assessments and indicate that reproductive toxicity with sufficiently refined LOBs is expected to
be minimal.
Even for insufficiently refined LOBs, reproductive toxicity
does not appear to be a sensitive end point of toxicity compared
to developmental and repeat-dose toxicity. In a recent study,
high-boiling petroleum substances, including many with a high
PAC content, have demonstrated low potential to cause male or
female reproductive toxicity relative to developmental toxicity
and systemic toxicity (in repeat-dose toxicity studies).56
Further evidence of the low potential of insufficiently
refined LOBs to cause reproductive toxicity is obtained from
screening-level fertility studies of clarified slurry oil (CSO,
CAS No 64741-62-4, also known as catalytically cracked

clarified oil, syntower bottoms, and carbon black oil). This
refinery stream contains such high levels of PACs that it is
believed to be ‘‘worst case’’ by comparison to all other refinery
streams. When CSO samples are tested in developmental toxicity studies, they typically produce severe developmental
effects (resorptions, reduced fetal body weight, and cleft
palate) at levels below 5 mg/kg/d.57,58 In contrast, in screening
studies to assess the potential for CSO to affect male and
female reproductive parameters,59 there were no effects at levels up to 250 mg/kg/d, the highest dose tested. These studies
add additional weight to the view that further tests of the potential for unrefined LOBs to cause reproductive effects are not
justified, because the critical effects, carcinogenicity and
developmental toxicity, which would be used to assess the
adequacy of current hazard control practices, have already been
characterized.

Conclusions
Because LOBs are a family of substances with variable composition, the amount and profile of PACs can differ among
various samples. As a result, mammalian toxicity with repeated
exposures, mutagenicity, and carcinogenicity have been shown
to vary with the PACs in the samples. The new data presented
in this article are related to the refining history and PAC content of each sample and add to the body of information indicating low toxicity with sufficiently refined LOBs and potential
toxicity with insufficiently refined LOBs. The main conclusions were as follows:
1.

As with many other refinery streams with constituents
boiling principally above 343 C17-20, the effects of LOBs
on sensitive noncarcinogenic end points in subchronic
and developmental toxicity studies are related to PAC
content of the LOBs.
2. Insufficiently refined LOBs can produce target organ
effects and can also be developmentally toxic with
repeated dermal exposure.
3. The toxicity of insufficiently refined LOBs is associated
with the aromatic constituents, which are removed during
the production of sufficiently refined LOBs.
4. Additional testing of insufficiently refined LOBs was not
considered justified since they are already recognized as
potentially hazardous (carcinogenic and systemically
toxic). The doses of an untested sample that could result
in observable systemic or developmental effects can be
modeled using the PAC profile of that sample or estimated by read-across from similar LOBs or refinery
streams.
5. Experimental NOAELs for systemic toxicity and developmental toxicity with repeated dermal exposures to sufficiently refined LOBs were 1000 to 2000 mg/kg/d and
typically were the highest doses tested. Although local
effects can occur with repeated dermal or inhalation
exposures, those effects seem more related to the physical
presence of the oil rather than to inherent toxicity. The
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absence of toxicologically relevant findings was consistent with the lower PAC content of sufficiently refined
LOBs.
Sufficiently refined LOBs as currently marketed would
not be considered hazardous, although testing or a thorough knowledge of refining history is needed to verify
this designation. The data on sufficiently refined LOBs
presented here can be used for read-across to untested
sufficiently refined LOBs.
Lower body weights were observed in some 13-week
studies in rats with dermal dosing. These differences
appeared to be related to the experimental model and are
not adverse.
Sufficiently refined LOBs are likely to have little, if any,
effects on reproductive parameters.
It is unlikely that insufficiently refined LOBs would be
reproductively toxic, or at least not at dose levels which
would be likely to produce developmental toxicity.
Tested LOBs had low acute toxicity by dermal, oral, and
inhalation routes. Nonlethal effects in the acute studies
were minimal.

Appendix
Significance of Distillate versus Residual LOBs
The lighter distillate fractions from vacuum distillation (also
known as the ‘‘overheads’’) may be too volatile to be used in
manufacture of LOBs and are normally used for blending fuels.
Then there are a series of heavier streams (referred to as
‘‘vacuum distillates’’) which are separated by viscosity and
further refined to produce distillate LOBs. The residuum from
the vacuum tower, consisting of similar but more highly boiling
components (i.e., constituents that boil above *923 to 1,070 F
[495 to 577 C 60,61]), can be de-asphalted to produce a raw
residual LOB. The asphaltic fraction is used primarily to manufacture commercial asphalts. The de-asphalted residual oil can
be further processed to make residual LOBs, products that
contain constituents similar to those in distillate LOBs, but with
higher molecular weights and viscosities.
The processes used to reduce PAC content are the same for
distillate and residual LOBs, yielding sufficiently refined
LOBs regardless of the origin of the oil. Some differences
related to molecular weight can exist, however, residual
streams are often thought to have lower levels of the carcinogenic PACs than distillate streams because the increasing size
and complexity of the aromatics in the residual streams
decreases their carcinogenic potential. Lower carcinogenic
activity from biologically active PACs in residual oils compared to distillate oils has been observed in skin-painting
assays.62,63 In addition, residual LOBs can have much lower
carcinogenicity than would be expected on the basis of the
amount of material extracted by DMSO with the IP346
method6, leading CONCAWE (Conservation of Clean Air and
Water in Europe) to conclude that the IP346 method is not

