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1. General Information
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1.1.1 GENERAL SUBSTANCE INFORMATION

Substance type
Physical status
Remark

:
:

Petroleum product
Liquid
The Gas Oils category includes both finished products (distillate fuels) and
refinery streams. The distillate fuels covered in this category are used
primarily as heating oils and as fuels in compression-ignition engines.
Because they are manufactured to meet performance specification limits
(and not specific chemical compositions), the chemical compositions of
distillate fuels can vary since products with the desired fuel properties can
be formulated in a number of ways. Distillate fuels are distinguished from
each other based primarily on their boiling point ranges, aromatic content,
and uses. However, whether straight run or blended, distillate fuels are
produced to meet the ASTM specifications for either Fuel Oils (ASTM D396)
or Diesel Fuel Oils (ASTM D975). The ASTM specification for diesel fuels
limits the aromatic content low sulfur No. 2 diesel fuels to a maximum 35%
by volume.
The boiling range of No. 2 Diesel Fuel [CAS RN 68476-34-6 or 68334-30-5]
and No. 2 Fuel Oil [CAS RN 68476-30-2] are limited to a maximum T90 of
338 °C (640 °F). That specification essentially limits the aromatics to 1, 2,
or 3-ring compounds. Four-ring aromatic compounds are theoretically
possible, but are rarely found in commercial on-road diesel fuel [see Tables
1-3 in Gas Oils CAD] This is not the case with Fuel oil No. 4 [CAS RN
68476-31-3] which does not have a specification for boiling range and could
contain higher levels of aromatics with 4+ rings.
Gas oils are produced either by atmospheric distillation or by secondary
processing of the materials derived from the vacuum distillation of the
residuum from the atmospheric distillation of crude oil. Materials from this
secondary processing may have higher aromatic and olefin contents than
straight run gas oils. Distillate fractions that require only minor or no
additional processing are known as “straight run” gas oils. The distillate
fuels may be straight run or a blend of various gas oil streams (both straight
run and cracked). Historically, straight-run gas oils are the major
components of the distillate fuels, but rising demand has made it necessary
to use increasing volumes of streams derived from the secondary
processing of heavier fractions. Cracking is a process that breaks
(“cracks”) the heavier, higher boiling petroleum streams produced by
atmospheric or vacuum distillation into lighter molecular weight materials
such as gasoline, diesel fuel, jet fuel and kerosene. Thermal cracking uses
heat to break molecular bonds and catalytic cracking uses a catalyst and
heat to facilitate the cracking process.
The UVCB substances in the Gas Oils Category boil over a range of
approximately 300 to 880ºF (150 to 471ºC) and are composed primarily of
saturated and/or aromatic hydrocarbons with carbon numbers ranging from
C9 to C30. Gas oils contain straight and branched chain alkanes (paraffins,
and cycloparaffins), cycloalkanes (naphthenes), aromatic hydrocarbons and
mixed aromatic cycloalkanes. As the boiling ranges of the fractions
increase, the levels of polycyclic aromatic compounds (PACs),
polycycloparaffins and heteroatoms (Nitrogen, Oxygen, and Sulfur)
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increase, while the levels of paraffins decrease. Most commercial gas oils
contain PACs. In light straight-run gas oils these are mainly 2 and 3-ring
aromatic compounds, with much lower levels of PACs with 4 or more rings.
The heavier atmospheric, vacuum or cracked gas oil components may
contain increased levels of PACs with 4 or more rings, some of which are
carcinogenic. In general terms, petroleum streams from thermal or catalytic
cracking processes have higher PAC content than straight-run distillation
fractions or streams derived from other non-cracking processes (i.e.,
hydrotreating). However, because of the ASTM specifications for No. 2
Diesel Fuel and No. 2 Fuel Oil the aromatic constituents in these finished
products are effectively limited to PACs with 1, 2 or 3 rings.
The materials included in the Gas Oils category are related from both
process and physical-chemical perspectives;
 The saturated and aromatic hydrocarbon content of the category
members forms a continuum from high saturate content to high
aromatic content;
 Key parameters when analyzing this category for environmental
hazards are the carbon range and distribution of aromatic and
saturated hydrocarbons, and for some mammalian endpoints
(repeated-dose, developmental, and mutagenic) the content and
distribution of PAC are important.

1.13

REVIEWS

Memo

:

CONCAWE

Remark

:

CONCAWE has summarized the available health effects data and also
data on environmental effects in a non-critical review.
(44)

Memo

:

ATSDR

Remark

:

ATSDR published a toxicology review on fuel oils.
(40)

Memo

:

IARC

Remark

:

IARC reviewed the available data on distillate fuels and assessed the
strength of evidence that the fuels were a carcinogenic risk to man and
animals.
The conclusions of the IARC review were:
Marine diesel fuel is possibly carcinogenic to humans (Group 2B)
Distillate (light) diesel fuels are not classifiable as to their carcinogenicity to
humans (Group 3)
Distillate (light) fuel oils are not classifiable as to their carcinogenicity to
humans (Group 3)
(54)
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2.1

MELTING POINT

Method
GLP

:
:

ASTM D97
No data

Remark

:

Melting point is the temperature at which a solid becomes a liquid at normal
atmospheric pressure. For complex mixtures like petroleum products,
melting point may be characterized by a range of temperatures reflecting
the melting points of the individual components. To better describe phase
or flow characteristics of petroleum products, the pour point is routinely
used. The pour point is the lowest temperature at which movement of the
test specimen is observed under prescribed conditions of the test (ASTM
1999). The pour point methodology also measures a "no-flow" point,
defined as the temperature of the test specimen at which a wax crystal
structure and/or viscosity increase such that movement of the surface of
the test specimen is impeded under the conditions of the test (ASTM
1999). Because not all petroleum products contain wax in their
composition, the pour point determination encompasses change in physical
state (i.e., crystal formation) and/or viscosity property.

Result

:

The following pour point data reflect characteristic values for high aromatic
gas oils. Values typical for high saturate gas oils will be similar to those of
the distillate fuels, which generally fall into the high saturate subcategory.
However, the pour point values of some distillate fuels may be lower than a
corresponding gas oil due to the addition of additives designed to lower the
fuel's pour point.
Light Cat-Cracked Distillate
(CAS No 64741-59-9)
Sample

Reliability

:

Sublimation
Method
Year
GLP
Test substance

:
:
:
:
:

Remark

:

Pour
point Method
Ref
(°C)
API 83-07
-12
ASTM D97
API 1987
API 83-08
-15
ASTM D97
API 1987
(2) valid with restrictions
Results of standard method testing was reported in a reliable review
dossier and reference database.
(30) (38)

other: ASTM D97
no data
other TS: Middle distillate fuels
By definition, melting point is the temperature at which a
solid becomes a liquid at normal atmospheric pressure. For
complex mixtures like petroleum products, melting point may
be characterized by a range of temperatures reflecting the
melting points of the individual components. To better
describe phase or flow characteristics of petroleum
products, the pour point is routinely used. The pour point
is the lowest temperature at which movement of the test
specimen is observed under prescribed conditions of the test
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Result

:

Reliability

:

(ASTM 1999). The pour point methodology also measures a
"no-flow" point, defined as the temperature of the test
specimen at which a wax crystal structure and/or viscosity
increase such that movement of the surface of the test
specimen is impeded under the conditions of the test (ASTM
1999). Because not all petroleum products contain wax in
their composition, the pour point determination encompasses
change in physical state (i.e., crystal formation) and/or
viscosity property.
Pour
Sample
Point Method
Ref.
(°C)
Automotive Gas Oil
-5
ASTM D97
Concawe 1996
Heating Oil
0
ASTM D97
Concawe 1996
Distillate Marine Fuel
-6
ASTM D97
Concawe 1996
Diesel Fuel Oil (2002)
-50
ASTM D97
Jokuty et al. 2002
Diesel Fuel Oil (Alaska)
-36
ASTM D97
Jokuty et al. 2002
Diesel Fuel Oil (Canada)
-30
ASTM D97
Jokuty et al. 2002
Diesel Fuel Oil (Southern USA)
-14
ASTM D97
Joku
(2) valid with restrictions
Results of standard method testing was reported in a
reliable review dossier and reference database.
(81) (100)

2.2

BOILING POINT

Method
GLP

:
:

Result

:

ASTM D86
No data

Sample

Reliability

:

Boiling
Range °C

Method

Ref.

Predominantly aromatics
Light Cat-Cracked Distillate (CAS No 64741-59-9)
API 83-07
240-372
ASTM D86
API 83-08
185-351
ASTM D86

API 1987
API 1987

Predominantly saturates
Hydrodesulfurized Gas Oil (CAS No. 64742-80-9)
API 81-09
261-301
ASTM D86
API 81-10
172-344
ASTM D86

API 1987
API 1987

Straight-Run Gas Oil (CAS No. 64741-44-2)
API 83-11
185-391
ASTM D86
API 1987
(2) valid with restrictions
Results of standard method testing were reported in a reliable review
dossier and a reference database.
(30)
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Decomposition
Method
Year
GLP
Test substance

:
:
:
:
:

Result

:

Reliability

:

other: ASTM D86
no data
other TS: Middle distillate fuels
Boiling
Sample
Range
Method
Ref.
(°C)
Automotive Gas Oil
160-390
ASTM D86
Concawe 1996
Heating Oil
160-400
ASTM D86
Concawe 1996
Distillate Marine Fuel
170-420
ASTM D86
Concawe 1996
Diesel Fuel Oil (Alaska)
141-320
ASTM D86
Jokuty et al. 2002
Diesel Fuel Oil (Canada)
246-388
ASTM D86
Jokuty et al. 2002
Diesel Fuel Oil (USA)
174-352
ASTM D86
Jokuty et a
(2) valid with restrictions
Results of standard method testing was reported in a
reliable review dossier and reference database.

24.06.2003
2.4

(81) (100)

VAPOUR PRESSURE

Value
Decomposition
Method
Year
GLP
Test substance

:
:
:
:
:
:

Remark

:

Result

:

at 40 °C
other (calculated): ASTM D2889
no data
other TS: Middle distillate fuels
Gas oils consist of complex mixtures of various hydrocarbon
compounds having diverse structures represented by
paraffins, olefins, naphthenes, and aromatics. Molecular
weights of these hydrocarbons range between C9 to C30
(CONCAWE 1996; CONCAWE 2001). Although individual
hydrocarbon constituents in gas oil exert their own vapor
pressures, the vapor pressure of the mixture is the sum of
the individual partial pressures of the components. The
values given above are considered to be representative of
the general category of gas oils.
Vapor Pressures
Method
Ref.
(kPa)
Automotive Gas Oil:
0.4 (approx.) ASTM D2889 Concawe 1996
Heating Oil:
0.4 (approx.) ASTM D2889 Concawe 1996
Diesel Fuel Canada:
2
ASTM D323
Jokuty et al. 2002
Fuel Oil No. 2:
2
ASTM D323
Jokuty et a
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Reliability

:

(2) valid with restrictions
(81) (82) (100)

PHYSICAL-CHEMICAL SIDS
VAPOR PRESSURE
Category: GAS OILS
Category Chemical:

gas oils, various CAS RN

Test Substance:

gas oils, various CAS RN

Test Substance
Purity/Composition and
Other Test Substance
Comments:
Category Chemical
Result Type:

Estimated by calculation

Test Substance Result
Type:

Estimated

RESULTS
Vapor Pressure Input type:
Vapor Pressure Value :

Value or Range? Values are given for individual gas oil constituent
hydrocarbons.
Pressure: @ Temperature: 25°C

Representative gas oil
constituent
Paraffins

Cnum

VP, Pa

n-nonane
iso-nonane
n-pentadecane
iso-pentadecane
n-triacontane
iso-triacontane

9
9
15
15
30
30

593*
828*
0.457*
5.81
0.000046
0.000016

propylcyclohexane
bicyclo[4.3.0]nonane
nonylcyclohexane
9-hexylbicyclo[4.3.0]nonane
tetracosylcyclohexane
9-henicosylbicyclo[4.3.0]nonane

9
9
15
15
30
30

558*
320
0.331*
2.57
0.0000059
0.0000053

9
9
15
15
30
30

720*
456
0.605*
2.33
0.0000095
0.0000048

9
10
15
15
30

456*
11.3*
0.761*
0.053
0.00000089

Naphthenes

Olefins

1-nonene
bicyclo[4.3.0]non-3-ene
1-pentadecene
9-hexylbicyclo[4.3.0]non-3-ene
1-triacontene
9-henicosylbicyclo[4.3.0]non-3-ene

Aromatic

propylbenzene
naphthalene
nonylbenzene
butylnaphthalene
tetracosylbenzene
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icosylnaphthalene

30

0.00000013

Vapor pressure values are given for various paraffinic, naphthenic, olefinic, and
aromatic hydrocarbons having carbon numbers from C9 to C30, which span
the principal hydrocarbon constituents contained in gas oils.

Results Remarks:

Calculated vapor pressures were determined using EPI-Suite V3.10, MPBPWIN
V1.40 (EPA, 2000). Values in the above table that were cited in the MPBPWIN
experimental database are denoted by “*”.
The vapor pressure of an automotive gas oil and a heating oil were described
by CONCAWE (1995) as being ca 0.4 kPa at 40°C, which falls within the range
for various individual constituent hydrocarbons in the above table. The
reference for the measurements were not cited in the CONCAWE dossier and
no substantiation of the values could be located. Therefore, the reliability of
those values could not be assigned.

STUDY/METHOD
Key Study Sponsor
Indicator:
Year Study Performed:
Method/Guideline
Followed:

Subroutine MPBPWIN V1.40 in EPI-Suite V3.10.

Method/Guideline and
Test Condition Remarks:
GLP:

No

Study Reference:

U.S. EPA. 2000. EPI (Estimation Programs Interface) Suite, V3.10. U.S.
Environmental Protection Agency, Office of Pollution Prevention and Toxics,
Washington, DC.

RELIABILITY/DATA QUALITY
Reliability:

(2) Reliable with restrictions

Reliability Remarks:

Estimated values were derived from a recognized validated computer model.

2.5 PARTITION COEFFICIENT

PHYSICAL-CHEMICAL SIDS
PARTITION COEFFICIENT
Category: GAS OILS
Category Chemical:

gas oils, various CAS RN

Test Substance:

gas oils, various CAS RN

Test Substance Purity/Composition
and
Other Test Substance Comments:
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Category Chemical Result Type:

Estimated by calculation

Test Substance Result Type:

Estimated

RESULTS
Value or Range?
Values are given for individual gas oil constituent hydrocarbons.

Partition Coefficient Input type:
Partition Coefficient Range :

Log Kow: @ Temperature: 25°C

Representative gas oil
constituent
Paraffins

Cnum

PC
(Log Kow)

n-nonane
iso-nonane
n-pentadecane
iso-pentadecane
n-triacontane
iso-triacontane

9
9
15
15
30
30

4.8
4.7
7.7
7.6
15.6
15.0

propylcyclohexane
bicyclo[4.3.0]nonane
nonylcyclohexane
9-hexylbicyclo[4.3.0]nonane
tetracosylhexane
9-henicosylbicyclo[4.3.0]nonane

9
9
15
15
30
30

4.6
3.7
7.5
6.6
14.9
13.9

9
9
15
15
30
30

5.2*
3.5
7.6
6.4
14.9
13.7

9
10
15
15
30
30

3.7*
3.3*
7.1*
5.7
13.8
13.1

Naphthenes

Olefins

1-nonene
bicyclo[4.3.0]non-3-ene
1-pentadecene
9-hexylbicyclo[4.3.0]non-3-ene
1-triacontene
9-henicosylbicyclo[4.3.0]non-3-ene

Aromatic

n-propylbenzene
naphthalene
n-nonylbenzene
butylnaphthalene
tetracosylbenzene
n-icosylnaphthalene

Calculated Log Kow were performed using EPI-Suite V3.10, KOWWIN V1.66
(EPA 2000). Values in the above table that were cited in the KOWWIN
experimental database are denoted by “*”.

Results Remarks:

Calculated partition coefficients (log Kow) are given for various paraffinic,
olefinic, naphthenic, and aromatic structures having carbon numbers from C9
to C30, which encompasses the principal carbon number range given for the
category. The values are consistent with the range of 3.9 to >6 calculated by
CONCAWE (1996) based on known kydrocarbon composition of a
hydrodesulfurized gas oil (CAS No. 64742-80-9), a straight run gas oil (CAS
No. 64741-44-2), and a light catablytic cracked gas oil (CAS No. 64741-599). These Kow estimates cover gas oil streams having both high saturate and
high aromatic fractions.

STUDY/METHOD
Key Study Sponsor Indicator:
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Year Study Performed:
Method/Guideline Followed:

Subroutine KOWWIN V1.66 in EPI-Suite V3.10

Method/Guideline and Test Condition
Remarks:
GLP:

No

Study Reference:

U.S. EPA. 2000. EPI (Estimation Programs Interface) Suite, V3.10. U.S.
Environmental Protection Agency, Office of Pollution Prevention and Toxics,
Washington, DC.

RELIABILITY/DATA QUALITY
Reliability:

(2) Reliable with restrictions

Reliability Remarks:

Estimated values were derived from a recognized validated computer model.