suitable for substances, such as some residual oils, that contain
large PACs (asphaltenes) and/or resins.7
Analytical studies of these de-asphalted vacuum residua
indicate that the aromatics they contain are predominantly 13 ring compounds that are highly alkylated (paraffinic and
naphthenic). Because these alkylated 1-3 ring aromatics are
found in such a high boiling material (> 1070 F [577 C]), it
is estimated that their alkyl side-chains would be approximately 13 to 25 carbons in length. These highly alkylated aromatic ring materials are either devoid of the biological activity
necessary to cause mutagenesis and carcinogenesis or are
largely not bioavailable to the organism.4 Therefore materials
boiling above 1070 F are essentially non-carcinogenic.64 The
mutagenic/carcinogenic activity of some oils derived from
vacuum residuum is likely attributable to carcinogenic PACs
from contaminating heavy vacuum gas oil.4 Therefore, as with
other LOBs, an assessment of residual oils is needed to determine if they are sufficiently refined, but those that are sufficiently refined are not hazardous.

Significance of Paraffinic versus Naphthenic LOBs
The Chemical Abstract Service (CAS) descriptions of LOBs
generally provide indications of refining history and composition. They often contain descriptive wording, such as "naphthenic" (saturated ring hydrocarbons) or "paraffinic" (straight or
branched chain hydrocarbons), that relate to the crude source
and/or the predominant hydrocarbons present. The difference
between naphthenic and paraffinic LOBs is one of relative
percentage since naphthenes and paraffins are present in both
types of oils. The distinction between naphthenic and paraffinic
LOBs is primarily used to indicate parameters for product
applications and lubricant quality rather than health or safety
characteristics. There are no toxicological data to indicate that
a distinction between paraffinic and naphthenic LOBs is important. Rather, our research program has shown that the saturated
constituents are essentially not toxic and observed effects are
related to the presence of PACs.
Among the streams produced as LOBs are manufactured,
aromatic extracts can be used as feedstocks for carbon black
manufacture or can be converted by catalytic and/or thermal
cracking to lower molecular weight material suitable for blending into fuels. Waxes can also be produced during the refining
of LOBs. When the waxes are derived from sufficiently refined
LOBs, as is the current practice in the United States, the resulting waxes do not contain toxic constituents, as described previously65 and illustrated in this manuscript.

Additional Justification of Dermal Route
Additional justification of the use of dermal dosing in toxicity
studies of sufficiently refined LOBs comes from studies on
repeated administration of clarified slurry oil (CAS No.
64741-62-4), a stream with much higher levels of PACs than
are found in LOBs or other types of petroleum-derived materials. This work provided indications that toxicity might be
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greater with dermal dosing than with oral dosing.36 Subchronic
studies with heavy paraffinic distillate aromatic extract (CAS
No. 64742-04-7), the aromatic material removed during refining of LOBs by solvent extraction, also provided evidence that
the test substance was more toxic with dermal administration
compared to oral administration based primarily on mortality
and clinical signs.35 Thus there are no indications that dermal
dosing would result in less pronounced effects compared to oral
dosing.

Lower Body Weight among Treated Male Rats in
Subchronic Dermal Studies
Although the lower body weights in some groups of treated
male rats (shown in Tables 7, 8, and 9) were treatment-related,
the reason for the lower body weights is not known and their
toxicological significance is uncertain. An effort was made to
identify possible causes, with the understanding that multiple
factors might be involved.
One possible factor was slight dermal irritation at the site of
treatment. Seven of the eight studies (those with LOBs identified as S-number) were performed at one laboratory. Among
those, the treated males in the three studies with significantly
lower weights also had some visible evidence of dermal irritation during the biophase, even if it was only sporadic mild
dermal irritation (Table A-1). In most cases, irritation observed
during the biophase was mild. Similar evidence of irritation
was not seen in the other four studies that had no significantly
lower body weights in the males. Some evidence of thickened
epidermis and chronic inflammation in the skin was seen histologically in most studies, possibly resulting in part from clipping and rubbing of the treatment site. Nonetheless, the
association of observed irritation with lower body weights
appears to fit a definite pattern among these seven studies.
In contrast, no dermal irritation was visually observed during the biophase of the single study performed with SDHPD at
a second laboratory. Histologically, minimal epithelial hyperplasia was more common among the treated males in this study
(the group with lower body weight), but the association does
not seem as definite as in the other seven studies.
Other parameters were examined as possible factors in the
lower body weights, one being the age of the animals at the
beginning of dosing since it varied from 6 to 10 weeks. As seen
in Table A-1, the relation between age and lower mean body
weights was similar to that of visible irritation. Viscosity of the
sample was also evaluated as a possible factor that might influence both dermal irritation and/or body weight, the idea being
that the less viscous samples might have more effect on body
weight. Again its possible influence was not consistently apparent (Table A-2). Examination of variations in the mode of
dosing similarly did not account for the lower body weights.
In short, no single factor was identified that clearly accounted
for lower body weights in treated males.
These lower body weights were not associated with pathological changes or, in most cases, differences in organ weights.
Given that and the fact that lower body weights were not

reported in publications of subchronic exposures of rats to
highly refined LOBs administered orally or by inhalation, the
differences seen with dermal administration were considered to
be related to the mode of dosing rather than to inherent toxicity
of the LOBs. Since the lower body weights might be linked to
the experimental model and did not appear to be associated
with significant systemic effects, these differences in body
weights are not considered adverse here, an approach suggested
in ECETOC.51 In other words, the lower body weights could be
used to set a NOEL or LOEL for treatment-related differences,
but not a NOAEL for adverse systemic effects related to the test
substance.