2.6.1

SOLUBILITY IN DIFFERENT MEDIA

Solubility in
Value
Method
Year
GLP

:
:
:
:
:

Water
< 0 .001 mg/l at 25 °C
Calculations by WSKOW V 1.40. (EPIWIN V 3.10; EPA 2001
2001
No

Remark

:

Result

:

It is predicted from solubility modeling that C9 to C30 paraffinic,
naphthenic, olefinic and aromatic hydrocarbon components of gas oils will
have approximate water solubility values of 0.1 to approximately 52 mg/l at
25 °C. As hydrocarbon chain lengths exceed C15, these compounds
become increasingly hydrophobic to the point where solubility becomes
negligible. Hydrocarbon components of gas oils in the range C16 to C30
typically have water solubility values less than 0.1 mg/l. The ultimate
solubility of a specific gas oil will depend not only on the relative
percentage of aromatic versus saturate fractions but also on the molecular
weights of those principal hydrocarbons.
Water solubility estimates
(mg/l)
No. of C atoms
C9
C15
C30
Paraffins
n2.3
<0.001 <0.001
iso2.7
<0.001 <0.001
Naphthenes
1-ring
3.4
0.004 <0.001
2-ring
19
0.26
<0.001
Olefins
straight 1.1
0.004 <0.001
cyclic
4.1
0.005 <0.001
Aromatics
1-ring
52
0.035 <0.001
2-ring
31*
0.63
<0.001
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Reliability

:

* Value given for a C10 molecule
(2) valid with restrictions
The predicted endpoint was determined using a validated computer model.
(65)

PHYS CHEM
WATER SOLUBILITY
Category: GAS OILS
Category Chemical :

Gas Oil

Test Substance :

No. 2 fuel oil

Test Substance Purity/Composition
and
Other Test Substance Comments:
Category Chemical Result Type :

measured

Test Substance Result Type :

measured

RESULTS
Water Solubility Indicator :
Water Solubility Input type:
Water Solubility value/range:
pH Value :

value
Solubility: 8.7 mg/L @ Temperature: 20 °C
Value or Lower Range:
Upper Range :

pKa - Protein Kinase:
pH Value at Saturation :
Results Remarks :

STUDY/METHOD
Key Study Sponsor Indicator :
Year Study Performed :

1974

Method/Guideline Followed :

no specific guideline cited

Method/Guideline and Test
Condition Remarks:

The water soluble fraction was prepared by placing 1 part oil over 9 parts
seawater. The container was capped to prevent volatilization, and the
mixture was slowly stirred for a period of 20 hours. The vortex did not
exceed more than 25% of the distance to the bottom of the container.
After mixing, the oil and water phases were allowed to separate for 1 to
6 hours before the water phase was siphoned off.
Total petroleum hydrocarbons (carbon tetrachloride extractable oil) in the
soluble fraction was determined by the American Petroleum Institute
method No. 733-58, with the Miran I single beam infrared analyzer
(Wlkes Scientific Instruments).

GLP :

not stated

Study Reference :

Anderson, J.W., J.M. Neff, B.A. Cox, H.E. Tatem, and G.M. Hightower.
1974. Characteristics of dispersions and water soluble extracts of crude
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and refined oils and their toxicity to estuarine crustaceans and fish. Mar.
Biol. 27:75-88.

RELIABILITY/DATA QUALITY
Reliability :

2 reliable with restrictions

Reliability Remarks :

This is a well-documented report that meets basic scientific principles.

PHYS CHEM
WATER SOLUBILITY
Category: GAS OILS
Category Chemical :

Gas oil

Test Substance :

No. 2 fuel oil

Test Substance Purity/Composition
and
Other Test Substance Comments:
Category Chemical Result Type :

measured

Test Substance Result Type :

measured

RESULTS
Water Solubility Indicator :
Water Solubility Input type:
Water Solubility Value/Range :
pH Value :

Values
Solubility: @ Temperature: 5 and 20 °C
Value or Lower Range:
Upper Range :

pKa - Protein Kinase:
pH Value at Saturation :
No. 2 fuel oil solubility measurements:
Results Remarks :

distilled water @ 5°C
distilled water @ 20°C
salt water @ 5°C
salt water @ 20°C

=
=
=
=

2.7 mg/L
3.2 mg/L
2.05 mg/L
2.5 mg/L

STUDY/METHOD
Key Study Sponsor Indicator :

Key

Year Study Performed :

1990

Method/Guideline Followed :

no specific guideline cited

Method/Guideline and Test
Condition Remarks:

Saturated solutions were prepared by adding approximately 10 mL of oil
to 50-100 mL of water in a 125-mL separatory funnel. Funnels were
gently shaken or stirred for at least 24 hours then placed in a
temperature bath for at least 48 hours prior to analysis. Care was taken
to ensure no oil-in-water emulsion formed.
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The aqueous solubilities were determined by purge-and-trap extraction
with capillary gas chromatography. A Hewlett-Packard model 5840 GC
equipped with a flame ionization detector and a 7675A purge-and-trap
sampler was used for the analyses. The analytical column was a 0.5 mm
x 50 m glass capillary column coated with SE-30 (WCOT-1, Alltech
Associates). Operating conditions were as follows: initial oven
temperature = 40°C fir 10 min; temperature programming rate 5°C/min;
final oven temperature = 200°C for 20 min.; carrier gas flow rate = 5
mL/min; and detector temperature = 300°C.
GLP :

not stated

Study Reference :

Shiu, W.Y., M. Bobra, A.M. Bobra, A. Maijanen, L. Suntio, and D. Mackay.
1990. The water solubility of crude oils and petroleum products. Oil &
Chemical Pollution. 7:57-84.

RELIABILITY/DATA QUALITY
Reliability :

2 reliable with restrictions

Reliability Remarks :

This is a well-documented report that meets basic scientific principles.
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3.1.1

PHOTODEGRADATION

FATE SIDS
PHOTODEGRADATION
Category:

GAS OILS

Category Chemical :

gas oils, various CAS RN

Test Substance :

gas oils, various CAS RN

Test Substance Purity/Composition
and
Other Test Substance Comments:
Category Chemical Result Type :

Estimated by calculation

Test Substance Result Type :

Estimated

RESULTS

Photodegradation
Result Description:

Photodegradation Input type :

Direct photolysis is not expected to be a major degradation pathway for most of the
components in gas oils. Chemicals having the potential to photolyze have UV/visible
absorption maxima in the range of 290 to 800 nm. Most hydrocarbon constituents in
this category do not show absorbance within the 290-800 range. However, where
unsaturated hydrocarbons, notably aromatic hydrocarbons are present in, or near the
surface of water, degradation by reaction with sunlight in the presence of oxygen can
be a significant removal process (CONCAWE 2001).
Constituents of gas oils that volatilize to the troposphere have the potential to
undergo gas-phase oxidation reactions with photochemically produced hydroxyl
radicals (OH), other oxygen containing radicals (e.g., NO3) and ozone (O3).
Atmospheric oxidation as a result of these types of reactions is not direct
photochemical degradation but indirect photodegradation (Schwarzenbach et al,
2003).
Value or Range?
Values given for individual gas oil constituent hydrocarbons.

Photodegradation Range :
Representative gas oil
constituent
Paraffins

Half Life :

Cnum

Half-life,
days

n-nonane
iso-nonane
n-triacontane
iso-triacontane

9
9
30
30

1.1
1.1
0.3
0.3

propylcyclohexane
bicyclo[4.3.0]nonane
tetracosylcyclohexane
9-henicosylbicyclo[4.3.0]nonane

9
9
30
30

0.8
0.8
0.2
0.3

9
9
30

0.3
0.2
0.2

Naphthenes

Olefins
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9-henicosylbicyclo[4.3.0]non-3-ene
Aromatic
propylbenzene
naphthalene
tetracosylbenzene
icosylnaphthalene

30

0.1

9
10
30
30

1.5
0.5
0.3
0.1

Rate Constant :
Photo Medium :
Temperature :

25°c

Sensitizer :

Hydroxyl radical (OH∙)

Sensitizer Concentration
and Units :

1.5 x 106 OH∙/cm3

Light Source :

N/A

Light Source Spectrum :

N/A

UV/VIS Absorption Spectrum :

N/A

Quantum Yield :

N/A

Breakdown Products Description :

N/A

Results Remarks :

It is predicted from indirect photolysis modeling of C9 and C30 paraffinic, naphthenic,
olefinic, and aromatic hydrocarbon compounds that volatile components in gas oils
will undergo moderate atmospheric oxidation and not persist in the environment.
Based on the modeled half-lives of component hydrocarbon structures, gas oils
containing primarily aromatic or saturated fractions are not expected to show
significant differences in their photodegradation characteristics.

STUDY/METHOD
Key Study Sponsor Indicator :

Key

Year Study Performed :
Method/Guideline Followed :

Subroutine AOPWIN V1.90 in EPI-Suite V3.10

Deviations from Method/Guideline :

Method/Guideline Description :

The potential to undergo indirect photodegradation was estimated using the
atmospheric oxidation potential (AOP) model subroutine (AOPWIN V1.90) of the
EPI-SuiteTM computer models (EPA, 2000). This model calculates a chemical half-life
and an overall OH radical reaction rate constant based on a 12-hour day and a given
OH radical concentration. This program also estimates the reaction rates and halflives for the reaction of olefins with O3, but as described by Atkinson (1990), these
rates tend to be substantially less than for those for the OH radical. For this reason,
only the half-lives for the reaction with the OH radical are reported for the series of
olefinic hydrocarbons selected for the AOP model.

Method/Guideline and
Test Condition Remarks :
GLP :

Study Reference :

No
U.S. EPA. 2000. EPI (Estimation Programs Interface) Suite, V3.10. U.S.
Environmental Protection Agency, Office of Pollution Prevention and
Toxics, Washington, DC.
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CONCAWE (2001) Environmental classification of petroleum substances Summary data and rationale CONCAWE, Brussels, Belgium
Atkinson, R. 1990. Gas-phase tropospheric chemistry of organic
compounds: A review. Atmos. Environ. 24A(1):1-41.
Schwarzenbach, R.P., Gschwend, P.M., and Imboden, D.M., eds. 2003.
Chapter 16: Indirect Photolysis: Reactions with Photooxidants in Natural
Waters and in the Atmosphere. In: Environmental Organic Chemistry, 2nd
Edition. John Wiley and Sons, Inc.

RELIABILITY/DATA QUALITY
Reliability :

(2) Reliable with restrictions

Reliability Remarks :

Estimated values were derived from a recognized validated computer
model.

3.1.2

STABILITY IN WATER

GLP

:

No

Remark

:

Reliability

:

Hydrolysis of an organic chemical is the transformation process in which a
water molecule or hydroxide ion reacts to form a new carbon-oxygen bond.
Chemicals that have a potential to hydrolyze include alkyl halides, amides,
carbamates, carboxylic acid esters and lactones, epoxides, phosphate
esters, and sulfonic acid esters. The chemical components found in the
materials that comprise the gas oil category are hydrocarbons that are not
subject to hydrolysis because they lack functional groups that hydrolyze.
(1) valid without restriction
(53)

3.3.1

TRANSPORT BETWEEN ENVIRONMENTAL COMPARTMENTS

FATE
TRANSPORT BETWEEN ENVIRONMENTAL COMPARTMENTS FUGACITY/DISTRIBUTION
Category Name:

GAS OILS

Category Chemical :

gas oils, various CAS RN

Test Substance :

gas oil, various CAS RN

Test Substance
Purity/Composition and
Other Test Substance
Comments:
Category Chemical
Result Type :

Estimated by calculation

Test Substance Result
Type :

Estimated
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RESULTS

Fugacity/Distribution
Result Description:

Gas oils are substances of variable composition containing hydrocarbons with carbon
numbers typically from C9 to C30. Multimedia distribution was calculated for low, mid, and
high molecular weight hydrocarbon compounds (e.g., C9, C15 and C30 hydrocarbons)
representing the principal isomeric structures in gas oils (e.g., paraffins, olefins,
naphthenes, and aromatics). This provided an understanding of the distribution spectrum
that might be expected for constituents at each boundary of the distribution. Hydrocarbons
intermediate in carbon numbers would be expected to show distribution characteristics
within the range provided by the estimates for the C9 and C30 isomeric compounds.

Test Results :
Percent Distribution
Compound/Compartment
Paraffins
n-nonane
iso-nonane
n-pentadecane
iso-pentadecane
n-triacontane
iso-triacontane
Naphthenes
propylcyclohexane
bicyclo[4.3.0]nonane
nonylcyclohexane
2-hexyl[4.3.0]bicyclononane
tetracosylcyclohexane
9-henicosylbicyclo[4.3.0]nonane
Olefins
1-nonene
bicyclo[4.3.0]non-3-ene
1-pentadecene
9-hexylbicyclo[4.3.0]non-3-ene
1-triacontene
9-henicosylbicyclo[4.3.0]non-3-ene
Aromatics
propylbenzene
naphthalene
n-nonylbenzene
2-butylnaphthalene
tetracosylbenzene
icosylnaphthalene
Temperature :

20°C

Level of Multi-media
Model :

1

Air

Water

Soil

Sed

Susp.
Sed.

Biota

99
99
13
68
<0.1
<0.1

<0.1
<0.1
<0.1
<0.1
<0.1
<0.1

1
0.5
85
31
98
98

<0.1
<0.1
2
0.7
2
2

<0.1
<0.1
<0.1
<0.1
<0.1
<0.1

<0.1
<0.1
<0.1
<0.1
<0.1
<0.1

99
99
11
52
<0.1
<0.1

<0.1
0.2
<0.1
<0.1
<0.1
<0.1

0.9
1
87
47
98
98

<0.1
<0.1
2
1
2
2

<0.1
<0.1
<0.1
<0.1
<0.1
<0.1

<0.1
<0.1
<0.1
<0.1
<0.1
<0.1

99
99
17
50
<0.1
<0.1

<0.1
0.3
<0.1
<0.1
<0.1
<0.1

0.7
0.7
81
49
98
98

<0.1
<0.1
2
1.1
2
2

<0.1
<0.1
<0.1
<0.1
<0.1
<0.1

<0.1
<0.1
<0.1
<0.1
<0.1
<0.1

97
77
19
0.7
<0.1
<0.1

1
8
<0.1
0.2
<0.1
<0.1

2
15
79
97
98
98

<0.1
0.3
2
2
2
2

<0.1
<0.1
<0.1
<0.1
<0.1
<0.1

<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
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Water Solubility
mg/L

Reference

n-nonane
iso-nonane
n-pentadecane
iso-pentadecane
n-triacontane
iso-triacontane

0.12
0.16
0.0028
0.0033
2.7E-11
9.9E-11

(1)
(1)
(2)
(2)
(2)
(2)

propylcyclohexane
bicyclo[4.3.0]nonane
nonylcyclohexane
2-hexyl[4.3.0]bicyclononane
tetracosylcyclohexane
9-henicosylbicyclo[4.3.0]nonane
Olefins
1-nonene
bicyclo[4.3.0]non-3-ene
1-pentadecene
9-hexylbicyclo[4.3.0]non-3-ene
1-triacontene
9-henicosylbicyclo[4.3.0]non-3-ene
Aromatics
propylbenzene
naphthalene
n-nonylbenzene
2-butylnaphthalene
tetracosylbenzene
icosylnaphthalene

3.4
19
0.004
0.028
1.3E-9
8.4E-10

(2)
(2)
(2)
(2)
(2)
(2)

1.1*
30
0.0038
0.043
1.1E-10
1.3E-9

(2)
(2)
(2)
(2)
(2)
(2)

52.2*
31*
0.035
0.63
3.8E-9
1.9E-8

(2)
(2)
(2)
(2)
(2)
(2)

Paraffins

Naphthenes

Model Input (Water
Solubility:)

(1) Yaws, et al., 1993
(2) US EPA, 2000 (WSKOWWIN, EPI-Suite V3.10)
Vapor Pressure
Pa

Reference

n-nonane
iso-nonane
n-pentadecane
iso-pentadecane
n-triacontane
iso-triacontane

593*
828*
0.46*
5.8
4.6E-5
1.6E-5

(1)
(1)
(1)
(1)
(1)
(1)

propylcyclohexane
bicyclo[4.3.0]nonane
nonylcyclohexane
2-hexyl[4.3.0]bicyclononane
tetracosylcyclohexane
9-henicosylbicyclo[4.3.0]nonane
Olefins
1-nonene
bicyclo[4.3.0]non-3-ene
1-pentadecene
9-hexylbicyclo[4.3.0]non-3-ene
1-triacontene
9-henicosylbicyclo[4.3.0]non-3-ene
Aromatics
propylbenzene
naphthalene
n-nonylbenzene
2-butylnaphthalene

558*
320
0.33*
2.6
5.8E-6
5.3E-6

(1)
(1)
(1)
(1)
(1)
(1)

720*
456
0.61*
2.3
9.5E-6
2.3

(1)
(1)
(1)
(1)
(1)
(1)

456*
11.3*
7.6*
0.053

(1)
(1)
(1)
(1)

Paraffins

Naphthenes

Model Input (Vapor
Pressure:)
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tetracosylbenzene
8.9E-7
icosylnaphthalene
1.3E-7
(1) US EPA, 2000 (MPBPWIN, EPI Suite V3.10)

Log Kow

Reference

4.8
4.7
7.7
7.6
15.6
15.0

(1)
(1)
(1)
(1)
(1)
(1)

propylcyclohexane
4.6
bicyclo[4.3.0]nonane
3.7
nonylcyclohexane
7.5
2-hexyl[4.3.0]bicyclononane
6.6
tetracosylcyclohexane
14.9
9-henicosylbicyclo[4.3.0]nonane
13.9
Olefins
1-nonene
5.2*
bicyclo[4.3.0]non-3-ene
3.5
1-pentadecene
7.6
9-hexylbicyclo[4.3.0]non-3-ene
6.4
1-triacontene
14.9
9-henicosylbicyclo[4.3.0]non-3-ene
13.7
Aromatics
propylbenzene
3.7*
naphthalene
3.3*
n-nonylbenzene
7.1*
2-butylnaphthalene
5.7
tetracosylbenzene
13.8
icosylnaphthalene
13.1
(1) US EPA, 2000 (KOWWIN, EPI Suite V3.10)

(1)
(1)
(1)
(1)
(1)
(1)

Paraffins

Naphthenes

Model Input (log Kow: )

(1)
(1)

n-nonane
iso-nonane
n-pentadecane
iso-pentadecane
n-triacontane
iso-triacontane
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Melting Pt
°C

Reference

-53.5”
-80.3*
9.9*
1.5
67.9
142.5

(1)
(1)
(1)
(1)
(1)
(1)

propylcyclohexane
-94.9*
bicyclo[4.3.0]nonane
-53.0*
nonylcyclohexane
-10*
2-hexyl[4.3.0]bicyclononane
24
tetracosylcyclohexane
157.2
9-henicosylbicyclo[4.3.0]nonane
163.7
Olefins
1-nonene
-81.3*
bicyclo[4.3.0]non-3-ene
-38.3
1-pentadecene
-2.8*
9-hexylbicyclo[4.3.0]non-3-ene
25
1-triacontene
150.9
9-henicosylbicyclo[4.3.0]non-3-ene
164.5
Aromatics
propylbenzene
-99.5*
naphthalene
80.2*
n-nonylbenzene
-24*
2-butylnaphthalene
63
tetracosylbenzene
169.5
icosylnaphthalene
190.2
(1) US EPA, 2000 (MPBPWIN, EPI Suite V3.10)

(1)
(1)
(1)
(1)
(1)
(1)

Paraffins

Naphthenes

Model Input ( Melting
Point: )

Henry's Law Constant :

n-nonane
iso-nonane
n-pentadecane
iso-pentadecane
n-triacontane
iso-triacontane

(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)

Calculated by EQC for each constituent

Model Concentration -Air :
Model Concentration -Water :
Model Concentration -Soil :
Model Concentration -Sediment :
Results Remarks :

Model input data signified by “*” indicates the value was cited by EPI-SuiteTM as being from
the experimental database (EPA 2000).