Sporadic Differences among Treated Rats in Subchronic
Dermal Studies
As a separate, but related, issue, an assessment of variation in
sensitive endpoints was made for the dermal subchronic studies
in rats with sufficiently refined LOBs. During the development
of the PAC models, four endpoints were selected as the most
sensitive indicators of toxicity. These sensitive endpoints were
hematocrit, platelet count, relative liver weight (percent of
body weight), and thymus weight. Statistically significant differences were seen in treated rats (doses >1,000 mg/kg/day) for
some of the sensitive endpoints with some samples (Table A2). Sporadic differences were occasionally seen with thymus
weight, platelets, and hemoglobin, but these differences were
not believed to be toxicologically important since they were not
consistently observed. Relative liver weight was increased in
several studies, but these relatively modest increases were not
considered adverse, particularly given the lack of histopathological effects. This variation in PAC-sensitive endpoints indicates that an interpretation of results from the PAC models
should be done with the knowledge that such variation in
responses is possible with dermal application of high doses
of substances that contain low levels of PACs (such as sufficiently refined LOBs).

Four-week Dermal Studies in Rabbits with API 83-12, API
83-15, and API 84-01
In the conduct of the studies on five LOBs (samples 87-099
through 87-103), each test material was held in place with an
impervious sleeve and non-irritating wrap for 6 hours, after
which the skin was wiped with a dry paper towel to remove
residual test material. Animals wore Elizabethan collars to
minimize ingestion of test material. In-life endpoints included
daily clinical signs, skin irritation (twice weekly), and body
weight and food consumption (twice weekly). Hematology
(11 parameters) and clinical chemistry (20 parameters) were
assessed at sacrifice. Animals were necropsied and the adrenals, brain, kidneys, liver, ovaries, and testes were weighed.
Thirty-nine organs were evaluated histologically.
In the studies on API 83-12, API 83-15, and API 84-01,
treated skin was covered with gauze after each dosing and
wrapped with an occlusive dressing for 6 hours. The coverings
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were then removed and the test site was wiped. Endpoints
during the dosing period included daily clinical signs and
weekly body weights. Dermal irritation was scored daily using
the Draize scale. Daily scores for erythema and edema were
added together for each animal. The mean of these summed
scores for each group during the entire 4 weeks of dosing was
calculated and referred to as the mean irritation score (MIS),
an indication of the severity of irritation during the biophase.
Endpoints at sacrifice included hematology (number of erythrocytes and white blood cells, WBC differential, hemoglobin, and hematocrit), clinical chemistry (glucose, blood urea
nitrogen, alkaline phosphatase, SGOT, SGPT, and total protein), and gross necropsy. The heart, liver, spleen, kidneys,
adrenals, thyroids, pituitary, testes, ovaries, and brain were
weighed. More than 40 organs were examined histologically
in the control and high-dose groups. With API 83-12, the
testes and epididymides were examined in the other two dose
groups due to findings in the testes at the highest dose. Additional details on the methods used in these studies in rabbits
are available.22
Before discussing the results of the 4-wk studies, it is important to note that both API 83-12 and API 84-01 had relatively
low viscosity (8.44 and 14.07 cSt at 40 C, respectively, as
shown in Table 2). Low viscosity is potentially significant for
two reasons. First, removal of aromatics from LOBs during
refining produces higher viscosity oils, so the low viscosity
values for these samples suggest that they were not sufficiently
refined although information on process history for these oils is
not available. Also, low viscosity can be related to dermal
irritation. API 83-12 and 84-01 had a high primary irritation
index (5.4 and 4.3, respectively) in acute dermal irritation tests
that were more severe than those currently used to establish
classification and labeling. Therefore significant irritation
could be expected with these samples in the 28-day studies.
Also, API 83-12 caused tumors in a skin-painting assay in
mice. In contrast, the viscosity of API 83-15 was much higher

(880 cSt at 40 C); its primary irritation index of 1.3 indicated
mild acute dermal irritation.
As could be expected based on acute dermal irritation studies, dose-related dermal irritation was seen in treated rabbits
during each of the 4-wk studies on API 83-12, API 83-15, and
API 84-01. As seen in Table A-3, MISs (mean irritation scores)
with API 83-12 and API 84-01 ranged up to 3.2 at the highest
dose, reflecting significant irritation. API 83-15 had lower
MISs. Significantly lower body weights were seen with API
83-12 on days 8, 15, 22, and 29 with males at the high dose and
females at the high and mid-dose. In addition to body weight,
the absolute weights of the heart, ovaries, and testes were lower
in the treated animals, as shown in Table A-3. Increased granulopoiesis of bone marrow was seen histologically with 2,000
mg/kg. Three males treated with 2,000 mg/kg had moderately
severe bilateral diffuse tubular hypoplasia (atrophy) of the
testes accompanied by aspermatogenesis and atrophy of accessory sex organs. A similar change was noted in one control
male.
Similar differences in body weight and the weights of the
heart, testes, and ovaries were seen with both API 84-01 and
API 83-15, although statistical significance was not always
reached with the limited number of animals in each group. One
male treated with 2,000 mg/kg of API 84-01 had bilateral diffuse tubular hypoplasia of the testes accompanied by aspermatogenesis and hypoplasia of the epididymides. With API 83-15,
slight to moderately severe multifocal or diffuse hepatocytomegaly accompanied by minimal to moderate multifocal subacute hepatitis was seen histologically in the liver of 9 of the 10
rabbits treated with 2,000 mg/kg.
The general interpretation of these three studies was that
most of the differences observed in the treated rabbits occurred
in the presence of significant dermal irritation and may well
have been secondary to that irritation and/or the stress of dosing. Therefore these studies were not considered to demonstrate
significant adverse systemic effects from the LOBs.
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90.2a

S-150

101.6 None

S-141

94.3

98.0

Sham controls (water applied to skin) and 99.2
treated: Slight epidermal thickening
and chronic inflammation
94.8
Epidermal thickness *doubled in all
sham males, apparently from clipping.
Treated: Minimal epidermal
hyperplasia (thickened epidermis) and
chronic inflammation of superficial
dermis

Epidermal thickness *doubled in all
sham males, apparently from clipping.
Treated: epidermal hyperplasia
(thickened epidermis) (>females) and
chronic inflammation of superficial
dermis (<females)
Minimal mononuclear infiltrate in 8/10
sham controls and 10/10 treated. In
untreated skin of both groups also
(*half of animals).

96.1

Sham controls (water applied to skin) and 9 to
treated: Slight epidermal thickening
and chronic inflammation
8 to
Very slight or slight erythema Mild epithelial hyperplasia in 1/10
in 4/10, desquamation in 3/
10
9 to
None
Epidermal thickness *doubled in all
sham males, apparently from clipping.
Treated: epidermal hyperplasia
(thickened epidermis) (<males) and
chronic inflammation of superficial
dermis (>males)
8 to
Minimal mononuclear infiltrate in 8/10
Very slight to moderate
sham controls and 8/10 treated. In
erythema in *all, very
untreated skin of both groups also
slight edema in 3,
(*half of animals).
desquamation in 5, and
scabbing in 3
None
Sham controls (water applied to skin) and 9 to
treated: Slight epidermal thickening
and chronic inflammation
None
Equivocal or trace increase in epidermal 9 to
thickness in 8/10 (<males). Treated:
same as males
96.4

None

Mean erythema and CDS
grades 0.0. Both 0.0 in
controls.

Slight epidermal thickening and chronic 6.5
inflammation of superficial epidermis in
10/15

6

7

10

10

10

9

10

9

10

Age at 1st
dose (wk)

98.4

99.6

89.0a

Histopathology
of skin

Minimal epithelial hyperplasia in 1/10
controls and 0/10 treated animals
Erythema, scabs, and flaking of No histopathology data available
skin in *all females
None
Examined, but not reported

Visible dermal irritation

100.0 Very slight erythema in 1/10

BW

Females

a) Significantly lower than sham-treated controls.
b) Chronic deterioration score, a semi-quantitative based on the following scale: flaking (1), thickening (2), stiffening (3), cracking (4), and sloughing (5)

None

99.7

S-335

None

Very slight to moderate
erythema in *all,
desquamation and
scabbing in 6

98.1

WOULSDF 98.3

S-300

WOLCCD 96.7

93.1

88.5a

S-142

S-345

88.4a

S-461

Histopathology
of skin

Minimal epithelial hyperplasia in 5/10
controls and 8/10 treated animals
Erythema, scabs, and flaking No histopathology data available
of skin in *all males
Examined, but not reported
Slight, sporadic erythema
and flaking only in treated
males
Slight erythema and flaking. Trace epidermal thickening and chronic
inflammation of superficial epidermis in
Mean erythema grade 0.3.
8/15
Mean CDSb score 0.2.
Both 0.0 in controls
None
Sham controls (water applied to skin) and
treated: Slight epidermal thickening
and chronic inflammation
Very slight erythema in 2/10, No remarkable differences
desquamation in 1/10

87.3a None

Visible dermal irritation

SDHPD

Name of
Sample
BW

Males

Table A-1. Mean final body weight (BW) of the group treated with the highest dose of test material (expressed as percent of sham-treated controls), dermal irritation reported during
the biophase, and histopathological observations of treated skin.
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Table A-2. Viscosity (SUS at 100 F) and mean values for selected endpoints, expressed as percent of the mean value for the sham-treated
control group in the same dermal study. Data for groups treated with the highest dose of a given sample are shown.
Sample
Males
S-461
S-142
S-141
S-150
WOLCCD
WOULSDF
S-300
SDHPD
S-335
S-345
Females
S-461
S-142
S-141
S-150
WOLCCD
WOULSDF
S-300
SDHPD
S-335
S-345

SUS at 100 F

Body Weight

Liver Weight

Liver Weight/Body Weight

Thymus Weight

Platelets

Hb

80
100
106
161
190
190
290
530
640
2,550

88.4a
88.5a
101.6
90.2a
96.7
98.3
98.1
87.3c
99.7
93.1

106.4
104.2
118.6a
94.5
97.9
97.9
105.5
90.5a
101.5
94.2

120.4a
118.0a
116.7a
104.9a
101.9
99.4
107.6
103.4
101.7
101.0

74.2
85.6
100.0
75.7a
98.9
94.5
105.7
81.5
105.5
100.0

104.4
102.5
NDb
ND
107.9
102.1
ND
87.1a
ND
ND

102.5
95.1a
98.2
101.2
100.7
98.7
98.8
103.8
101.8
101.2

80
100
106
161
190
190
290
530
640
2,550

89.0a
99.6
94.8
98.4
96.1
94.3
98.0
100.0
99.2
96.4

99.4
121.3a
108.0
114.1a
105.3
106.6
109.7
112.0a
107.2
107.6

111.1
121.4a
113.9a
115.9a
109.7
113.1a
111.8a
112.3c
108.3a
111.2a

76.3
104.9
90.9
98.1
104.1
97.7
106.1
130.2
93.5
83.9

96.2
114.8
ND
ND
98.8
107.9
ND
96.4
ND
ND

102.0
99.4
102.5
101.2
99.3
101.3
100.6
98.8
100.0
101.2

a) Values for treated group were statistically significantly different from sham-treated controls (p <0.05).
b) ND indicates no data.
c) Values for treated group were statistically significantly different from sham-treated controls (p <0.01).
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0.1
3.0 + 0.3
7.69 + 1.04
2.57 + 0.57
2.57 + 0.66
0.5
3.2 + 0.2
8.23 + 1.34
2.41 + 0.54
2.40 + 0.54
0.3
3.0 + 0.1
8.19 + 0.92
0.118 + 0.010a
2.03 + 0.43
2.05 + 0.48