STUDY/METHOD
Key Study Sponsor
Indicator :

Key

Year Study Performed :
Method/Guideline
Followed :

EQC-Equilibrium Criterion Model, Fugacity-Based Level 1

Deviations from
Method/Guideline :
Method/Guideline
Description :

The EQC model calculates the distribution of a fixed quantity of conserved (i.e., nonreacting) chemical, in a closed environment at equilibrium, with no degrading reactions, no
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advective processes, and no intermedia transport processes (e.g., no wet deposition or
sedimentation). The medium receiving the emission is unimportant because the chemical is
assumed to become instantaneously distributed.
Method/Guideline and
Test Condition Remarks :
GLP :

No
Trent University. 2003. EQC fugacity-based EQC-equilibrium criterion model, Version 2.02.
Canadian Environmental modeling Centre, Trent University, Ontario. URL:
http://www.trentu.ca/cemc/

Study Reference :

U.S. EPA. 2000. EPI (Estimation Programs Interface) Suite, V3.10. U.S. Environmental
Protection Agency, Office of Pollution Prevention and Toxics, Washington, DC.
Yaws, C.L., X. Pan, and X. Lin. 1993. Water solubility data for 151 hydrocarbons. Chem.
Eng. Feb. 100(2):108-111.

RELIABILITY/DATA QUALITY
Reliability :

(2) Reliable with restrictions

Reliability Remarks :

Environmental distribution was estimated using an accepted validated model.

3.5

BIODEGRADATION

Type
Inoculum
Contact time
Method

:
:
:
:

Year
GLP
Test substance

:
:
:

Method

:

Result

:

Aerobic
Adapted inoculum of domestic activated sludge
28 day(s)
CONCAWE. Test method for determining the inherent aerobic
biodegradability of oil products. 1996/1997, and modification of ISO/DIS
14593
1993
No
Gas oils (petroleum), solvent-refined; CAS No. 64741-90-8.
Water quality-Evaluation of ultimate aerobic biodegradability of organic
compounds in aqueous medium-Method by analysis of inorganic carbon in
sealed vessels (CO2 headspace test)
Test material was inherently biodegradable since it achieved >20%
biodegradability based on CO2 production.

Test Day
7
14
21
28

Source
Test condition

:
:

% Degradation (sd)
Aniline
Gas oil
82.98 (1.018) 35.85 (0.636)
78.19 (0.575) 41.96 (2.517)
39.40 (0.926)
34.82 (0.156)*

*Lower values due to recalibration using standard concentration exceeding
linear range of quantitation.
American Petroleum Institute.
Acclimated inoculum prepared from activated sludge was incubated with
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test substance and aniline (positive control) during a two week adaptation
period in separate test systems. Test medium consisted of 1 liter glass
distilled water and mineral salts (10 ml/l phosphate buffer, 1ml 0.025%
ferric chloride, 1ml 2.75 magnesium sulfate, and 1 ml 2.75% calcium
chloride solutions) prepared as described in ISO method.
Acclimation of inoculum was performed using activated sludge from the
aeration basin of Somerset-Raritan Valley Wastewater Treatment Plant
(Bridgeport, NJ., U.S.A.). On the day of collection, the sludge was returned
to the laboratory and homogenized for two minutes in a blender at medium
speed. The supernatant was removed from the homogenated sample after
a settling period of at least 30 minutes and then filtered through Whatman
#4 coarse filter paper. One hundred mls of the filtered sludge was
combined with 900 ml test medium in a 2 liter flask for each of the two
acclimation test systems. Gas oil or aniline were administered to the
appropriate flask on days 0, 7 and 11 to achieve approximately 4, 8 and 8
mg of carbon as test or positive control substance. The flasks walls were
covered to prevent light exposure to the inoculum, loosely stoppered with
gauze to allow aeration and placed on a gyratory shaker set at 200 rpm.
An aqueous stock solution of aniline was used to dose the positive control
acclimating inoculum. The gas oil was introduced as neat material using a
tared 10 µl Hamilton glass syringe, and amounts added were determined
on a gravimetric basis.
On day 14 of incubation gas oil acclimated inoculum was transferred to a
separatory funnel and approximately half the volume of aqueous phase
was drained from the funnel for testing, avoiding any carryover of residual
gas oil. The drained gas oil inoculum was combined with an equal volume
of the aniline acclimated inoculum and mixed thoroughly. One hundred ml
of the composite inoculum was mixed with 900 ml test medium, and then
used to prepare the biodegradation test systems.

Reliability

:

Biodegradation test vessels (125 ml serum bottles) were filled with 100 ml
of the inoculated test medium. Blank test systems received no additional
treatment and were sealed immediately. Addition of the respective
substances was performed as described for the acclimation procedure to
achieve test concentrations of approximately 10 mg carbon/l. Duplicate
test systems for gas oil, aniline and blank treatments were prepared for
sacrifice at weekly sampling intervals for subsequent CO2 analysis. All
samples not designated for time zero analysis were crimp sealed, covered
with aluminum foil and agitated on a gyratory shaker at approximately 200
rpm. CO2 determination was performed on days 0, 7, 14, 21 and 28. At
each sampling interval, the appropriate test systems were basified with 0.5
ml of 10N NaOH (pH>12) in order to convert CO2 in the headspace to
water soluble sodium carbonate, returned to the gyratory shaker for an
hour and then analyzed. Total inorganic carbon (TIC) in the aqueous
phase was measured using an O.I. Model 700 carbon analyzer calibrated
with sodium carbonate standards. On days 0, 7, 14 and 21 standard
concentrations used were suitable to quantify up to 25 ppm carbon, on day
28 calibration curve was developed to quantify up to 50 ppm carbon.
(2) valid with restrictions
The data reported in this report were obtained through participation with
CONCAWE task group for inherent biodegradation method development of
water insoluble substances. The gas oil sample was supplied by Burmah
Castrol as part of research project to identify procedures for inherent
biodegradation test Thus, although the work was conducted according to
relevant test guidelines and standard operating procedures, the research
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was not done in strict accordance with GLPs.
(51)
Type
Inoculum
Contact time
Degradation
Result
Deg. product
Method

:
:
:
:
:
:
:

Year
GLP
Test substance

:
:
:

Remark

:

Result

:

Test condition

:

activated sludge
28 day(s)
(±) % after

OECD Guide-line 301 F "Ready Biodegradability: Manometric
Respirometry Test"
2003
no data
other TS: Diesel fuel; CAS No. 68334-30-5
The report states that biodegradation of the test sample
achieved 60% by the end of the test, but the classification
of readily biodegradable cannot be given to the test sample
because it did not achieve the pass level within the 10-day
period following 10% biodegradation. However, recent
guidance from OECD states that when testing mixtures of
structurally related materials such as oils, the 10-day
window should not be applied (OECD 2003). Based on the
current OECD recommendations, ultra low sulfur diesel is
capable of passing a ready biodegradability test.
Although the test substance was not chemically
characterized, the report states that ultra low sulfur
diesel of the type tested in this study contains 26 - 30%
aromatic compounds.
Average biodegradation for duplicate test flasks:
28 Days
End of 10-d Window
Ultra low sulfur diesel
60
45
Sodium Benzoate (reference) 97
not
appl
Activated sludge inoculum for the test was collected from
Chester Sewage Works (Welsh Water, Sealand Road, Chester CH1
4LD). The plant treats predominately (approx. 90%) domestic
sewage. To reduce background oxygen consumption, the
activated sludge was washed then aerated with moist air for
approximately 24 hours at the test temperature (20 °C) prior
to use. The final inoculum had a concentration of 30 mg dry
solids/l.
The diesel fuel was tested in duplicate at a nominal
concentration of 30 mg/l, which was equivalent to 102 mg
Theoretical Oxygen Demand (ThOD)/l. Test flasks contained
500 ml of inoculated mineral salts medium dosed with
15± 0.5 mg test sample absorbed on a 21 mm Whatman GF/A
glass fiber filter. The filter was held on an aluminum foil
support during weighing, and both the filter and foil were
added to the test vessel. Also included in the experiment
were triplicate blank flasks containing inoculated medium
and a GF/A filter and aluminum foil and duplicate reference
substance flasks containing inoculated medium and 100 mg
ThOD/l sodium benzoate (approximately 60 mg/l).
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The test was run at 20 °C using a C.E.S. Aerobic
Respirometer. The instrument determined the oxygen demand
every hour and replenished the oxygen through the
electrolysis of copper sulfate. The resolution of the
instrument was 0.02 mg oxygen at S.T.P. (standard
temperature and pressure).

Reliability
02.11.2003

:

The extent of biodegradation over 28 days was calculated as
the measured biochemical oxygen demand (BOD) expressed as a
percentage of the ThOD. The ThOD for diesel fuel was
determined previously as 3.4 mg O2/mg test substance
(Battersby 2000). Results were evaluated in light of the
pass level for ready biodegradability. The pass level for
the OECD 301 F test is >/= 60% ThOD within the 28-day test
period, and it must be attained within 10 days after
biodegradation has achieved 10% ThOD.
(1) valid without restriction
(85) (80) (102)

:
Type
Inoculum
Contact time
Degradation
Result
Deg. product
Method

:
:
:
:
:
:

Year
GLP
Test substance

:
:
:

Remark

:

Result

:

Test condition

:

activated sludge
28 day(s)
(±) % after

OECD Guide-line 301 F "Ready Biodegradability: Manometric
Respirometry Test"
1999
No
other TS: Nigerian Diesel fuel CAS No. 68334-30-5
This diesel fuel stream did not satisfy the test criteria
for ready degradability of 60% degradability within 28 days.
Although this diesel fuel is not considered 'readily'
biodegradable, it is inherently biodegradable since
significant degradation did occur, based on EPA guidance for
using ready and inherent biodegradability tests
(http://www.epa.gov/oppt/exposure/docs/halflife.htm.)
Average biodegradation for duplicate test flasks at 28 days:
diesel fuel = 57.5%; rapeseed oil = 84.4% (satisfied
positive control criteria). The report noted that the oxygen
consumption of the blank controls was below 60 mg/l as
required by the test guidelines.
Activated sludge inoculum for the test was collected from
Medford Municipal Wastewater Treatment Plant in Medford, NJ.
The plant treats predominately domestic sewage. To reduce
background oxygen consumption, the activated sludge was
aerated for approximately 27 hours prior to use. Sufficient
supernatant was decanted to provide a 1% (v/v) inoculum for
each respirometry vessel. The sewage inoculum had a
microbial density of 1E4 colony forming units per ml, as
measured using a commercial dip-slide method, and was within
the guideline criteria of 1E7- 1E8 CFU/l.
Test flasks contained 990 ml of inoculated mineral salts
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medium , ca. 25 mg of test substance and 10 ml of sludge
supernatant (inoculum). Also included in the experiment were
duplicate blank flasks containing inoculated medium and
duplicate reference substance flasks containing inoculated
medium and 25 mg of low erucic acid rapeseed oil (LEAR).
The test was run at 22 °C (±1 °C) using a C.E.S. Aerobic
Respirometer for 28 days. The instrument determined the
oxygen demand every hour and replenished the oxygen through
the electrolysis of copper sulfate.

Reliability
02.11.2003

:

The extent of biodegradation over 28 days was calculated as
the measured biochemical oxygen demand (BOD) expressed as a
percentage of the ThOD (theoretical oxygen demand).
(1) valid without restriction
(101)

FATE SIDS
BIODEGRADATION
Category Chemical :

GAS OILS

Test Substance :

Distillates (Petroleum), light catalytic cracked gas oil, CAS no. 64741-59-9

Test Substance
Purity/Composition and
Other Test Substance
Comments:

Relative Density (ASTM D4052) @ 60/60°F ................ 0.9618 g/mL
API Gravity @ 60°F
15.6 °API
Boiling Range (ASTM D2887):
initial ............................................ 142.7 °C
final ............................................. 357.7 °C
Hydrocarbon Types by FIA (ASTM D1319):
Aromatics ..................................... 75.3 vol %
Olefins .......................................... 7.2 vol %
Saturates ...................................... 17.5 vol %
Determination of aromatic content by supercritical fluid chromatography (ASTM D5186):
Monoaromatics .............................. 24.0 Wt %
Polynuclear aromatics ..................... >50.0 Wt %
Total aromatics .............................. 83.5 Wt %

Category Chemical
Result Type :

Measured

Test Substance Result
Type :

Measured

Results
Biodegradability
Indicator :

Not Readily Biodegradable

Concentration Value :

Time in Days :

Biodegradation Value :

49.7 mg/L

3

4.8

49.7 mg/L

7

38

49.7 mg/L

14

45

49.7 mg/L

21

52

49.7 mg/L

28

56

49.7 mg/L

47

61
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Half Life :
Rate Constant :
Temperature :

22±1°C

Incubation Condition :

Aerobic

Inoculum Type :

Activated Sludge

Inoculum Concentration
:

1.56 mg/L

Inoculum Remarks :

Fresh activate sludge was collected from the POTW one day prior to test initiation. The POTW
received predominantly domestic sewage. The activated sludge was homogenized in a blender
and allowed to settle for approximately an hour. The supernatant was decanted to be used as
the inoculum. The concentration of total suspended solids (TSS) was 3.74 g/L, and the
microbial activity was measured as 105 colony forming units/mL. Test medium (24 L) was
prepared the day before test initiation by adding appropriate volumes of stock solutions
containing mineral salts along with 10.0 mL of the activate sludge supernatant. The inoculated
medium was aerated with CO2-free air for approximately one day before use in the test.

Pre-Exposure Indicator
:

Pre-Exposure Remarks :

Theoretical Carbon
Dioxide :
Theoretical Oxygen
Demand :

3.16 mg/L

Chemical Oxygen
Demand :
Control Substance
Remarks :

Sodium benzoate (positive control)

Breakdown Products
Description :
Results Remarks :

The study passed all acceptability criteria specified in the OECD guideline. Based on the
biodegradation measured in the toxicity control treatment, the test substance was not
considered inhibitory to activated sludge microorganisms.

Study/Method
Key Study Sponsor
Indicator :

Key

Year Study Performed :

2010

Method/Guideline
Followed :

OECD 301-F, Manometric Respirometry (1992)

Deviations from
Method/Guideline :
Method/Guideline
Description :

The aerobic biodegradation of a light catalytic cracked gas oil (CAS No. 64741-59-9) was
measured in an OECD 301F test (manometric respirometry, OECD, 1992). The respirometric
apparatus was manufactured by Co-ordinated Environmental Service (Kent, England).
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The test procedure evaluated the ready biodegradability of the test substances by
microorganisms in water. The consumption of oxygen was determined by measuring the
quantity of oxygen (produced electrolytically) required to maintain constant gas volume in the
respirometer flask, or from the change in volume or pressure (or a combination of the two) in
the apparatus. Evolved carbon dioxide was absorbed in a solution of 10N sodium hydroxide
(NaOH). The amount of oxygen taken up by the microbial population during biodegradation of
the test or positive control substance (corrected for uptake by blank inoculum, run in parallel)
is expressed as a percentage of theoretical oxygen demand (ThOD). The ThOD was calculated
using the equations in Annex IV of the test guideline based on an elemental analysis of the
test substance.
Method/Guideline and
Test Condition Remarks
:

In addition to the light catalytic cracked gas oil treatment, the study design included a positive
control treatment (sodium benzoate), a toxicity control treatment (light catalytic cracked gas
oil in combination with the positive control substance), and an abiotic control treatment (light
catalytic cracked oil with mercuric chloride).

GLP :

Yes

Study Reference :

EMBSI (ExxonMobil Biomedical Sciences, Inc.). 2010. Ready Biodegradability: OECD 301F
Manometric Respirometry Test. Study No. 1057679, EMBSI, Annandale, NJ USA.

Reliability/Data Quality
Reliability :

1

Reliability Remarks :

Reliable without restrictions; guideline study.

FATE SIDS
BIODEGRADATION
Category Chemical :

GAS OILS

Test Substance :

Distillates (Petroleum), light hydrocracked gas oil, CAS no. 64741-77-1

Test Substance
Purity/Composition and
Other Test Substance
Comments:

Density (ASTM D4052) @ 15°C/59°F .......................... 0.8244 g/mL
Relative Density @ 60°F .......................................... 0.8248 g/mL
API Gravity @ 60°F .................................................. 40.1 °API
Boiling Range (ASTM D2887):
initial .................................. 134.4 °C
final ................................... 290.4 °C
Hydrocarbon Types by FIA (ASTM D1319):
Aromatics ........................... 16.7 vol %
Olefins ................................ 1.5 vol %
Saturates ............................ 81.8 vol %
Determination of aromatic content by supercritical fluid chromatography (ASTM D5186):
Monoaromatics .................... 20.8 Wt %
Polynuclear aromatics ........... <0.5 Wt %
Total aromatics .................... 21.0 Wt %

Category Chemical
Result Type :

Measured

Test Substance Result
Type :

Measured

Results
Biodegradability
Indicator :

Readily Biodegradable
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Concentration Value :

Time in Days :

Biodegradation Value :

50.6 mg/L

3

6.7

50.6 mg/L

7

19

50.6 mg/L

14

41

50.6 mg/L

21

56

50.6 mg/L

28

64

50.6 mg/L

47

74

Biodegradation Value Range :

Half Life :
Rate Constant :
Temperature :

22±1°C

Incubation Condition :

Aerobic

Inoculum Type :

Activated Sludge

Inoculum Concentration
:

1.56 mg/L

Inoculum Remarks :

Fresh activate sludge was collected from the POTW one day prior to test initiation. The POTW
received predominantly domestic sewage. The activated sludge was homogenized in a blender
and allowed to settle for approximately an hour. The supernatant was decanted to be used as
the inoculum. The concentration of total suspended solids (TSS) was 3.74 g/L, and the
microbial activity was measured as 105 colony forming units/mL. Test medium (24 L) was
prepared the day before test initiation by adding appropriate volumes of stock solutions
containing mineral salts along with 10.0 mL of the activate sludge supernatant. The inoculated
medium was aerated with CO2-free air for approximately one day before use in the test.