0.0
3.3 + 0.3
8.73 + 1.00
2.57 + 0.65
2.72 + 0.55

0.0
3.0 + 0.2
8.16 + 0.58
0.167 + 0.041
2.19 + 0.38b
2.20 + 0.35b

200

0.0
3.3 + 0.3
8.32 + 1.56
2.86 + 0.72
2.74 + 0.79

0

1.1
2.8 +
7.59 +
0.156 +
2.01 +
2.01 +

1.7
3.1 +
7.57 +
2.13 +
2.10 +

2.0
3.1 +
8.42 +
2.32 +
2.38 +

0.2
1.28
0.068
0.48
0.38

0.2
0.68
1.10
1.12

0.2
1.56
0.52
0.50

1,000

1.2
2.6 +
6.52 +
0.138 +
1.77 +
1.43 +

3.1
2.8 +
7.36 +
1.50 +
1.42 +

2.6
2.7 +
7.07 +
1.23 +
1.21 +

0.3a
1.19a
0.019
0.57
0.68

0.2a
0.87
0.80
0.75a

0.2a
0.96
0.83a
0.79a

2,000

0.0
3.0 +
7.64 +
0.113 +
0.120 +
0.117 +

0.0
3.2 +
8.59 +
0.150 +
0.141 +

0.0
3.2 +
8.00 +
0.165 +
0.160 +

0

0.2
0.88
0.011
0.033
0.037

0.3
1.10
0.042
0.029

0.2
0.62
0.049
0.046

0.6
3.1 +
7.48 +
0.123 +
0.115 +
0.104 +

0.4
3.3 +
8.31 +
0.131 +
0.148 +

0.4
3.3 +
8.25 +
0.193 +
0.197 +

200

0.2
1.02
0.022
0.019
0.009

0.3
0.79
0.038
0.018

0.2
1.80
0.056
0.067

1,000

1.2
2.9 + 0.4
6.59 + 1.10
0.133 + 0.019
0.118 + 0.012
0.122 + 0.027

2.0
2.9 + 0.3
7.19 + 0.89a
0.130 + 0.030
0.134 + 0.47

2.2
2.7 + 0.2a
6.85 + 0.58a
0.099 + 0.019a
0.114 + 0.042

Females

1.7
2.6 +
6.67 +
0.180 +
0.121 +
0.128 +

3.2
2.7 +
7.38 +
0.100 +
0.105 +

3.1
2.5 +
7.03 +
0.108 +
0.097 +

0.2a
1.32
0.027a
0.062
0.046

0.2a
0.63
0.030
0.040

0.2a
0.61a
0.035
0.023a

2,000

a) Significantly different from sham-treated controls (p < 0.5).
b) Mean and SD are for only four males. Testicular weights from the fifth male were reported as *8.5 g, but no related comments on abnormal gross appearance or histopathology for this male were reported.
The validity of the reported weights was therefore suspect.

API 83-12
MIS
BW
Heart
Right testis or ovary
Left testis or ovary
API 84-01
MIS
BW
Heart
Right testis or ovary
Left testis or ovary
API 83-15
MIS
BW
Heart
Right adrenal
Right testis or ovary
Left testis or ovary

Sample and endpoint

Males

Table A-3. Mean irritation score (MIS), final body weight (BW in kg), and selected organ weights (g) in groups treated dermally with three API samples (mean + SD).

Dalbey et al

133S

Acknowledgments
The authors would like to thank Chris Sexsmith for quality assurance
support. WIL Research Laboratories performed the 90-day and developmental toxicity studies on SDHPD; Dr Patrick Crittenden and
Dr Adam Kuhl were the respective study directors. Dr Mark Nicolich
was instrumental in the development of the PAC models and calculated the PDR10s provided here. Chris D’Aleo was the study director
on the acute oral and dermal studies. Dr George Cruzan was the study
director for the subchronic studies on S-141, S-142, S-150, S-300,
S-335, and S-345. Dr Maureen Feuston was the study director for the
subchronic, developmental (oral and dermal), and reproduction studies with S-461 as well as the developmental toxicity study on S-141.
Dr Angela Burke was the study director on the subchronic studies on
LCCD and ULSDF. Dr Vincent Piccirillo was the study director on the
subchronic studies with API 83-12, API 83-15, and API 84-01. Jeffrey
Charlap was the study director on the developmental toxicity studies
with LCCD and ULSDF. Gary Trimmer was the study director on the
subchronic studies with 87-099 through 87-103. Fred Whitman was
the study director on acute inhalation studies with 87-099, 87-101, and
87-102.

Declaration of Conflicting Interests
The author(s) declared the following potential conflicts of interest
with respect to the research, authorship, and/or publication of this
article. Potential conflicts of interest exist. The authors of this paper
are or were employed by companies that manufacture petroleum products or are contractors working on behalf of the petroleum industry
HPV program.

Funding
The author(s) disclosed receipt of the following financial support for
the research, authorship and/or publication of this article: This project
was sponsored and funded by the Petroleum HPV Testing Group
(PHPVTG), an unincorporated group of manufacturers affiliated by
contractual obligation to fund a voluntary data disclosure and toxicity
testing program on certain petroleum-related chemical substances in
response to EPA’s HPV Challenge Program. The American Petroleum
Institute (API) manages the PHPVTG’s activities.

References
1. US EPA. Data Collection and Development on High Production
Volume (HPV) Chemicals. Federal Register. 2000;65 (248):
81686.
2. Blackburn G, Deitch R, Schreiner C, Mackerer C. Predicting
tumorigenicity of petroleum distillation fractions using a modified Salmonella mutagenicity assay. Cell Biol Toxicol. 1986;2(1):
63-84.
3. IARC (International Agency for Research on Cancer). IARC
Monographs on the evaluation of the carcinogenic risk of chemicals to humans, Volume 33: Polynuclear aromatic hydrocarbons,
part 2, carbon blacks, mineral oils (lubricant basestocks and
derived products) and some nitroarenes. Lyon: International
Agency for Research on Cancer; 1984.
4. Roy T, Johnson S, Blackburn G, Mackerer C. Correlation of
mutagenic and dermal carcinogenic activities of mineral oils with
polycyclic aromatic content. Fundam Appl Toxicol. 1988;10(3):
466-476.

5. Roy TA, Blackburn GR, Mackerer CR. Evaluation of physicochemical factors affecting dermal penetration and carcinogenic
potency of mineral oils containing polycyclic aromatic compounds. Polycyclic Aromatic Compounds. 1996;10(1/4):333-342.
6. Blackburn GR, Roy TA, Bleicher WT, Reddy VM, Mackerer CR.
Comparison of biological and chemical predictors of dermal carcinogenicity of petroleum oils. Polycyclic Aromatic Hydrocarbons. 1996;11(1/4):201-208.
7. CONCAWE. The use of the dimethyl sulphoxide (DMSO) extract
by the IP 346 method as an indicator of the carcinogenicity of
lubricant basestocks and distillate aromatic extracts. Report No.
94/51, Brussels; 1994.
8. CONCAWE. Lubricating Oil Basestocks. Product Dossier No.
97/108, Brussels; 1997.
9. SCF (Scientific Committee for Food). Opinion on mineral and
synthetic hydrocarbons (expressed on 22 September 1995) CS/
ADD/MsAd/132-Final, Brussels, European Commission; 1995.
10. JECFA (FAO/WHO Joint Expert Committee on Food Additives).
Toxicological evaluation of certain food additives and contaminants. Prepared by the 44th meeting of the Joint FAO/WHO
Expert Committee on Food Additives (JECFA). Geneva: WHO
Food Additives Series 35; 1996.
11. European Union. Commission Directive 94/69/EC of 19
December 1994 adapting to technical progress for the 21st time
Council Directive 67/548/EEC on the approximation of the laws,
regulations and administrative provisions relating to the classification, packaging and labeling of dangerous substances. Official
J European Communities. No. L381, 31.12; 1994.
12. IP (Institute of Petroleum). Methods for Analysis and Testing, IP
346/92. Determination of polycyclic aromatics in unused lubricating base oils and asphaltene free petroleum fractions –
Dimethyl sulphoxide extraction refractive index method. London:
IP (Institute of Petroleum); 2004.
13. Blackburn G, Deitch R, Schreiner C, Mehlman M, Mackerer C.
Estimation of the dermal carcinogenic activity of petroleum fractions using a modified Ames assay. Cell Biol Toxicol. 1984;1(1):
67-80.
14. ASTM (American Society for Testing and Materials). E1687-10,
Standard test method for determining carcinogenic potential of
virgin base oils in metal working fluids. West Conshohocken, PA:
ASTM; 2010.
15. Beck L, Hepler D, Hansen K. The acute toxicology of selected
petroleum hydrocarbons. In: MacFarland H, Holdsworth C,
MacGregor J, Call R, Kane M, eds. The Toxicology of Petroleum
Hydrocarbons. Washington DC: American Petroleum Institute;
1982:1-12.
16. Nash JF, Gettings SD, Diembeck W, Chudowski M, Kraus AL. A
toxicological review of topical exposure to white mineral oils.
Food Chem Toxicol. 1996;34(2):213-25.
17. Nicolich M, Simpson B, Murray J, Roth R, Gray T. The development of statistical models to determine the relationship
between the aromatic ring class content and repeat-dose and
developmental toxicities of high boiling petroleum substances.
Regul Toxicol Pharmacol. 2013;67(2 suppl):S10-S29.
18. Murray FJ, Roth RN, Nicolich MJ, Gray TM, Simpson BJ. The
relationship between developmental toxicity and aromatic ring