Pre-Exposure Indicator
:

Pre-Exposure Remarks :

Theoretical Carbon
Dioxide :
Theoretical Oxygen
Demand :

3.33 mg/L

Chemical Oxygen
Demand :
Control Substance
Remarks :

Sodium benzoate (positive control)

Breakdown Products
Description :
Results Remarks :

The study passed all acceptability criteria specified in the OECD guideline. Based on the
biodegradation measured in the toxicity control treatment, the test substance was not
considered inhibitory to activated sludge microorganisms.

Study/Method
Key Study Sponsor
Indicator :

Key
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Year Study Performed :

2010

Method/Guideline
Followed :

OECD 301-F, Manometric Respirometry (1992)

Deviations from
Method/Guideline :
The aerobic biodegradation of a light hydrocracked gas oil (CAS No. 64741-77-1) was
measured in an OECD 301F test (manometric respirometry, OECD, 1992). The respirometric
apparatus was manufactured by Co-ordinated Environmental Service (Kent, England).

Method/Guideline
Description :

The test procedure evaluated the ready biodegradability of the test substances by
microorganisms in water. The consumption of oxygen was determined by measuring the
quantity of oxygen (produced electrolytically) required to maintain constant gas volume in the
respirometer flask, or from the change in volume or pressure (or a combination of the two) in
the apparatus. Evolved carbon dioxide was absorbed in a solution of 10N sodium hydroxide
(NaOH). The amount of oxygen taken up by the microbial population during biodegradation of
the test or positive control substance (corrected for uptake by blank inoculum, run in parallel)
is expressed as a percentage of theoretical oxygen demand (ThOD). The ThOD was calculated
using the equations in Annex IV of the test guideline based on an elemental analysis of the
test substance.

Method/Guideline and
Test Condition Remarks
:

In addition to the light hydrocracked gas oil treatment, the study design included a positive
control treatment (sodium benzoate), a toxicity control treatment (light hydrocracked gas oil in
combination with the positive control substance), and an abiotic control treatment (light
hydrocracked oil with mercuric chloride).

GLP :

Yes

Study Reference :

EMBSI (ExxonMobil Biomedical Sciences, Inc.). 2010. Ready Biodegradability: OECD 301F
Manometric Respirometry Test. Study No. 1057779, EMBSI, Annandale, NJ USA.

Reliability/Data Quality
Reliability :

1

Reliability Remarks :

Reliable without restrictions; guideline study.
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4.1

ACUTE/PROLONGED TOXICITY TO FISH

Type
Species
Exposure period
Unit
LL50
Limit test
Analytical monitoring
Method

:
:
:
:
:
:
:
:

Year
GLP
Test substance

:
:
:

Method
Remark

:
:

Result

:

Test condition

:

other: Fish Acute Toxicity Test w/ 24 Hr Renewal
Cyprinodon variegatus (Fish, estuary, marine)
96 hour(s)
mg/l
= 57 measured/nominal
yes
other: EPA/600/4-90/027 Methods for Measuring Acute Toxicity of Effluents
and Receiving Waters to Freshwater and Marine Organisms.
1998
no
other TS: CAS No. 68476-30-2; No.2 fuel oil
Statistical Method: Trimmed Spearman Karber Method.
Data have been developed which allow the quantification of
complex hydrocarbons in water on a molar basis using SPME.
(Parkerton, T.F., etal., Biomimetic Extraction as a
Cost-Effective Analytical Tool for Determining the Aquatic
Toxicity Hazard of Complex Petroleum ProductsSETAC Europe,
2001). The measured molar concentrations reflect those
portions that are potentially bioaccumulative in aquatic and
terrestrial species. SPME is a surrogate for organism lipid
and since it is measuring dissolved, unbound hydrocarbon,
the BPH concentration on the fiber is a direct measure of
potential toxicity. Data developed at EMBSI comparing SPME
molar concentrations of fuel oil in WAFs versus fuel oil
toxicity assessed with a wide variety of aquatic species
indicates that SPME quantification of bioavailable petroleum
hydrocarbons (BPH) in fuel oil correlates well with observed
aquatic toxicity. The total molar sum of components that
partition to the fiber from the aqueous phase of a complex
mixture in a lethal loading test "mimics" the total body
residue in an aquatic test organism. Acute toxicity is
predicted once a critical threshold on the SPME fiber
(Cfiber,critical, also BPH critical) is exceeded. Thus,
the Cfiber, critical provides a simple analytical measure
that is comparable to the narcosis-based critical body
residue (CBR) for a given test organism/endpoint.
Nominal
BPH
% Mortality
Conc. (mg/l)
(nmoles/mgC) 24hr 48 hr 72 hr 96hr
Control
----0
0
0
0
9.9
88
0
0
0
0
32
186
0
0
0
0
60.0
192
0
0
20
60
124
257
0
80
100
100
Based on nominal loading rates: 96-hr LL50= 57 mg/l
95% confidence interval 48-68 mg/l
CBR= Cfiber,critical = 73 µmol/mlPDMS
BPH critical = 202 nmol/mg C
Nominal loading rates of 0, 9.9, 32, 60 and 124 mg/l were
used to prepare test solutions. Test solutions were
prepared as water accommodated fractions (WAF). Control and
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Reliability

:

dilution water were natural seawater (20 ppt salinity)
obtained from Manasquan Inlet, Manasquan, New Jersey. Test
substance was mixed for each individual treatment in
dilution water for 24 hours in stoppered containers with
less than 10% headspace volume. The mixtures were allowed to
settle for 1-2 hours prior to drawing off the aqueous
solutions for testing. BPH analysis was performed using SPME
(solid phase microextraction) fibers which had been
equilibrated overnight in WAF solutions and quantified using
gas chromatography equipped with a flame ionization
detector. Fish were 11 days old at initiation of testing,
and were obtained from Aquatic Systems, Inc., Fort Collins,
CO. Test vessels were 500 ml glass I-Chem jars with teflon
lined caps. Three replicates per treatment and 4 organisms
per replicate were tested for each treatment and the
control. Exposure containers were filled with no headspace
and tightly sealed to prevent volatilization. Test solution
renewal was performed daily by removing 80% of the test
solution and replacing it with fresh WAF solution prepared
at least 24 hrs prior to use. Water temperature was 24.8
°C. Test photoperiod was 16 hrs. light and 8 hr dark, light
intensity approx 69 foot-candles during full daylight
periods. Dissolved oxygen measurements ranged from 5.0 to
7.7 ppm, pH values between 7.6 and 8.3.Duplicate samples
were taken of the control on Day 0 and each WAF (from the
mixing vessel) prepared on a daily basis. Samples were used
to determine bioavailable petroleum hydrocarbons (BPH).
Measurement of dissolved, bioavailable hydrocarbon was
performed using solid phase microextraction (SPME) fiber
analysis by GC/FID. BPH samples were mixed (minimal
headspace) in vessels containing the SPME fibers overnight.
Analyses were performed using 100 um PDMS fibers obtained
from Supelco. 125 ml glass flasks fitted with ground glass
stoppers and equipped with stir bars were filled with WAF
samples. SPME fibers were inserted through a small hole
drilled in the center of the glass stopper. The total moles
of hydrocarbons that partition to the fibers were quantified
using a gas chromatograph equipped with a flame ionization
detector (GC-FID). FID detector response was translated into
molar hydrocarbon concentration (BPH as nmoles/mg C) using
the molar response based on a number of aromatic standards.
BPH values are reported as nanomoles of quantified
hydrocarbon per mg of carbon based on carbon content of
polydimethylsiloxane (PDMS) fiber coating. Critical SPME
fiber concentration (Cfiber, critical), comparable to
critical total body residue (CBR, on a lipid basis) is
calculated from BPH results and is reported in units of
µmoles/ml of PDMS. Quantitation was based on 2, 3 dimethyl
napthalene since a wide variety of hydrocarbons exhibited a
relative molar response of within a factor of two when
normalized to this compound. Calculation of CBR as Cfiber,
critical is based on Verbuggen et al.
(2) valid with restrictions
(2) Reliable with restrictions. The data reported in this
report were obtained as part of a research program to
correlate toxicity with Bioavailable Petroleum hydrocarbons
(BPH). Thus although the work was conducted according to
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relevant test guidelines and standard operating procedures,
the research was not done in strict accordance with GLPs.
All data reported as final were audited by EBSI Quality
Assurance unit.
03.11.2003

(89) (112)

Type
Species
Exposure period
Unit
LL50
Limit test
Analytical monitoring
Method

:
:
:
:
:
:
:
:

Year
GLP
Test substance

:
:
:

Method
Remark

:
:

Result

:

other: Fish Acute Toxicity Test w/ 24 Hr Renewal
Menidia beryllina (Fish, estuary, marine)
96 hour(s)
mg/l
= 3.2 measured/nominal
yes
other: EPA/600/4-90/027 Methods for Measuring Acute Toxicity of Effluents
and Receiving Waters to Freshwater and Marine Organisms.
1995
no
other TS: CAS No. 68476-30-2; No.2 fuel oil
Statistical Method: Trimmed Spearman Karber Method.
Data have been developed which allow the quantification of
complex hydrocarbons in water on a molar basis using SPME.
(Parkerton, T.F., etal., Biomimetic Extraction as a
Cost-Effective Analytical Tool for Determining the Aquatic
Toxicity Hazard of Complex Petroleum ProductsSETAC Europe,
2001). The measured molar concentrations reflect those
portions that are potentially bioaccumulative in aquatic and
terrestrial species. SPME is a surrogate for organism lipid
and since it is measuring dissolved, unbound hydrocarbon,
the BPH concentration on the fiber is a direct measure of
potential toxicity. Data developed at EMBSI comparing SPME
molar concentrations of fuel oil in WAFs versus fuel oil
toxicity assessed with a wide variety of aquatic species
indicates that SPME quantification of bioavailable petroleum
hydrocarbons (BPH) in fuel oil correlates well with observed
aquatic toxicity. The total molar sum of components that
partition to the fiber from the aqueous phase of a complex
mixture in a lethal loading test "mimics" the total body
residue in an aquatic test organism. Acute toxicity is
predicted once a critical threshold on the SPME fiber
(Cfiber,critical, also BPH critical) is exceeded. Thus,
the Cfiber, critical provides a simple analytical measure
that is comparable to the narcosis-based critical body
residue (CBR) for a given test organism/endpoint.
Nominal
Conc.
BPH
% Mortality
(mg/l)
(nmoles/mgC) 24hr 48 hr 72 hr 96hr
Control
----0
0
0
0
1.25
37.2
0
0
0
0
2.9
50.3
0
7
13
13
5.2
78.1
0
67
100
100
10.0
114.4
13
100
100
100
Based on nominal loading rates: 96-hr LL50= 3.2 mg/l
95% confidence interval 2.9-3.6 mg/l
CBR= Cfiber,critical = 26 µmol/mlPDMS
BPH critical = 72 nmol/mg C
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Test condition

:

Reliability

:

Nominal loading rates of 0, 1.25, 2.9, 5.2 and 10.0 mg/l
were used to prepare test solutions. Test solutions were
prepared as water accommodated fractions (WAF). Control and
dilution water were natural seawater (20 ppt salinity)
obtained from Manasquan Inlet, Manasquan, New Jersey. Test
substance was mixed for each individual treatment in
dilution water for 24 hours in stoppered containers with
less than 10% headspace volume. The mixtures were allowed to
settle for 1-2 hours prior to drawing off the aqueous
solutions for testing. BPH analysis was performed using SPME
(solid phase microextraction) fibers which had been
equilibrated overnight in WAF solutions and quantified using
gas chromatography equipped with a flame ionization
detector.Fish were 11 days old at initiation of testing, and
were obtained from Aquatic Systems, Inc., Fort Collins, CO.
Test vessels were 500 ml glass I-Chem jars with teflon lined
caps. Three replicates per treatment and 5 organisms per
replicate were tested for each treatment and the control.
Exposure containers were filled with no headspace and
tightly sealed to prevent volatilization. Test solution
renewal was performed daily by removing 80% of the test
solution and replacing it with fresh WAF solution prepared
at least 24 hrs prior to use. Water temperature was 24.8
°C. Test photoperiod was 16 hrs. light and 8 hr dark, light
intensity approx 69 foot-candles during full daylight
periods. Dissolved oxygen measurements ranged from 5.3 to
7.7 ppm, pH values between 7.7 and 8.4.Duplicate samples
were taken of the control on Day 0 and each WAF (from the
mixing vessel) prepared on a daily basis. Samples were used
to determine bioavailable petroleum hydrocarbons (BPH).
Measurement of dissolved, bioavailable hydrocarbon was
performed using solid phase microextraction (SPME) fiber
analysis by GC/FID. BPH samples were mixed (minimal
headspace) in vessels containing the SPME fibers overnight.
Analyses were performed using 100 um PDMS fibers obtained
from Supelco. 125 ml glass flasks fitted with ground glass
stoppers and equipped with stir bars were filled with WAF
samples. SPME fibers were inserted through a small hole
drilled in the center of the glass stopper. The total moles
of hydrocarbons that partition to the fibers were quantified
using a gas chromatograph equipped with a flame ionization
detector (GC-FID). FID detector response was translated into
molar hydrocarbon concentration (BPH as nmoles/mg C) using
the molar response based on a number of aromatic standards.
BPH values are reported as nanomoles of quantified
hydrocarbon per mg of carbon based on carbon content of
polydimethylsiloxane (PDMS) fiber coating. Critical SPME
fiber concentration (Cfiber, critical), comparable to
critical total body residue (CBR, on a lipid basis) is
calculated from BPH results and is reported in units of
µmoles/ml of PDMS. Quantitation was based on 2, 3 dimethyl
napthalene since a wide variety of hydrocarbons exhibited a
relative molar response of within a factor of two when
normalized to this compound. Calculation of CBR as Cfiber,
critical is based on Verbuggen et al.
(2) valid with restrictions
(2) Reliable with restrictions. The data reported in this
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report were obtained as part of a research program to
correlate toxicity with Bioavailable Petroleum hydrocarbons
(BPH). Thus although the work was conducted according to
relevant test guidelines and standard operating procedures,
the research was not done in strict accordance with GLPs.
All data reported as final were audited by EBSI Quality
Assurance unit.
03.11.2003

(87) (112)

Type
Species
Exposure period
Unit
LL50
Limit test
Analytical monitoring
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:
:

other: Fish Acute Toxicity Test w/ 24 Hr Renewal
Oncorhynchus mykiss (Fish, fresh water)
96 hour(s)
mg/l
= 6.6 measured/nominal

Method
Remark

:
:

Result

:

Statistical Method: Trimmed Spearman Karber Method, 1977.
Data have been developed which allow the quantification of
complex hydrocarbons in water on a molar basis using SPME.
(Parkerton, T.F., etal., Biomimetic Extraction as a
Cost-Effective Analytical Tool for Determining the Aquatic
Toxicity Hazard of Complex Petroleum Products, SETAC Europe,
2001). The measured molar concentrations reflect those
portions that are potentially bioaccumulative in aquatic and
terrestrial species. SPME is a surrogate for organism lipid
and since it is measuring dissolved, unbound hydrocarbon,
the BPH concentration on the fiber is a direct measure of
potential toxicity. Data developed at EMBSI comparing SPME
molar concentrations of fuel oil in WAFs versus fuel oil
toxicity assessed with a wide variety of aquatic species
indicates that SPME quantification of bioavailable petroleum
hydrocarbons (BPH) in fuel oil correlates well with observed
aquatic toxicity. The total molar sum of components that
partition to the fiber from the aqueous phase of a complex
mixture in a lethal loading test "mimics" the total body
residue in an aquatic test organism. Acute toxicity is
predicted once a critical threshold on the SPME fiber
(Cfiber,critical; also BPH critical) is exceeded. Thus,
the Cfiber,critical provides a simple analytical measure
that is comparable to the narcosis-based critical body
residue (CBR) for a given test organism/endpoint.
Nominal
BPH
% Mortality
Conc. (mg/l) (nmoles/mgC) 24hr 48 hr 72 hr 96hr
Control
0.2
0
0
0
0
2.3
79.7
0
0
0
0
4.9
102.7
0
0
7
7
9.8
183.4
7
7
50
100
23.2
261.9
43
100
100
100
49.8
314.3
100
100
100
100
Based on nominal loading rates: 96hr LL50= 6.6 mg/l
95% confidence interval, 6.0-7.3 mg/l,
CBR= Cfiber,critical = 56 µmol/mlPDMS
Page 34 of 363

Yes
OECD Guide-line 203 "Fish, Acute Toxicity Test"
1995
No
other TS: CAS No. 68476-30-2; No.2 fuel oil

Id Gas Oils

4. Ecotoxicity

Date October 23, 2012

Test condition

:

BPH critical = 155 nmol/mg C
Nominal loading rates of 0, 2.3, 4.9, 9.8, 23.2 and 49.8
mg/l were used to prepare test solutions. Test solutions
were prepared as water accommodated fractions (WAF). The
control and dilution water was a laboratory blend
waterprepared from carbon filtered well water and ion
exchange softened, reverse osmosis dialyzed well water aged
for >24 hrs. Test substance was mixed for each individual
treatment in dilution water for 24 hours in stoppered
containers with less than 10% headspace volume. The mixtures
were allowed to settle for 1-2 hours prior to drawing off
the aqueous solutions for testing. BPH analysis was
performed using SPME (solid phase microextraction) fibers
which had been equilibrated overnight in WAF solutions and
quantified using gas chromatography equipped with a flame
ionization detector. Fish were approximately three weeks old
at initiation of testing, and were obtained from Thomas Fish
company, Anderson, CA. Loading of fish body mass to
treatment was 0.193g fish per liter of aqueous solution.
Test vessels were 4L glass aspirator bottles with Teflon
covered neoprene stoppers. Two replicates per treatment and
7 organisms per replicate were tested for each treatment and
the control. Exposure containers were filled with no
headspace and tightly sealed to prevent volatilization. Test
solution renewal was performed daily by removing 80% of the
test solution and replacing it with fresh WAF solution
prepared at least 24 hrs prior to use. Water temperature
was 14.1 °C (0.7sd). Test photoperiod was 16 hrs. light and
8 hr dark, light intensity approx 69 foot-candles during
full daylight periods. Dissolved oxygen measurements ranged
from 6.9 to 8.2 ppm, pH values between 6.6 and 7.2.Duplicate
samples were taken of the control on Day 0 and each WAF
(from the mixing vessel) prepared on a daily basis. Samples
were used to determine bioavailable petroleum hydrocarbons
(BPH). Measurement of dissolved, bioavailable hydrocarbon
was performed using solid phase microextraction (SPME) fiber
analysis by GC/FID. BPH samples were mixed (minimal
headspace) in vessels containing the SPME fibers overnight.
Analyses were performed using 100 um PDMS fibers obtained
from Supleco. 125 ml glass flasks fitted with ground glass
stoppers and equipped with stir bars were filled with WAF
samples. SPME fibers were inserted through a small hole
drilled in the center of the glass stopper. The total moles
of hydrocarbons that partition to the fibers were quantified
using a gas chromatograph equipped with a flame ionization
detector (GC-FID). FID detector response was translated into
molar hydrocarbon concentration (BPH as nmoles/mg C) using
the molar response based on a number of aromatic standards.
BPH values are reported as nanomoles of quantified
hydrocarbon per mg of carbon based on carbon content of
polydimethylsiloxane (PDMS) fiber coating. Critical SPME
fiber concentration (Cfiber, critical), comparable to
critical total body residue (CBR, on a lipid basis) is
calculated from BPH results and is reported in units of
µmoles/ml of PDMS. Quantitation was based on 2, 3 dimethyl
napthalene since a wide variety of hydrocarbons exhibited a
relative molar response of within a factor of two when
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Reliability

:

normalized to this compound. Calculation of CBR as Cfiber,
critical is based on Verbruggen et al.
(2) valid with restrictions
(2) Reliable with restrictions. The data reported in this
report were obtained as part of a research program to
correlate toxicity with Bioavailable Petroleum Hydrocarbons
(BPH). Thus although the work was conducted according to
relevant test guidelines and standard operating procedures,
the research was not done in strict accordance with GLPs.
All data reported as final were audited by EBSI Quality
Assurance unit.

03.11.2003

(88) (112)

Type
Species
Exposure period
Unit
LL50
Limit test
Analytical monitoring
Method

:
:
:
:
:
:
:
:

Year
GLP
Test substance

:
:
:

Method
Remark

:
:

Result

:

other: Fish Acute Toxicity Test w/ 24 Hr Renewal
Pimephales promelas (Fish, fresh water)
96 hour(s)
mg/l
= 57 measured/nominal
Yes
other: EPA/600/4-90/027 Methods for Measuring Acute Toxicity of Effluents
and Receiving Waters to Freshwater and Marine Organisms.
1998
No
other TS: CAS No. 68476-30-2; No.2 fuel oil
Statistical Method: Trimmed Spearman Karber Method.
Data have been developed which allow the quantification of
complex hydrocarbons in water on a molar basis using SPME.
(Parkerton, T.F., etal., Biomimetic Extraction as a
Cost-Effective Analytical Tool for Determining the Aquatic
Toxicity Hazard of Complex Petroleum Products, SETAC Europe,
2001). The measured molar concentrations reflect those
portions that are potentially bioaccumulative in aquatic and
terrestrial species. SPME is a surrogate for organism lipid
and since it is measuring dissolved, unbound hydrocarbon,
the BPH concentration on the fiber is a direct measure of
potential toxicity. Data developed at EMBSI comparing SPME
molar concentrations of fuel oil in WAFs versus fuel oil
toxicity assessed with a wide variety of aquatic species
indicates that SPME quantification of bioavailable petroleum
hydrocarbons (BPH) in fuel oil correlates well with observed
aquatic toxicity. The total molar sum of components that
partition to the fiber from the aqueous phase of a complex
mixture in a lethal loading test "mimics" the total body
residue in an aquatic test organism. Acute toxicity is
predicted once a critical threshold on the SPME fiber
(Cfiber,critical, also BPH critical) is exceeded. Thus,
the Cfiber, critical provides a simple analytical measure
that is comparable to the narcosis-based critical body
residue (CBR) for a given test organism/endpoint.
Nominal
Conc.
BPH
% Mortality
(mg/l)
(nmoles/mgC)
24hr 48 hr 72 hr 96hr
Control
---0
0
0
0
41
353
0
0
0
0
78
426.5
33
33
33
100
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Test condition

:

169
473.1
83
92
100
100
326
573.1
100
100
100
100
612
594.2
58
100
100
100
Based on nominal loading rates: 96-hr LL50= 57mg/l
95% confidence interval
41-78 mg/l
CBR= Cfiber,critical = 140 µmol/mlPDMS,
BPH critical = 388 nmol/mg C
Nominal loading rates of 0, 41, 78, 169, 326 and 612 mg/l
were used to prepare test solutions. Test solutions were
prepared as water accommodated fractions (WAF). The control
and dilution water was a laboratory blend water prepared
from carbon filtered well water and ion exchange softened,
reverse osmosis dialyzed well water aged for >24 hrs. Test
substance was mixed for each individual treatment in
dilution water for 24 hours in stoppered containers with
less than 10% headspace volume. The mixtures were allowed to
settle for 1-2 hours prior to drawing off the aqueous
solutions for testing. BPH analysis was performed using SPME
(solid phase microextraction) fibers which had been
equilibrated overnight in WAF solutions and quantified using
gas chromatography equipped with a flame ionization
detector. Fish were approximately between 6-8 weeks old at
initiation of testing, and were obtained from Aquatic
Systems, Inc., Fort Collins, CO. Test vessels were 500 ml
glass I-Chem jars with teflon lined caps. Three replicates
per treatment and 4 organisms per replicate were tested for
each treatment and the control. Exposure containers were
filled with no headspace and tightly sealed to prevent
volatilization. Test solution renewal was performed daily by
removing 80% of the test solution and replacing it with
fresh WAF solution prepared at least 24 hrs prior to use.
Water temperature was 24.9 °C (0.1°C sd). Test photoperiod
was 16 hrs. light and 8 hr dark, light intensity approx 69
foot-candles during full daylight periods. Dissolved oxygen
measurements >60% saturation, pH values between 6.4 and
8.8.Duplicate samples were taken of the control on Day 0 and
each WAF (from the mixing vessel) prepared on a daily basis.
Samples were used to determine bioavailable petroleum
hydrocarbons (BPH). Measurement of dissolved, bioavailable
hydrocarbon was performed using solid phase microextraction
(SPME) fiber analysis by GC/FID. BPH samples were mixed
(minimal headspace) in vessels containing the SPME fibers
overnight. Analyses were performed using 100 um PDMS fibers
obtained from Supelco. 125 ml glass flasks fitted with
ground glass stoppers and equipped with stir bars were
filled with WAF samples. SPME fibers were inserted through
a small hole drilled in the center of the glass stopper.
The total moles of hydrocarbons that partition to the fibers
were quantified using a gas chromatograph equipped with a
flame ionization detector (GC-FID). FID detector response
was translated into molar hydrocarbon concentration (BPH as
nmoles/mg C) using the molar response based on a number of
aromatic standards. BPH values are reported as nanomoles of
quantified hydrocarbon per mg of carbon based on carbon
content of polydimethylsiloxane (PDMS) fiber coating.
Critical SPME fiber concentration (Cfiber, critical),
comparable to critical total body residue (CBR, on a lipid
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Reliability

:

basis) is calculated from BPH results and is reported in
units of µmoles/ml of PDMS. Quantitation was based on 2, 3
dimethyl napthalene since a wide variety of hydrocarbons
exhibited a relative molar response of within a factor of
two when normalized to this compound. Calculation of CBR as
Cfiber, critical is based on Verbuggen et al.
(2) valid with restrictions
(2) Reliable with restrictions. The data reported in this
report were obtained as part of a research program to
correlate toxicity with Bioavailable Petroleum Hydrocarbons
(BPH). Thus although the work was conducted according to
relevant test guidelines and standard operating procedures,
the research was not done in strict accordance with GLPs.
All data reported as final were audited by EBSI Quality
Assurance unit.

03.11.2003

(90) (112)

Type
Species
Exposure period
Unit
LL50
Limit test
Analytical monitoring
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:
:

Semistatic
Oncorhynchus mykiss (Fish, fresh water)
96 hour(s)
mg/l
= 21 measured/nominal

Method
Result

:
:

Statistical Method: Moving average angle method
96-hr LL50 = 21 mg/l, 95% confidence interval of 12 - 40
mg/l based on nominal loading rates.

Yes
OECD Guide-line 203 "Fish, Acute Toxicity Test"
1995
Yes
other TS: CAS No. 68334-30-5; Gas oil

Mortality at 96 hrs was 1, 0, 0, 6, and 7 in the 0, 3, 10,
30, and 100 mg/l treatments.Only four concentrations were
tested which is less than a minimum of five concentrations
stated in the guidelines. Water hardness was higher than
targeted range of 50 - 250 mg/l as CaCO3. Hardness range of
264 - 288 mg/l as CaCO3 is normal for this laboratory and
does not adversely affect the health of the fish.

Test condition

:

Aqueous samples were extracted with dichloromethane.
Extracts were reduced in volume by evaporation and then
analyzed by gas chromatography-mass spectrometry. The method
was designed to allow relative quantitation of components
present in the aqueous phase of the WAFs. Relative
quantitation of the samples was obtained by summing the
Reconstructed Ion Chromatograph (RIC) peak areas of five of
the peaks (scan numbers ca 605, 945, 1165, 1200 and 1400 ±
25) which were representative of the components present and
expressing the results as RIC units rather than absolute
concentrations. Average reduction in peak areas over a 24-h
period was 26% (range 9 - 42%).
Individual treatment concentrations were prepared as water
accommodated fractions (WAF). Nominal loading rates in the
definitive test were 0, 3, 10, 30, 100 mg/l. Control and
dilution water was laboratory mains tap water obtained from
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bore holes, and passed through particle and activated carbon
filters (alkalinity 257 mg/l as CaCO3, hardness 284 mg/l as
CaCO3, conductivity 496 µS/cm, pH 7.5). Test substance was
mixed in dilution water for ~72 hrs in sealed vessels with
minimal headspace. Mixing time was determined in an
equilibration study in which the test substance
concentration in the aqueous phase of the WAFs was monitored
by GC-MS. Mixtures were allowed to settle 1.5 to 2 hrs
prior to drawing off the aqueous phase for testing. Test
vessels were sealed 11-liter glass aspirators with 7 fish
per vessel. Test fish had a mean length of 5.5 cm and a
mean weight of 1.2 g. Fingerlings were obtained from Exmoor
Trout Farm, North Molton, Devon, U.K. One replicate per
treatment and control were used. Test solutions were
renewed daily with surviving fish transferred to the freshly
prepared WAFs. Test temperature was 15.4 - 16.2 °C.
Photoperiod was 16 hrs light and 8 hrs dark. Dissolved
oxygen was >60% saturation (8.7 to 9.5 mg/l). pH was 7.0 7.8.To monitor the concentration of soluble components in
the test solutions, samples were collected at the beginning
and end of each 24-hr period for each of the batches of WAFs
prepared during the 96-hr test.
(1) valid without restriction

Reliability
13.12.2004

:

Type
Species
Exposure period
Unit
Limit test
Analytical monitoring
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:

Semistatic
Oncorhynchus mykiss (Fish, fresh water)
96 hour(s)
mg/l

Method
Result

:
:

Statistical Method: Moving average angle method
96-hr LL50 = 65 mg/l, 95% confidence interval of 21 - 290
mg/l based on nominal loading rates.

(109)

Yes
OECD Guide-line 203 "Fish, Acute Toxicity Test"
1995
Yes
other TS: CAS No. 68334-30-5; Gas oil

Mortality at 96 hrs was 0, 0, 0, 5, and 7 in the 0, 1, 10,
100, and 1000 mg/l treatments.Only four concentrations were
tested which is less than a minimum of five concentrations
stated in the guidelines. Dilution factor of 10 is greater
than recommended. Water hardness was higher than targeted
range of 50 - 250 mg/l as CaCO3. Hardness range of 270 - 288
mg/l as CaCO3 is normal for this laboratory and does not
adversely affect the health of the fish.
Aqueous samples were extracted with dichloromethane.
Extracts were reduced in volume by evaporation and then
analyzed by gas chromatography-mass spectrometry. The method
was designed to allow relative quantitation of components
present in the aqueous phase of the WAFs. Relative
quantitation of the samples was obtained by summing the
Reconstructed Ion Chromatograph (RIC) peak areas of four of
the peaks (scan numbers ca 750, 790, 880 and 980 ± 25) which
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Test condition

:

Reliability

:

were representative of the components present and expressing
the results as RIC units rather than absolute
concentrations. Average reduction in peak areas over a 24-h
period was 27% (range 10 - 50%).
Individual treatment concentrations were prepared as water
accomodated fractions (WAF). Nominal loading rates in the
definitive test were 0, 1, 10, 100, 1000 mg/l. Control and
dilution water was laboratory mains tap water obtained from
bore holes, and passed through particle and activated carbon
filters (alkalinity 257 mg/l as CaCO3, hardness 284 mg/l as
CaCO3, conductivity 496 µmS/cm, pH 7.5). Test substance was
mixed in dilution water for ~70 hrs. Mixing time was
determined in an equilibration study in which the test
substance concentration in the aqueous phase of the WAFs was
monitored by GC-MS. Mixtures were allowed to settle 1.5 to
2 hrs prior to drawing off the aqueous phase for testing.
Test vessels were sealed 11-liter glass aspirators with 7
fish per vessel. Test fish had a mean length of 5.6 cm and
a mean weight of 1.2 g. Fingerlings were obtained from
Exmoor Trout Farm, North Molton, Devon, U.K. One replicate
per treatment and control were used. Test solutions were
renewed daily with surviving fish transferred to the freshly
prepared WAFs. Test temperature was 15.0 - 16.0 °C.
Photoperiod was 16 hrs light and 8 hrs dark. Dissolved
oxygen was >60% saturation (8.8 to 9.2 mg/l). pH was 7.2 7.5. To monitor the concentration of soluble components in
the test solutions, samples were collected at the beginning
and end of each 24-hr period for each of the batches of WAFs
prepared during the 96-hr test.
(2) valid with restrictions
(2) Reliable with restrictions. Dilution factor of 10 used
in the definitive test concentrations was several fold
higher than guidelines recommendation and resulted in a wide
95% confidence interval for the 96-hr LL50.

13.12.2004

(108)

Type
Species
Exposure period
Unit
Limit test
Analytical monitoring
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:

Remark

:

Oncorhynchus mykiss (Fish, fresh water)
28 day(s)
mg/l
Yes
OECD Guide-line 215
2001
No
other TS: Gas oil, CAS No. 68476-30-2 (No. 2 Fuel oil)
Analytical Monitoring
A biomimetic extraction technique using solid phase
microextraction (SPME) fibers was used to quantify
Bioavailable Petroleum Hydrocarbons (BPH) using
polydimethylsiloxane (PDMS) coated fibers coupled with gas
chromatography - flame ionization detection (GC-FID).
BPH samples (in duplicate) were taken from the water
accommodated fractions in ca. 140 ml amber bottles,
containing small glass stir bars, with no headspace and
sealed with septum sealed caps. A 100 PDMS SPME fiber
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(Supleco) was inserted and exposed to each aqueous sample,
which was stirred overnight on a stir plate.
Following overnight equilibration, the SPME fibers were
removed from the sample and injected directly into a Perkin
Elmer Autosystem XL gas chromatograph equipped with a flame
ionization detector and a 15 m x 0.53 mm id capillary column
with 1.5 m Rtx-1 (Restek) film thickness.
The total chromatographic response from the SPME fibers was
normalized against a series of 2,3 dimethylnaphthalene
standards dissolved in methylene chloride. The standard
series was analyzed under the same analytical conditions as
the SPME fibers with the exception that two microliter
liquid injections were performed.
An average response factor was calculated from the series of
2,3 naphthalene standards based on the amount of standard
injected (on a mole basis). The average standard response
factor was then applied to the total sample chromatographic
area to determine the amount on a mole basis (as 2,3
dimethylnaphthalene). This amount was then normalized to
the volume of PDMS (0.612 L) on a 100 fiber. The final BPH
reporting units are moles (as 2,3 dimethylnaphthalene) / ml
of PDMS.