Downloaded from ijt.sagepub.com by guest on March 6, 2014

134S

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

International Journal of Toxicology 33(Supplement 1)

class content of high boiling petroleum substances. Regul Toxicol
Pharmacol. 2013;67(2 suppl):S46-S59.
Roth R, Simpson B, Nicolich M, Murray R, Gray T. The relationship between repeat dose toxicity and the aromatic ring class
content of high boiling petroleum substances. Regul Toxicol
Pharmacol. 2013;67(2 suppl):S30-S45.
Feuston MH, Low LK, Hamilton CE, Mackerer CR. Correlation
of systemic and developmental toxicities with chemical component classes of refinery streams. Fundam Appl Toxicol. 1994;
22(4):622-630.
Kane ML, Ladov EN, Holdsworth CE, Weaver NK. Toxicological characteristics of refinery streams used to manufacture lubricating oils. Amer J Ind Med. 1984;5(3):183-200.
PHPVTG (Petroleum HPV Testing Group). High Production Volume (HPV) Chemical Challenge Program. Lubricating Oil Basestocks Category Assessment Document. U.S. Environmental
Protection Agency; 2011. http://www.petroleumhpv.org/pages/
lubeoils.html. Accessed on January 15, 2012.
Roy T, Johnson S, Blackburn G, et al. Estimation of mutagenic
and dermal carcinogenic activities of petroleum fractions based
on polynuclear aromatic hydrocarbon content. In: Cooke M,
Dennis A, eds. Polynuclear Aromatic Hydrocarbons: A Decade
of Progress. 10th International Symposium. Columbus, Ohio:
Battelle Press; 1985;809-824.
Gray T, Simpson B, Nicolich M, et al. Assessing the mammalian
toxicity of high boiling petroleum substances under the rubric of the
HPV program. Regul Toxicol Pharmacol. 2013;67(2 suppl):S4-S9.
Draize JH, Woodard G, Calery HO. Methods for the study of irritation and toxicity of substances applied topically to the skin and
mucous membranes. J Pharmacol Exp Ther. 1944;82(3):377-390.
Salewski E. Farbemethodezummakroskopischenmachweis von
implantationsstellen am uterus der ratte [Staining method for a
macroscopic test for implantation sites in the uterus of the rat].
NaunymSchmiedebergs Arch Pathol Exp Pharmacol. 1964;247:
367.
Stuckhardt J, Poppe S. Fresh visceral examination of rat and
rabbit fetuses used in teratogenicity testing. Teratog Carcinog
Mutagen. 1984;4(2):181-188.
Woo D, Hoar R. Apparent hydronephrosis as a normal aspect of
renal development in late gestation of rats: The effect of methyl
salicylate. Teratol. 1972;6(2):191-196.
Wilson J. Embryological Considerations in Teratology. In:
Wilson J, Warkany J, eds. Teratology: Principles and Techniques.
Chicago, IL: The University of Chicago Press; 1965:251-277.
Inouye M. Differential staining of cartilage and bone in fetal
mouse skeleton by Alcian blue and Alizarin red S. Congenital
Anomalies. 1976;16(3):171-173.
US EPA. High Production Volume (HPV) Challenge. OECD SIDS
Manual Sections 3.4 and 3.5. http://www.epa.gov/hpv/pubs/general/sidsappb.htm. 2010. Accessed on November 3, 1998.
Dalbey W, Whitman F, Amoruso M. Classification of aerosolized
mineral base oils under the globally harmonized system of classification and labeling of chemicals (GHS). Toxicologist. 2008:
102(1):221.
PHPVTG (Petroleum HPV Testing Group). High Production Volume
(HPV) Chemical Challenge Program. Heavy Fuel Oils Category

34.

35.

36.

37.

38.

39.

40.
41.

42.

43.
44.

45.

46.
47.

48.

49.

Assessment Document. U.S. Environmental Protection Agency;
2011. http://www.petroleumhpv.org/pages/heavyfuels.html.
Accessed on April 12, 2012.
Feuston M, Hamilton C, Mackerer C. Systemic and developmental toxicity of dermally applied distillate aromatic extract in rats.
Fundam Appl Toxicol. 1996;30(2):276-284.
PHPTG (Petroleum HP Testing Group). High Production Volume
(HPV) Chemical Challenge Program. Aromatic Extracts Category Assessment Document. U.S. Environmental Protection
Agency; 2012. http://www.petroleumhpv.org/pages/aromaticextracts.html. Accessed on May 12, 2012.
Feuston MH, Hamilton CE, Mackerer CR. Oral and dermal
administration of clarified slurry oil to male C3H mice. Internat
J Toxicol. 1997;16:561-570.
McKee RH, Kapp RW, Jr., Ward DP. Evaluation of the systemic
toxicity of coal liquefaction-derived materials following
repeated dermal exposure in the rabbit. J Appl Toxicol. 1985;
5(6):345-351.
Dalbey W, Osimitz T, Kommineni C, Roy T, Feuston M, Yang J.
Four-week inhalation exposures of rats to aerosols of three lubricant base oils. J Appl Toxicol. 1991;11(4):297-302.
Whitman FT, Freeman JJ, Infurna RN, Phillips RD. Evaluation of
the acute and subacute inhalation toxicity of lubricating oil mists.
The Toxicologist. 1989;9:143.
Dalbey WE, Biles RW. Respiratory toxicology of mineral oils in
laboratory animals. Appl Occup Environ Hyg. 2003;18:921-929.
Baldwin MK, Berry PH, Esdaile DJ, et al. Feeding studies in rats
with mineral hydrocarbon food grade white oils. Toxicol Pathol.
1992;20(3, Part 1):426-435.
Smith JH, Mallett AK, Priston RAJ, et al. Ninety-day feeding study
in Fischer-344 rats of highly refined petroleum-derived food-grade
white oils and waxes. Toxicol Pathol. 1996;24(2):214-230.
Bird MG, Lewis SC, Freeman JJ, et al. Subchronic feeding study of
white mineral oils in rats and dogs. Toxicologist 1990;10(1):143.
Firriolo JM, Morris CF, Trimmer GW, et al. Comparative 90-day
feeding study with low-viscosity white mineral oil in Fischer-344
and Sprague-Dawley-derived CRL:CD rats. Toxicologic Pathol.
1995;23(1):26-33.
Miller MJ, Lonardo EC, Greer RD, et al. Variable responses of
species and strains to white mineral oils and paraffin waxes. Regul
Toxicol Pharmacol. 1996;23:55-68.
Albro PW, Fishbein L. Absorption of aliphatic hydrocarbons by
rats. Biochem Biophys Acta. 1970;219:437-446.
Halladay JS, Mackerer CR, Twerdok LE, Sipes IG. Comparative
pharmacokinetic and disposition studies of [1- 14 C]
1-eicosanylcyclohexane, a surrogate mineral hydrocarbon, in
female Fischer-344 and Sprague-Dawley rats. Drug Metab
Disposition. 2002;30(12):1470-1477.
JECFA (FAO/WHO Joint Expert Committee on Food Additives).
Toxicological evaluation of certain food additives and contaminants. prepared by the 59th meeting of the joint FAO/WHO expert
committee on food additives (JECFA). Geneva: WHO Food
Additives Series; 2002.
Scotter MJ, Castle L, Massey RC, Brantom PG, Cunninghame
ME. A study of the toxicity of five mineral hydrocarbon waxes
and oils in the F344 rat, with histological examination and tissue-