Result

:

Statistical Method
The LOEC and NOEC values (based on growth rate) were
determined using the following method. The growth rates of
the control and treated fish were calculated separately and
the difference was evaluated for statistical difference.
The analysis was based on the natural logarithm of the wet
body weight of each fish. A linear regression was fitted to
the data array. The slope of the regression was the rate of
growth of the fish, in units of day-1. The absolute value of
the difference in slopes was divided by the pooled standard
error and then compared with the critical t value taken from
a t-table to test for a significant difference of (P<0.05).
The EL10/EC10 and EL50/EC50 values (based on growth) were
calculated using the Power Model of the Benchmark Dose (BMD)
method (USEPA, 2001).
The 28 Day LL50 and LC50 values (based on mortality) were
determined using a maximum likelihood analysis based on D.
J. Finney (1971) after using Abbott's formula (Standard
Methods, 1992) to correct for control mortality.
The 28-day LOELR/LOEC and NOELR/NOEC are based on growth
rate.
mg/l
µmoles/ml PDMS
LOELR NOELR
LOEC NOEC
3.0
1.2
26.4
13.7
Effect Loading/Concentration (EL50/EC50) based on growth.
EL50
EC50
28 day >3.0 mg/l*
>26.4 µmoles/mL PDMS*
(2.4 mg/l**)
(22.3 µmoles/mL PDMS**)
* Maximum loading rate / measured conc.
**95% Lower Confidence Interval
Lethal Loading/Concentration (EL50/EC50) based on mortality.
LL50
28 day 2.7 mg/l

LC50
24.4 µmoles/mL PDMS
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(CNC^)
(CNC^)
^ CNC = Could Not Calculate confidence interval
The following are the endpoint results for the control and
exposure solutions.
Loading
Measured
Growth
Rate^ Conc.*
Mortality
Rate
(mg/l) (µmoles/ml PDMS)
Mortality
% ***
(days-1)
Control 0
2**
0
0.038
0.19 4.09
1**
0
0.039
0.4
6.36
1**
0
0.038
1.2
13.7
1
0
0.034
3.0
26.4
11
92
0.032

Test condition

:

^ Actual loading rate (weight) of test substance added to
the vehicle/dilution water.
* Average of new and old solutions (3 replicates each)
sampled on day 0 & 1, 7 & 8; 13 & 14, 21 & 21, 27 & 28. The
sample size for each concentration was n = 20.
** Fish found trapped in outlet of test chambers.
*** Abbott's correction applied to data to correct for
control mortality.
Individual Water Accommodated Fractions (WAF's) were
prepared for each treatment. The test substance was added
on a weight to volume basis to 19 L of reconstituted water
in glass carboys (capacity 22 L). The solutions were mixed
for 24 hours using a <10% vortex (of the static liquid
depth). The test solutions were removed by siphoning
solution through a glass tube attached to each mixing vessel
into three replicates of 4.5 L in 4 L size aspirator bottles
(no headspace). Four fish were added to each replicate and
the replicates sealed. Daily renewals were performed by
removing ~80% of the test solution through the outlet at the
bottom of the aspirator bottle and refilling with fresh
solution. The fish were received from Pierce Associates,
Inc., West Buxton, ME. The fish were fed Salmon Starter, #1
Crumble (Zeigler Bros. Inc., Gardners, PA) daily after
renewals during the study at a rate of ~2% of their wet body
weight. They were acclimated to the study dilution water
prior to use and were 8 weeks old (8 weeks post hatch) at
the start of the study. Fish mean weight was 0.176 g at the
start of the study. The fish loading was calculated weekly
during the study and ranged from 0.16 g to 0.41g of fish/L.
Mean test temperature: 14.1°C (S.D. = 0.11), continuous
light: approximately 59 ft./candles during the study.
Dissolved oxygen ranged from 6.5 to 10.2 mg/l and pH ranged
from 6.1 to 7.5 during the study. Water hardness ranged
from 88 to 106 mg/l as CaCO3.
The lighting was continuous instead of the
guideline-required diurnal (16 hours of light and 8 hours of
darkness).
Mortality in the control group exceeded the guideline
maximum of 10% (actual control mortality was 2 out of 12
fish or 17%).
Glass carboys were used to prepare the WAFs, not aspirator
bottles as noted in the protocol.
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Reliability

:

20.12.2004

Treatments were mixed at test temperature (14.1°C), not at
room temperature as noted in the protocol.
The biomass loading rate for the study was determined weekly
through measurements of stock fish. The protocol notes that
the loading rate would not exceed a range of weight per
liter of solution per day. The loading rate was not
determined daily.
(2) valid with restrictions
Mortality in the control group exceeded the guideline
maximum of 10% (actual control mortality was 2 out of 12
fish or 17%).
(75) (93) (94) (111)

Acute Toxicity to Aquatic Vertebrates
Category Name:

GAS OILS

Category Chemical :

No. 2 Fuel Oil

Test Substance :

No. 2 Fuel Oil

Test Substance
Purity/Composition
and Other Test Substance
Comments :

Aromatics = 9.18%
n-paraffins = 7.38%

Category Chemical Result Type :

Measured

Test Substance Result Type:

Measured

Method
Year Study Performed :

1974

Method/Guideline Followed:

Similar to LaRoche, et al., J. Wat. Pollut. Control Fed. 42,1982-1989
(1970)

Deviations from
Method/Guideline :

None known

Species:

sheepshead minnow (Cyprinodon variegatus)

GLP:

No

Analytical Monitoring :

Yes

Test Type:

Static

Test Vessel:

1-L wide mouth jar
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Water Media Type:

Artificial seawater using distilled water and Instant Ocean commercial
salts (Aquarium systems, Inc.)

Test Concentrations:

Not stated

Nominal and Measured
Concentrations:

Not stated

Total Exposure Period:

96 hours

Vehicle Used:

None

Vehicle Name:

Vehicle Amount and Units:
Alkalinity:
Dissolved Oxygen:
Value or
Lower Range : Upper Range :

pH Value:

Test Temperature
and Units:

Value or
Lower Range :
Upper Range :

20±2°C

Photo (Light/Dark):
Salinity:

15 parts per thousand

TOC:
Water Hardness:

Value or
Lower Range:
Upper Range:

Test animals were field-collected from Galveston Bay, Texas, transported to the
laboratory and typically held for 5-7 days before testing in filtered, aerated,
artificial seawater (Instant Ocean) at 20±2°C. Fish were not held beyond 3 weeks.
Oil-water dispersions were independently prepared in sealed test vessels by
vigorous mixing on a shaker platform at 200 cycles/min for 5 min. The oil and
water layers were allowed to separate for 30-60 min before test animal were
Method/Guideline
added below the oil layer. At least 10 fish were added to each OWD at the
Test Conditions Remarks: beginning of the test. Air was supplied to each test vessel at the rate of three
bubbles/second. Periodically over the 96 h test period the fish were examined for
mortality, and dead fish were removed when found. Criteria for death were the
complete cessation of respiration and the absence of a response to prodding with
a glass rod. The 96-h TLm value was calculated using the graphical method of
Litchfield and Wilcoxon (1949). TLm values were expressed as parts per million
(ppm) oil added to water.
Petroleum hydrocarbons present in the aqueous phase of the OWDs were
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analyzed by infrared analysis. Aliquots were siphoned from below the oil layer.
Total petroleum hydrocarbons in the samples (carbon tetrachloride extractable
oil) were determined by the American Petroleum Institute method No. 733-58
(1958) with a Miran I single bean infrared analyzer. These analyses were used to
describe the behavior of the oils in water, and were not used to calculate TLm
values.
Limit Test:

Test Results
NOEC/LOEC/NOELR/LOELR
Exposure
Duration:

Exposure
Units:

Value or
Lower
Range:

Value
Description:

Upper
Range:

Units:

Basis for
Concentration:

NOEC:
LOEC:
NOELR:

LC/EC/IC/EL/LL Mean Value

Exposure
Duration:

Exposure
Units:

Type %:

Value
Description:

Mean
Value or
Lower
Mean
Value:

96

hours

TLm 50

=

93

Upper
Mean
Value:

Units:

mg/L

Basis for
Effect:

mortality

Basis for
Concentration:

mg oil added/L
dilution water

In a separate experiment, the loss of dissolved hydrocarbons in the
aqueous phase of a 1000 ppm OWD was measured between the end of
mixing and following 24 hours of aeration (3 bubbles/sec). Approximately
80% loss of dissolved hydrocarbons occurred over that time period. This
suggests that the OWDs used in the toxicity tests also experienced a
similar rate of hydrocarbon loss in the exposure medium.

Results Remarks:

Reliability/Data Quality
Reliability:

2

Reliability Remarks:

Reliable with restrictions. Testing was conducted using oil-waterdispersions and employed aeration of the test solutions. Loss of dissolved
hydrocarbons in the aqueous phase likely occurred.

Key Study Sponsor Indicator:

Reference
Reference:

Anderson, JW., J.M. Neff, B.A. Cox, H.E. Tatum, and G.M. Hightower.
1974. Characteristics of dispersions and water-soluble extracts of crude
and refined oils and their toxicity to estuarine crustaceans and fish. Mar.
Biol. 27:75-88.

Acute Toxicity to Aquatic Vertebrates
Category Name:

GAS OILS CATEGORY
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Category Chemical :

No. 2 Fuel Oil

Test Substance :

No. 2 Fuel Oil

Test Substance
Purity/Composition
and Other Test Substance
Comments :
Category Chemical Result Type :

Measured

Test Substance Result Type:

Measured

Method
Year Study Performed :

1982

Method/Guideline Followed:

similar to EPA (1975) EPA-660/3-75-009

Deviations from
Method/Guideline :
Species:

Fathead minnow (Pimephales promelas)

GLP:

No

Analytical Monitoring :

Yes, measurements made by fluorescence with an Aminco-Bowman
spectrophotofluorimeter.

Test Type:

Flow-through

Test Vessel:

25-L glass tanks

Water Media Type:

Lake Superior water

Test Concentrations:

Not given

Nominal and Measured
Concentrations:

Not given

Total Exposure Period:

8 days total, toxicological endpoints given for 96-h timepoint.

Vehicle Used:

None

Vehicle Name:

N/A
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Vehicle Amount and Units:

N/A

Alkalinity:

40 – 44 mg/L as CaCO3

Dissolved Oxygen:

60% - 100% Saturation

pH Value:

Value or
Lower Range : 7.1

Test Temperature
and Units:

Upper Range : 7.7

Value or
Lower Range :
Upper Range :

24±1°C

Photo (Light/Dark):

16 h light / 8 h dark; light photoperiod at 40±5 lumens

Salinity:

N/A

TOC:

Not given

Water Hardness:

Value or
Lower Range: 42
Upper Range: 49

Oil emulsions were made by blending 10% oil in water in a blender for two min.
This was used by the diluter to prepare subsequent dilutions and delivery to the
test vessels. Ten fish were placed in each of two replicate test vessels at each test
concentration. Fish were 30 to 60 days old when used in testing, and ranged in
weight from 0.03 to 0.04 g and in standard length from 1.6 to 1.7 cm.
The levels of oil in the exposure solutions were measured by fluorescence using
Method/Guideline
an Aminco-Bowman spectrophotofluorimeter. Samples for analysis were collected
Test Conditions Remarks: and prepared by adding 1 mL of 2-propanol to each 2 mL of sample and
measuring response at an emission wavelength of 350 mµ when excited at 234
mµ.
Mortalities were measured at 0, 1, 3, 6, 12, 24, and daily thereafter till the end of
the test. Death was determined by lack of movement upon gentle prodding, and
dead organisms were removed when found. The LC50s were calculated by the
moving average method.
Limit Test:

No

Test Results
NOEC/LOEC/NOELR/LOELR
Exposure
Duration:

Exposure
Units:

Value
Description:

Value or
Lower
Range:

NOEC:
LOEC:
NOELR:

LC/EC/IC/EL/LL Mean Value
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Exposure
Duration:

Exposure
Units:

Type %:

Mean
Value or
Lower
Mean
Value:

Value
Description:

Upper
Mean
Value:

Units:

Basis for
Effect:

Basis for
Concentration:

96

hours

LC

50 =

38.6

µL/L

mortality

measured

96

hours

LC

50 =

33

mg/L

mortality

calculated (see
Remarks)

The LC50 value determined by Hedtke and Puglisi (1982) was based on
units of µL toxicant solution per L water. CONCAWE (1996) calculated the
LC50 to be 33 mg/L using a specific gravity of 0.85 g/cm3. This reviewer
confirmed the calculation.

Results Remarks:

Reliability/Data Quality
Reliability:

2

Reliability Remarks:

The report is a well-documented publication that meets basic scientific
principles. However, the methods used for preparation and delivery of the
test solutions may have resulted in the release of volatile components.

Key Study Sponsor Indicator:

Reference
Hedtke, S.F., and F.A. Puglisi. 1982. Short-term toxicity of five oils to four
freshwater species. Arch. Environ. Contam. Toxicol. 11:425-430.

Reference:

Acute Toxicity to Aquatic Vertebrates
Category Name:

GAS OILS CATEGORY

Category Chemical :

No. 2 Fuel Oil

Test Substance :

No. 2 Fuel Oil

Test Substance
Purity/Composition
and Other Test Substance
Comments :
Category Chemical Result Type :

Measured

Test Substance Result Type:

Measured

Method
Year Study Performed :

1982

Method/Guideline Followed:

similar to EPA (1975) EPA-660/3-75-009
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Deviations from
Method/Guideline :
Species:

Flagfish (Jordanella floridae)

GLP:

No

Analytical Monitoring :

Yes, measurements made by fluorescence with an Aminco-Bowman
spectrophotofluorimeter.

Test Type:

Flow-through

Test Vessel:

25-L glass tanks

Water Media Type:

Lake Superior water

Test Concentrations:

Not given

Nominal and Measured
Concentrations:

Not given

Total Exposure Period:

8 days total, toxicological endpoints given for 96-h timepoint.

Vehicle Used:

None

Vehicle Name:

N/A

Vehicle Amount and Units:

N/A

Alkalinity:

40 – 44 mg/L as CaCO3

Dissolved Oxygen:

60% - 100% Saturation

pH Value:

Value or
Lower Range : 7.1

Test Temperature
and Units:

Upper Range : 7.7

Value or
Lower Range :
Upper Range :

24±1°C

Photo (Light/Dark):

16 h light / 8 h dark; light photoperiod at 40±5 lumens

Salinity:

N/A

TOC:

Not given
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Value or
Lower Range: 42
Upper Range: 49

Water Hardness:

Oil emulsions were made by blending 10% oil in water in a blender for two min.
This was used by the diluter to prepare subsequent dilutions and delivery to the
test vessels. Ten fish were placed in each of two replicate test vessels at each test
concentration. Fish were 30 to 60 days old when used in testing, and ranged in
weight from 0.03 to 0.04 g and in standard length from 1.6 to 1.7 cm.
The levels of oil in the exposure solutions were measured by fluorescence using
Method/Guideline
an Aminco-Bowman spectrophotofluorimeter. Samples for analysis were collected
Test Conditions Remarks: and prepared by adding 1 mL of 2-propanol to each 2 mL of sample and
measuring response at an emission wavelength of 350 mµ when excited at 234
mµ.
Mortalities were measured at 0, 1, 3, 6, 12, 24, and daily thereafter till the end of
the test. Death was determined by lack of movement upon gentle prodding, and
dead organisms were removed when found. The LC50s were calculated by the
moving average method.
Limit Test:

No

Test Results
NOEC/LOEC/NOELR/LOELR
Exposure
Duration:

Exposure
Units:

Value
Description:

Value or
Lower
Range:

Upper
Range:

Units:

Basis for
Concentration:

NOEC:
LOEC:
NOELR:

LC/EC/IC/EL/LL Mean Value

Exposure
Duration:

Exposure
Units:

Type %:

Value
Description:

Mean
Value or
Lower
Mean
Value:

Upper
Mean
Value:

Units:

Basis for
Effect:

Basis for
Concentration:

96

hours

LC

50 =

60.5

µL/L

mortality

measured

96

hours

LC

50 =

51

mg/L

mortality

calculated (see
Remarks)

Results Remarks:

The LC50 value determined by Hedtke and Puglisi (1982) was based on
units of µL toxicant solution per L water. CONCAWE (1996) calculated the
LC50 to be 33 mg/L using a specific gravity of 0.85 g/cm3. This reviewer
confirmed the calculation.

Reliability/Data Quality
Reliability:

2
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Reliability Remarks:

The report is a well-documented publication that meets basic scientific
principles. However, the methods used for preparation and delivery of the
test solutions may have resulted in the release of volatile components.

Key Study Sponsor Indicator:

Reference
Reference:

Hedtke, S.F., and F.A. Puglisi. 1982. Short-term toxicity of five oils to four
freshwater species. Arch. Environ. Contam. Toxicol. 11:425-430.

Acute Toxicity to Aquatic Vertebrates
Category Name: GAS OILS CATEGORY
Category Chemical :

Gas Oils

Test Substance :

Distillates (Petroleum), light catalytic cracked gas oil, CAS no.
64741-59-9

Test Substance
Purity/Composition
and Other Test Substance
Comments :

Relative Density (ASTM D4052) @ 60/60°F ................ 0.9618 g/mL
API Gravity @ 60°F ................................................. 15.6 °API
Boiling Range (ASTM D2887):
initial ................................. 142.7 °C
final ................................... 357.7 °C
Hydrocarbon Types by FIA (ASTM D1319):
Aromatics ........................... 75.3 vol %
Olefins ............................... 7.2 vol %
Saturates ........................... 17.5 vol %
Determination of aromatic content by supercritical fluid chromatography
(ASTM D5186):
Monoaromatics .................... 24.0 Wt %
Polynuclear aromatics........... >50.0 Wt %
Total aromatics ................... 83.5 Wt %

Category Chemical Result Type :

Measured

Test Substance Result Type:

Measured

Method
Year Study Performed :

2011

Method/Guideline Followed:

OECD 203, Fish, Acute Toxicity Test

Deviations from
Method/Guideline :

Due to the complex nature and limited solubility of the test substance,
test solutions were prepared as Water Accommodated Fractions (WAF).

Species:

Rainbow trout, Onchorhynchus mykiss

GLP:

Yes

Analytical Monitoring :

Yes
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Test Type:

Static-renewal, limit test

Test Vessel:

8-L glass aspirator bottles

Water Media Type:

Reconstituted moderately hard water using the recipe cited in APHA
(2005), Standard Methods for the Examination of Water and
Wastewater, 21st ed.

Test Concentrations:

WAF loading rate = 0.30 mg/L

Nominal and Measured
Concentrations:

Nominal WAF loading rate: 0 (control) and 0.30 mg/L
Geometric mean measured dissolved hydrocarbons: Not Detected
(<0.004 mg/L) and 0.21 mg/L

Total Exposure Period:

96 hours

Vehicle Used:

None

Vehicle Name:

Vehicle Amount and Units:
Alkalinity:

62 mg/L as CaCO3

Dissolved Oxygen:

Range for fresh solutions: 14 - 26 mg/L
Range for old solutions: 8.7 – 19 mg/L

pH Value:

Value or
Lower Range : 7.0 Upper Range : 8.3

Test Temperature
and Units:

Value or
Lower Range : 14.5 °C
Upper Range : 17.0 °C

Photo (Light/Dark):

16 hours light/8 hours dark
Daylight intensity range: 407 – 468 lux

Salinity:

N/A

TOC:

0.26 mg/L

Water Hardness:

Value or
Lower Range: 100 mg/L as CaCO3
Upper Range:

A single loading rate WAF treatment was prepared at 0.30 mg/L by adding the
appropriate volume of test substance to dilution water in a 20L glass aspirator
bottle. Dilution water had been supersaturated with oxygen prior to preparing the
WAF. The loading rate was determined from the volume of test substance added
Method/Guideline
and converted to mass per unit volume (mg/L) based on the density of the test
Test Conditions Remarks: substance. The bottle was closed with foil-covered stoppers, and the mixture was
stirred for approximately 24 hours on a magnetic stir plate. The stirring speed was
controlled such that the vortex was approximately 10% of the static liquid depth.
After the mixing period, the mixture was allowed to settle for approximately one
hour then the aqueous portion of each WAF solution was removed and used as the
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exposure solution. A fresh WAF was prepared daily for test solution renewals. A
control WAF was identically prepared except without the addition of test substance.
One test chamber was prepared for each of the treatment and control groups. The
test chambers were 8 L glass aspirator bottles containing approximately 8500 mL of
solution (no headspace) and closed with foil covered stoppers. Each test chamber
contained seven rainbow trout. Testing was conducted in an environmental
chamber where temperature and lighting was controlled. Observations for mortality
and abnormal behavior or appearance were performed at 6, 24, 48, 72 and 96 ±1
hour intervals after the beginning of the test. Observations of test substance
insolubility (e.g., surface slicks, precipitates, and adherence to the test chamber)
were recorded at the time of organism observations. Water quality (temperature,
pH, and dissolved oxygen) measurements were taken from the new and old
solutions.
Rainbow trout were supplied by Thomas Fish Company (Anderson, CA) and were
held in test dilution water for 18 days prior to use in the test. During holding they
were fed daily a ration of Finfish Starter (Zeigler Bros Inc., Gardners, PA). Feed was
withheld for approximately 2 days prior to and during testing. At the time of test
initiation, fish were 45 days old. The mean total length of the control fish was 4.1
cm and mean wet weight was 0.525 g when measured at the end of the test.
Organism loading was 0.45 g/L.
Concentrations of the test substance hydrocarbon components in the WAFs were
quantified against gas oil standards for automated static headspace gas
chromatography with flame ionization detection (HS GC-FID) analysis. The total
peak area for eluted hydrocarbon components from WAF headspace analysis was
summed for quantification. The distribution and percentage of gas oil components
measured in the WAFs differed from the neat gas oil sample owing to the differing
solubilities of individual gas oil hydrocarbons. Therefore, measured hydrocarbon
concentrations in the WAFs do not represent all hydrocarbons constituting the test
substance. Due to the complex nature of the test substance, no attempt was made
to identify and quantify specific hydrocarbons solubilized in the WAFs. Samples
were collected from each new water-accommodated fraction (WAF) and control
solution on Day 0 and Day 3. Samples of the old solutions were collected on Day 1
and Day 4. Samples were collected with no headspace in 40 mL VOA vials and
refrigerated pending analysis. The geometric mean of the measurements made in
the fresh and old WAFs were used in the data analysis.
Limit Test:

Yes

Test Results
NOEC/LOEC/NOELR/LOELR
Exposure
Duration:

Exposure
Units:

Value
Description:

Value or
Lower
Range:

NOEC:
LOEC:
NOELR:

LC/EC/IC/EL/LL Mean Value
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Exposure
Duration:

Exposure
Units:

96

hours

LL

96

hours

LC

Value
Description:

Mean
Value or
Lower
Mean
Value:

50

>

0.30

mg/L

mortality

WAF loading rate

50

>

0.21

mg/L

mortality

geometric mean measured
dissolved hydrocarbons

Type %:

Upper
Mean
Value:

Basis for
Effect:

Units:

Basis for
Concentration:

The study met the acceptability criteria for control mortality, abnormal
behavior and dissolved oxygen concentration. None of the control fish died
or exhibited abnormal behavior. There were no occurrences of insoluble
test substance observed in the WAF solutions.
Biological Results
Percent Effect at Time, hours
WAF
Loading
Rate,
mg/L
0
(control)

0.30

Observation

24

48

72

96

Mortality

0

0

0

0

Effects

100 N

100 N

100 N

100 N

Mortality

0

0

0

0

Effects

100 N

100 N

100 N

100 N

N = normal behavior

Results Remarks:

Measured concentrations do not represent all hydrocarbons constituting the
test substance. The distribution and percentage of gas oil components
measured in the WAFs differed from the parent gas oil sample owing to the
differing solubilities of individual gas oil hydrocarbons. Due to the complex
nature of the test substance, no attempt was made to identify and quantify
specific hydrocarbons solubilized in the WAFs. Results expressed as the
LC50 are based on the geometric mean of the measured concentrations of
hydrocarbons that solubilized from the test substance into the WAF at its
respective loading rate.
Analytical Results
WAF
Loading
Rate,
mg/L

Day 0
(new)

Day 1
(old)

Day 3
(new)

Day 4
(old)

Geometric
Mean,
mg/L

0 (control)

<0.004

<0.004

<0.004

<0.004

--

0.30

0.25

0.16

0.27

0.19

0.21

Practical Quantitation Limit = 0.004 mg/L

Reliability/Data Quality
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Reliability:

1

Reliability Remarks:

Reliable without restrictions; guideline study.

Key Study Sponsor Indicator:

Key

Reference
Reference:

EMBSI (ExxonMobil Biomedical Sciences Inc.) 2011. Oncorhynchus mykiss,
Fish Acute Toxicity Test on Water Accommodated Fractions of a Light
Hydrocracked Gas Oil. Final Report, Study No. 1057658, EMBSI,
Annandale, NJ USA.

Acute Toxicity to Aquatic Vertebrates
Category Name: GAS OILS CATEGORY
Category Chemical :

Gas Oils

Test Substance :

Distillates (Petroleum), light hydrocracked gas oil, CAS no. 64741-77-1

Test Substance
Purity/Composition
and Other Test Substance
Comments :

Density (ASTM D4052) @ 15°C/59°F .......................... 0.8244 g/mL
Relative Density @ 60°F .......................................... 0.8248 g/mL
API Gravity @ 60°F ................................................. 40.1 °API
Boiling Range (ASTM D2887):
initial ................................. 134.4 °C
final ................................... 290.4 °C
Hydrocarbon Types by FIA (ASTM D1319):
Aromatics ........................... 16.7 vol %
Olefins ............................... 1.5 vol %
Saturates ........................... 81.8 vol %
Determination of aromatic content by supercritical fluid chromatography
(ASTM D5186):
Monoaromatics .................... 20.8 Wt %
Polynuclear aromatics........... <0.5 Wt %
Total aromatics ................... 21.0 Wt %

Category Chemical Result Type :

Measured

Test Substance Result Type:

Measured

Method
Year Study Performed :

2011

Method/Guideline Followed:

OECD 203, Fish, Acute Toxicity Test

Deviations from
Method/Guideline :

Due to the complex nature and limited solubility of the test substance,
test solutions were prepared as Water Accommodated Fractions (WAF).

Species:

Rainbow trout, Onchorhynchus mykiss

GLP:

Yes

Analytical Monitoring :

Yes
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Test Type:

Static-renewal, limit test

Test Vessel:

8-L glass aspirator bottles

Water Media Type:

Reconstituted moderately hard water using the recipe cited in APHA
(2005), Standard Methods for the Examination of Water and Wastewater,
21st ed.

Test Concentrations:

WAF loading rate = 2.6 mg/L

Nominal and Measured
Concentrations:

Nominal WAF loading rate: 0 (control) and 2.6 mg/L
Geometric mean measured dissolved hydrocarbons: Not Detected
(<0.013 mg/L) and 0.54 mg/L

Total Exposure Period:

96 hours

Vehicle Used:

None

Vehicle Name:

Vehicle Amount and Units:
Alkalinity:

62 mg/L as CaCO3

Dissolved Oxygen:

Range for fresh solutions: 17 - 23 mg/L
Range for old solutions: 8.7 – 17 mg/L

pH Value:

Value or
Lower Range : 7.0 Upper Range : 8.3

Test Temperature
and Units:

Value or
Lower Range : 14.4 °C
Upper Range : 16.3 °C

Photo (Light/Dark):

16 hours light/8 hours dark
Daylight intensity range: 407 – 468 lux

Salinity:

N/A

TOC:

0.26 mg/L

Water Hardness:

Value or
Lower Range: 100 mg/L as CaCO3
Upper Range:

Method/Guideline
Test Conditions Remarks:

A single loading rate WAF treatment was prepared at 2.6 mg/L by adding the
appropriate volume of test substance to dilution water in a 20L glass aspirator
bottle. Dilution water had been supersaturated with oxygen prior to preparing the
WAF. The loading rate was determined from the volume of test substance added
and converted to mass per unit volume (mg/L) based on the density of the test
substance. The bottle was closed with foil-covered stoppers, and the mixture was
stirred for approximately 24 hours on a magnetic stir plate. The stirring speed was
controlled such that the vortex was approximately 10% of the static liquid depth.
After the mixing period, the mixture was allowed to settle for approximately one
hour then the aqueous portion of each WAF solution was removed and used as the
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exposure solution. A fresh WAF was prepared daily for test solution renewals. A
control WAF was identically prepared except without the addition of test substance.
One test chamber was prepared for each of the treatment and control groups. The
test chambers were 8 L glass aspirator bottles containing approximately 8500 mL of
solution (no headspace) and closed with foil covered stoppers. Each test chamber
contained seven rainbow trout. Testing was conducted in an environmental chamber
where temperature and lighting was controlled. Observations for mortality and
abnormal behavior or appearance were performed at 6, 24, 48, 72 and 96 ±1 hour
intervals after the beginning of the test. Observations of test substance insolubility
(e.g., surface slicks, precipitates, and adherence to the test chamber) were
recorded at the time of organism observations. Water quality (temperature, pH, and
dissolved oxygen) measurements were taken from the new and old solutions.
Rainbow trout were supplied by Thomas Fish Company (Anderson, CA) and were
held in test dilution water for 18 days prior to use in the test. During holding they
were fed daily a ration of Finfish Starter (Zeigler Bros Inc., Gardners, PA). Feed was
withheld for approximately 2 days prior to and during testing. At the time of test
initiation, fish were 45 days old. The mean total length of the control fish was 4.1
cm and mean wet weight was 0.525 g when measured at the end of the test.
Organism loading was 0.43 g/L.
Concentrations of the test substance hydrocarbon components in the WAFs were
quantified against gas oil standards for automated static headspace gas
chromatography with flame ionization detection (HS GC-FID) analysis. The total
peak area for eluted hydrocarbon components from WAF headspace analysis was
summed for quantification. The distribution and percentage of gas oil components
measured in the WAFs differed from the neat gas oil sample owing to the differing
solubilities of individual gas oil hydrocarbons. Therefore, measured hydrocarbon
concentrations in the WAFs do not represent all hydrocarbons constituting the test
substance. Due to the complex nature of the test substance, no attempt was made
to identify and quantify specific hydrocarbons solubilized in the WAFs. Samples were
collected from each new water-accommodated fraction (WAF) and control solution
on Day 0 and Day 3. Samples of the old solutions were collected on Day 1 and Day
4. Samples were collected with no headspace in 40 mL VOA vials and refrigerated
pending analysis. The geometric mean of the measurements made in the fresh and
old WAFs were used in the data analysis.
Limit Test:

Yes

Test Results
NOEC/LOEC/NOELR/LOELR
Exposure
Duration:

Exposure
Units:

Value
Description:

Value or
Lower
Range:

NOEC:
LOEC:
NOELR:

LC/EC/IC/EL/LL Mean Value
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Exposure
Duration:

Exposure
Units:

96

hours

LL

96

hours

LC

Value
Description:

Mean
Value or
Lower
Mean
Value:

50

>

2.6

mg/L

mortality

WAF loading rate

50

>

0.54

mg/L

mortality

geometric mean measured
dissolved hydrocarbons

Type %:

Upper
Mean
Value:

Basis for
Effect:

Units:

Basis for Concentration:

The study met the acceptability criteria for control mortality, abnormal
behavior and dissolved oxygen concentration. None of the control fish died
or exhibited abnormal behavior. There were no occurrences of insoluble test
substance observed in the WAF solutions.
Biological Results
Percent Effect at Time, hours
WAF
Loading
Rate,
mg/L
0
(control)

2.6

Observation

24

48

72

96

Mortality

0

0

0

0

Effects

100 N

100 N

100 N

100 N

Mortality

0

0

0

0

Effects

100 N

100 N

100 N

100 N

N = normal behavior

Results Remarks:

Measured concentrations do not represent all hydrocarbons constituting the
test substance. The distribution and percentage of gas oil components
measured in the WAFs differed from the parent gas oil sample owing to the
differing solubilities of individual gas oil hydrocarbons. Due to the complex
nature of the test substance, no attempt was made to identify and quantify
specific hydrocarbons solubilized in the WAFs. Results expressed as the
LC50 are based on the geometric mean of the measured concentrations of
hydrocarbons that solubilized from the test substance into the WAF at its
respective loading rate.
Analytical Results
WAF
Loading
Rate,
mg/L

Day 0
(new)

Day 1
(old)

Day 3
(new)

Day 4
(old)

Geometric
Mean,
mg/L

0 (control)

<0.013

<0.013

<0.013

<0.013

--

2.6

0.63

0.41

0.67

0.49

0.54

Practical Quantitation Limit = 0.013 mg/L

Reliability/Data Quality
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Reliability:

1

Reliability Remarks:

Reliable without restrictions; guideline study.

Key Study Sponsor Indicator:

Key

Reference
EMBSI (ExxonMobil Biomedical Sciences Inc.) 2011. Oncorhynchus mykiss,
Fish Acute Toxicity Test on Water Accommodated Fractions of a Light
Hydrocracked Gas Oil. Final Report, Study No. 1057758, EMBSI, Annandale,
NJ USA.

Reference:

4.2

ACUTE TOXICITY TO AQUATIC INVERTEBRATES

Type
Species
Exposure period
Unit
EL50
Analytical monitoring
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:

static
Daphnia magna (Crustacea)
48 hour(s)
mg/l
= 7.81 measured/nominal
yes
OECD Guide-line 202
2000
yes
other TS: CAS 68476-30-2, No. 2 Fuel oil (gas oil, unspecified)

Method

:

Result

:

Statistical Method: Probit analysis, Finney. D.J. Stat.
Method in Biological Assay. 2nd ed. London, 1984.
Number of immobilized daphnids after 48 hours were:
Treatment
No. immobilized Daphnids
conc. (mg/l)
0 (control
1
0.625
0
1.25
0
2.5
2
5.0
9
10.0
10

Source

:

Test condition

:

48-hr EL50 = 7.81 mg/l based upon nominal loading rate, 95%
C.I. range 48-hr EL50 = 5.00-10.02 mg/l loading
Study sponsor-DGMK, Deutsche Wissenschaftliche Gesellschaft
fur Erdol, Erdgas und Kohle (German Research Organization
for Oil, Gas and Coal). Distributed by CONCAWE
Test solutions were prepared as water accommodated fractions
(WAFs). Control and dilution water were purified, sterilized
drinking water. Purification includes filtration with
charcoal, aeration and passage through a lime stone column.
This final step may be a factor causing high, but apparently
non-toxic pH values for the purified water (>8.5 to 9.88).
Equilibration studies were conducted for a diesel and fuel
oil at 100 and 1000 mg/l loading. WAFS were prepared in
duplicate by mixing the appropriate mass of substance in 2
liter of water for 70 hr in sealed brown glass screw top
bottles fitted w/ a port near the bottle bottom for drawing
off WAF samples for GC analysis. An equilibration time of
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21 hr was deemed sufficient to achieve maximum aqueous phase
saturation of the gas oils.Range finding toxicity studies
were conducted for all gas oils at 10 and 100 mg/l loading,
using WAFS which were divided into duplicate aliquots and
tested. Definitive toxicity studies were conducted at 0.625,
1.25, 2.5, 5.0 & 10.0 mg/l loading, using WAFS which were
divided into duplicate aliquots and tested. Test vessels
were sealed 200 ml conical flasks with10 daphnids per flask
and were completely filled with test solution. Dissolved
oxygen was >60% saturation during the study. The pH was 9.11
at test start and 8.97 at the end (high value may be a
concern). Temperature was 20.1-20.5 °C. Daphnia magna,
STRAUS clone 5 organisms were supplied by testing
laboratory; age < 24 hours old; second generation collected
from cultures aged at least 3 weeks old.

Test substance

:

Reliability

:

Analytical monitoring confirmed consistency of solubilized
components of gas oil in aqueous solution, and was also used
during WAF preparation to evaluate equilibration period
required for maximum solubility of components. GC/FID
analysis of cyclohexane extracts of WAF was based on ISO/DIS
9377-4:1999 method. The individual peak areas of four
significant components detected in the WAF extracts were
compared to the peak area of the internal standard,
n-tetratriacontane. The ratios of each of the four
component peak areas to internal standard peak area measured
during the equilibration test remained constant after 21
hours of mixing, indicating this was sufficient time to
reach maximum solubility for those hydrocarbons with
affinity to partition to the aqueous phase. This
normalization of peak area was also used to confirm
stability of the WAF during the acute range finder and
definitive toxicity tests.
HEL-blend: middle range distillate; 44% Coker
(+hydrotreating), 15% FCC (+hydrotreating), 41% straight
run; sample ID A-2133
(2) valid with restrictions
(2) Reliable with restriction due to high pH value of
purified water, ie, values >8.5 for all treatments up to
9.88. However mortality was <10% for control treatments
tested concurrently with each of the eight WAFS (5% was
observed for one control treatment, no mortality for any
other control tests). The high pH may not be of concern,
given that the organisms are cultured using this purified
water.