Downloaded from ijt.sagepub.com by guest on March 6, 2014

Dalbey et al

50.

51.

52.

53.

54.

55.

56.

57.

135S

specific chemical characterization of accumulated hydrocarbon
material. Food Chem. Toxicol. 2003;41(4):489-521.
Carlton WW, Boitnott JK, Dungworth DL, et al. Assessment of
the morphology and significance of the lymph nodal and hepatic
lesions produced in rats by the feeding of certain mineral oils and
waxes. Exp Toxic Pathol. 2001;53(4):247-255.
ECETOC (European Centre for Ecotoxicology and Toxicology of
Chemicals). Recognition of, and differentiation between, adverse
and non-adverse effects in toxicology studies. Technical Report
No. 85. ISSN-0773-6347-85. Brussels: ECETOC; 2002.
Gamallo A, Villanua A, Trancho G, Fraile A. Stress adaptation
and adrenal activity in isolated and crowded rats. Physiol Behavior. 1986:36(2);217-221.
Ulrich-Lai Y, Figueiredo H, Ostrander M, Choi DC, Engeland
WC, Herman JP. Chronic stress induces adrenal hyperplasia and
hypertrophy in a sub-region specific manner. Amer J Physiol
Endocrinol Metab. 2006:291(5);E965-E973.
Schreiner C, Bui Q, Breglia R, et al. Toxicity evaluation of petroleum blending streams: reproductive and developmental effects of
hydrodesulfurized kerosine. J Toxicol Environ Health. 1997;
52(3):211-229.
McKee RH, Pasternak SJ, Traul KA. Developmental toxicity
of EDS recycle solvent and fuel oil. Toxicol. 1987;46(2):
205-215.
Murray FJ, Gray TM, Roberts LG, Roth RN, Nicolich MJ, Simpson BJ. Evaluating the male and female reproductive toxicity of
high-boiling petroleum substances. Regul Toxicol Pharmacol.
2013;67(2 suppl):S60-S74.
Feuston MH, Hamilton CE, Mackerer CR. Systemic and developmental toxicity of dermally applied syntower bottoms in rats.
Fundam Appl Toxicol. 1997;35(2):166-176.

58. Hoberman A, Christian M, Lovre S, Roth R, Koschier F. Developmental toxicity study of clarified slurry oil (CSO) in the rat.
Fundam Appl Toxicol. 1995;28(1):34-40.
59. Hoberman A, Christian M, Roth R, Lovre S, Koschier F. Reproductive toxicity study of clarified slurry oil in the rat. J Amer Coll
Toxicol. 1995;14(2):119-128.
60. Speight JG. The Chemistry and Technology of Petroleum. Marcel
Decker, NY: CRC press; 1980:117.
61. Craig PH. Skin carcinogenicity bioassays of petroleum refinery
streams: Issues of interpretation. In: Slaga T, Klein-Szanto A,
Boutwell R, Stevenson D, Spitzer H, D’Motto B, eds. Skin Carcinogenesis: Mechanisms and Human Relevance. New York, NY:
Alan R. Liss, Inc.; 1989:381-391.
62. McKee R, Daughtrey W, Freeman J, Federici T, Phillips R,
Plutnick R. The dermal carcinogenic potential of unrefined and
hydrotreated lubricating oils. J Appl Toxicol. 1989;9(4):
265-270.
63. Lewis SC, King RW, Cragg ST, Hillman DW. Skin carcinogenic
potential of petroleum hydrocarbons: Crude oil, distillate fractions and chemical class subfractions. In: MacFarland HN, Holdsworth CE, MacGregor JA, Call RW, Lane ML, eds. Applied
Toxicology of Petroleum Hydrocarbons. Princeton, NJ: Princeton
Scientific Publishers, Inc.; 1984:139-150.
64. McKee RH, Lewis SC. Evaluation of the dermal carcinogenic
potential of liquids produced from the Cold Lake heavy oil deposits of Northeast Alberta. Can J Physiol Pharmacol. 1987;65(8):
1793-1797.
65. PHPVTG (Petroleum HPV Testing Group). High Production volume (HPV) Chemical Challenge Program. Waxes and Related
Materials Category Assessment Document. Submitted to the U.S.
Environmental Protection Agency; 2011. Accessed on June 5, 2011.

Downloaded from ijt.sagepub.com by guest on March 6, 2014