03.11.2003
Type
Species
Exposure period
Unit
EL50
Analytical monitoring
Method
Year
GLP
Test substance

(95)
:
:
:
:
:
:
:
:
:
:

Static
Daphnia magna (Crustacea)
48 hour(s)
mg/l
= 12.99 measured/nominal
Yes
OECD Guide-line 202
2000
Yes
other TS: CAS No. 68476-34-6; diesel fuel (Gas oil, unspecified
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Method

:

Result

:

Source

:

Test condition

:

Test substance

:

Statistical method: Probit analysis, Finney. D.J. Stat.
Method in Biological Assay. 2nd ed. London, 1984.
Number of immobilized daphnids after 48 hours were 0, 5, 12,
14, 15, and 17 in the control, 6.25, 12.5, 25, 50 & 100
mg/l treatments, respectively. 48-hr EL50 = 12.99 mg/l
based upon nominal loading rate,95% C.I. range 48-hr EL50 =
7.53-22.41 mg/l loading
Study sponsor-DGMK, Deutsche Wissenschaftliche Gesellschaft
fur Erdol, Erdgas und Kohle (German Research Organization
for Oil, Gas and Coal). Distributed by CONCAWE.
Test solutions were prepared as water accommodated fractions
(WAFs). Control and dilution water were purified, sterilized
drinking water. Purification includes filtration with
charcoal, aeration and passage through a lime stone column.
This final step may be a factor causing high, but apparently
non-toxic pH values for the purified water (>8.5 to 9.88).
Equilibration studies were conducted for a diesel and fuel
oil at 100 and 1000 mg/l loading. WAFS were prepared in
duplicate by mixing the appropriate mass of substance in
2liter of water for 70 hr in sealed brown glass screw top
bottles fitted w/ a port near the bottle bottom for drawing
off WAF samples for GC analysis. An equilibration time of
21 hr was deemed sufficient to achieve maximum aqueous phase
saturation of the gas oils.Range finding toxicity studies
were conducted for all gas oils at 10 and 100 mg/l loading,
using WAFS which were divided into duplicate aliquots and
tested. Definitive toxicity studies were conducted at 6.25,
12.5, 25, 50 & 100 mg/l loading, using WAFS which were
divided into duplicate aliquots and tested. Test vessels
were sealed 200 ml conical flasks with10 daphnids per flask
and were completely filled with test solution. Dissolved
oxygen was >60% saturation during the study. The pH of the
test system solutions ranged from 9.59 to 9.74 (high value
may be concern). Temperature was 20.0-20.6 °C.Daphnia
magna, STRAUS clone 5 organisms were supplied by testing
laboratory; age < 24 hours old; second generation collected
from cultures aged at least 3 weeks old.
Analytical monitoring confirmed consistency of solubilized
components of gas oil in aqueous solution, and was also used
during WAF preparation to evaluate equilibration period
required for maximum solubility of components. GC/FID
analysis of cyclohexane extracts of WAF was based on ISO/DIS
9377-4:1999 method. The individual peak areas of four
significant components detected in the WAF extracts were
compared to the peak area of the internal standard,
n-tetratriacontane. The ratios of each of the four
component peak areas to internal standard peak area measured
during the equilibration test remained constant after 21
hours of mixing, indicating this was sufficient time to
reach maximum solubility for those hydrocarbons with
affinity to partition to the aqueous phase. This
normalization of peak area was also used to confirm
stability of the WAF during the acute range finder and
definitive toxicity tests.
10% Kero, 53% hydrotreated LGO, 37% hydrotreated HGO;
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Reliability

:

sample ID A-2145
(2) valid with restrictions
(2) Reliable with restriction due to high pH value of
purified water, ie, values >8.5 for all treatments up to
9.88. However mortality was <10% for control treatments
tested concurrently with each of the eight WAFS (5% was
observed for one control treatment, no mortality for any
other control tests). The high pH may not be of concern,
given that the organisms are cultured using this purified
water.

03.11.2003

(95)

Type
Species
Exposure period
Unit
EL50
Analytical monitoring
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:

Static
Daphnia magna (Crustacea)
48 hour(s)
mg/l
= 5.3 measured/nominal
Yes
OECD Guide-line 202
2000
Yes
other TS: CAS No. 68476-30-2; No. 2 fuel oil (Gas oil, unspecified)

Method

:

Result

:

Source

:

Test condition

:

Statistical Method: Probit analysis, Finney. D.J. Stat.
Method in Biological Assay. 2nd ed. London, 1984.
Number of immobilized daphnids after 48 hours were 0, 0, 0,
7, 8, and 14 in the control, 0.625, 1.25, 2.5, 5.0 & 10.0
mg/l treatments, respectively.48-hr EL50 = 5.30 mg/L based
upon nominal loading rate,95% C.I. range 48-hr EL50 =
3.22-8.71 mg/l loading
Study sponsor-DGMK, Deutsche Wissenschaftliche Gesellschaft
fur Erdol, Erdgas und Kohle (German Research Organization
for Oil, Gas and Coal). Distributed by CONCAWE.
Test solutions were prepared as water accommodated fractions
(WAFs). Control and dilution water were purified, sterilized
drinking water. Purification includes filtration with
charcoal, aeration and passage through a lime stone column.
This final step may be a factor causing high, but apparently
non-toxic pH values for the purified water (>8.5 to 9.88).
Equilibration studies were conducted for a diesel and fuel
oil at 100 and 1000 mg/l loading. WAFS were prepared in
duplicate by mixing the appropriate mass of substance in 2
liters of water for 70 hr in sealed brown glass screw top
bottles fitted w/ a port near the bottle bottom for drawing
off WAF samples for GC analysis. An equilibration time of
21 hr was deemed sufficient to achieve maximum aqueous phase
saturation of the gas oils. Range finding toxicity studies
were conducted for all gas oils at 10 and 100 mg/l loading,
using WAFS which were divided into duplicate aliquots and
tested. Definitive toxicity studies were conducted at 0.625,
1.25, 2.5, 5.0 & 10.0 mg/l loading, using WAFS which were
divided into duplicate aliquots and tested.Test vessels were
sealed 200 ml conical flasks with 10 daphnids per flask and
were completely filled with test solution. Dissolved oxygen
was >60% saturation during the study. The pH was 9.20
through 9.38 (high value may be concern). Temperature was
20.1-20.5 °C.Daphnia magna, STRAUS clone 5 organisms were
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supplied by testing laboratory; age < 24 hours old; second
generation collected from cultures aged at least 3 weeks
old.

Test substance
Reliability

:
:

Analytical monitoring confirmed consistency of solubilized
components of gas oil in aqueous solution, and was also used
during WAF preparation to evaluate equilibration period
required for maximum solubility of components. GC/FID
analysis of cyclohexane extracts of WAF was based on ISO/DIS
9377-4:1999 method. The individual peak areas of four
significant components detected in the WAF extracts were
compared to the peak area of the internal standard,
n-tetratriacontane. The ratios of each of the four
component peak areas to internal standard peak area measured
during the equilibration test remained constant after 21
hours of mixing, indicating this was sufficient time to
reach maximum solubility for those hydrocarbons with
affinity to partition to the aqueous phase. This
normalization of peak area was also used to confirm
stability of the WAF during the acute range finder and
definitive toxicity tests.
13% Kero, 12% LGO, 75% hydrotreated LVGO; sample ID A-2146
(2) valid with restrictions
(2) Reliable with restriction due to high pH value of
purified water, ie, values >8.5 for all treatments up to
9.88. However mortality was <10% for control treatments
tested concurrently with each of the eight WAFS (5% was
observed for one control treatment, no mortality for any
other control tests). The high pH may not be of concern,
given that the organisms are cultured using this purified
water.

03.11.2003

(95)

Type
Species
Exposure period
Unit
EL50
Analytical monitoring
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:

Static
Daphnia magna (Crustacea)
48 hour(s)
mg/l
= 6.35 measured/nominal
Yes
OECD Guide-line 202
2000
Yes
other TS: CAS No. 68476-34-6; diesel fuel (Gas oil, unspecified)

Method

:

Result

:

Source

:

Test condition

:

Statistical Method: Probit analysis, Finney. D.J. Stat.
Method in Biological Assay. 2nd ed. London, 1984.
Number of immobilized daphnids after 48 hours were 0, 1, 10,
15, 15, and 17 in the control, 1.90, 3.75, 7.5, 15.0 & 30.0
mg/l treatments, respectively.48-hr EL50 = 6.35 mg/l based
upon nominal loading rate. 95% C.I. range 48-hr EL50 =
4.59-8.78 mg/l loading
Study sponsor-DGMK, Deutsche Wissenschaftliche Gesellschaft
fur Erdol, Erdgas und Kohle (German Research Organization
for Oil, Gas and Coal). Distributed by CONCAWE.
Test solutions were prepared as water accommodated fractions
(WAFs). Control and dilution water were purified, sterilized
drinking water. Purification includes filtration with
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charcoal, aeration and passage through a lime stone column.
This final step may be a factor causing high, but apparently
non-toxic pH values for the purified water (>8.5 to 9.88).
Equilibration studies were conducted for a diesel and fuel
oil at 100 and 1000 mg/l loading. WAFS were prepared in
duplicate by mixing the appropriate mass of substance in 2
liters of water for 70 hr in sealed brown glass screw top
bottles fitted w/ a port near the bottle bottom for drawing
off WAF samples for GC analysis. An equilibration time of
21 hr was deemed sufficient to achieve maximum aqueous phase
saturation of the gas oils. Range finding toxicity studies
were conducted for all gas oils at 10 and 100 mg/l loading,
using WAFS which were divided into duplicate aliquots and
tested. Definitive toxicity studies were conducted at 1.90,
3.75, 7.5, 15.0 & 30.0 mg/l loading, using WAFS which were
divided into duplicate aliquots and tested. Test vessels
were sealed 200 ml conical flasks with 10 daphnids per flask
and were completely filled with test solution. Dissolved
oxygen was >60% saturation during the study. The pH of the
test solutions ranged from 9.26 to 9.63 (high value may be
concern). Temperature was 20.1-20.3 °C. Daphnia magna,
STRAUS clone 5 organisms were supplied by testing
laboratory; age < 24 hours old; second generation collected
from cultures aged at least 3 weeks old.

Test substance

:

Reliability

:

Analytical monitoring confirmed consistency of solubilized
components of gas oil in aqueous solution, and was also used
during WAF preparation to evaluate equilibration period
required for maximum solubility of components. GC/FID
analysis of cyclohexane extracts of WAF was based on ISO/DIS
9377-4:1999 method. The individual peak areas of four
significant components detected in the WAF extracts were
compared to the peak area of the internal standard,
n-tetratriacontane. The ratios of each of the four
component peak areas to internal standard peak area measured
during the equilibration test remained constant after 21
hours of mixing, indicating this was sufficient time to
reach maximum solubility for those hydrocarbons with
affinity to partition to the aqueous phase. This
normalization of peak area was also used to confirm
stability of the WAF during the acute range finder and
definitive toxicity tests.
13% SR Kero CD3/4; 18% SR LGO CD3/4; 59% hydrotreated LGO
CD3; 6% hydrotreated LGO CD4; 3% hydrotreated SGO CD3/4, 2%
hydrotreated LCO; 2% hydrotreated Kero; sample ID A-2150
(2) valid with restrictions
(2) Reliable with restriction due to high pH value of
purified water, ie, values >8.5 for all treatments up to
9.88. However mortality was <10% for control treatments
tested concurrently with each of the eight WAFS (5% was
observed for one control treatment, no mortality for any
other control tests). The high pH may not be of concern,
given that the organisms are cultured using this purified
water.

03.11.2003
Type

(95)
:

Static
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Species
Exposure period
Unit
EL50
Analytical monitoring
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:

Daphnia magna (Crustacea)
48 hour(s)
mg/l
= 14.49 measured/nominal
Yes
OECD Guide-line 202
2000
Yes
other TS: CAS No. 68476-30-2; fuel oil (Gas oil, unspecified)

Method

:

Result

:

Source

:

Test condition

:

Statistical Method: Probit analysis, Finney. D.J. Stat.
Method in Biological Assay. 2nd ed. London, 1984.
Number of immobilized daphnids after 48 hours were 0, 0, 15,
15, 16 and 18 in the control, 1.5, 3.0, 6.00, 12.0 & 24.00
mg/l treatments, respectively.48-hr EL50 = 14.49 mg/l based
upon nominal loading rate.95% C.I. range 48-hr EL50 =
10.57-19.86 mg/l loading
Study sponsor-DGMK, Deutsche Wissenschaftliche Gesellschaft
fur Erdol, Erdgas und Kohle (German Research Organization
for Oil, Gas and Coal). Distributed by CONCAWE.
Test solutions were prepared as water accommodated fractions
(WAFs). Control and dilution water were purified, sterilized
drinking water. Purification includes filtration with
charcoal, aeration and passage through a lime stone column.
This final step may be a factor causing high, but apparently
non-toxic pH values for the purified water (>8.5 to 9.88).
Equilibration studies were conducted for a diesel and fuel
oil at 100 and 1000 mg/l loading. WAFS were prepared in
duplicate by mixing the appropriate mass of substance in 2
liters of water for 70 hr in sealed brown glass screw top
bottles fitted w/ a port near the bottle bottom for drawing
off WAF samples for GC analysis. An equilibration time of
21 hr was deemed sufficient to achieve maximum aqueous phase
saturation of the gas oils. Range finding toxicity studies
were conducted for all gas oils at 10 and 100 mg/l loading,
using WAFS which were divided into duplicate aliquots and
tested. Definitive toxicity studies were conducted at 1.5,
3.0, 6.00, 12.0, & 24.00 mg/l loading, using WAFS which were
divided into duplicate aliquots and tested. Test vessels
were sealed 200 ml conical flasks with 10 daphnids per flask
and were completely filled with test solution. Dissolved
oxygen was >60% saturation during the study. The pH of the
test system solutions ranged from 9.15 to 9.25 (high value
may be a concern). Temperature was 19.9-20.2 °C. Daphnia
magna, STRAUS clone 5 organisms were supplied by testing
laboratory; age < 24 hours old; second generation collected
from cultures aged at least 3 weeks old.
. Analytical monitoring confirmed consistency of solubilized
components of gas oil in aqueous solution, and was also used
during WAF preparation to evaluate equilibration period
required for maximum solubility of components. GC/FID
analysis of cyclohexane extracts of WAF was based on ISO/DIS
9377-4:1999 method. The individual peak areas of four
significant components detected in the WAF extracts were
compared to the peak area of the internal standard,
n-tetratriacontane. The ratios of each of the four
Page 65 of 363

Id Gas Oils

4. Ecotoxicity

Date October 23, 2012

Test substance

:

Reliability

:

component peak areas to internal standard peak area measured
during the equilibration test remained constant after 21
hours of mixing, indicating this was sufficient time to
reach maximum solubility for those hydrocarbons with
affinity to partition to the aqueous phase. This
normalization of peak area was also used to confirm
stability of the WAF during the acute range finder and
definitive toxicity tests
36% hydrotreated LGO CD4; 16% hydrotreated LCO; 2%
hydrotreated VGO; 3% hydrotreated VB-GO; 7% hydrotreated CC
Kero; 6% SR Kero CD3/4; 23% SR LGO CD3/4; 1% LCO; 6% SRHGO;
sample ID A-2151
(2) valid with restrictions
(2) Reliable with restriction due to high pH value of
purified water, ie, values >8.5 for all treatments up to
9.88. However mortality was <10% for control treatments
tested concurrently with each of the eight WAFS (5% was
observed for one control treatment, no mortality for any
other control tests). The high pH may not be of concern,
given that the organisms are cultured using this purified
water.

03.11.2003

(95)

Type
Species
Exposure period
Unit
EL50
Analytical monitoring
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:

Static
Daphnia magna (Crustacea)
48 hour(s)
mg/l
= 36.01 measured/nominal
Yes
OECD Guide-line 202
2000
Yes
other TS: CAS No. 68476-34-6; No. 2 diesel fuel (Gas oil, unspecified)

Method

:

Result

:

Source

:

Test condition

:

Statistical Method: Probit analysis, Finney. D.J. Stat.
Method in Biological Assay. 2nd ed. London, 1984.
Number of immobilized daphnids after 48 hours were 0, 0, 4,
5, 12, and 17 in the control, 6.25, 12.5, 25, 50 & 100 mg/l
treatments, respectively.48-hr EL50 = 36.01 mg/L based upon
nominal loading rate.;95% C.I. range 48-hr EL50 =
25.52-50.79 mg/l loading
Study sponsor-DGMK, Deutsche Wissenschaftliche Gesellschaft
fur Erdol, Erdgas und Kohle (German Research Organization
for Oil, Gas and Coal). Distributed by CONCAWE.
Test solutions were prepared as water accommodated fractions
(WAFs). Control and dilution water were purified, sterilized
drinking water. Purification includes filtration with
charcoal, aeration and passage through a lime stone column.
This final step may be a factor causing high, but apparently
non-toxic pH values for the purified water (>8.5 to 9.88).
Equilibration studies were conducted for a diesel and fuel
oil at 100 and 1000 mg/l loading. WAFS were prepared in
duplicate by mixing the appropriate mass of substance in 2
liters of water for 70 hr in sealed brown glass screw top
bottles fitted w/ a port near the bottle bottom for drawing
off WAF samples for GC analysis. An equilibration time of
21 hr was deemed sufficient to achieve maximum aqueous phase
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saturation of the gas oils. Range finding toxicity studies
were conducted for all gas oils at 10 and 100 mg/l loading,
using WAFS which were divided into duplicate aliquots and
tested. Definitive toxicity studies were conducted at 6.25,
12.5, 25, 50 & 100 mg/l loading, using WAFS which were
divided into duplicate aliquots and tested. Test vessels
were sealed 200 ml conical flasks with10 daphnids per flask
and were completely filled with test solution. Dissolved
oxygen was >60% saturation during the study. The pH of the
test system solutions ranged from 9.55 to 9.65 (high value
may be a concern). Temperature was 20.0-20.6 °C. Daphnia
magna, STRAUS clone 5 organisms were supplied by testing
laboratory; age < 24 hours old; second generation collected
from cultures aged at least 3 weeks old.

Test substance

:

Reliability

:

Analytical monitoring confirmed consistency of solubilized
components of gas oil in aqueous solution, and was also used
during WAF preparation to evaluate equilibration period
required for maximum solubility of components. GC/FID
analysis of cyclohexane extracts of WAF was based on ISO/DIS
9377-4:1999 method. The individual peak areas of four
significant components detected in the WAF extracts were
compared to the peak area of the internal standard,
n-tetratriacontane. The ratios of each of the four
component peak areas to internal standard peak area measured
during the equilibration test remained constant after 21
hours of mixing, indicating this was sufficient time to
reach maximum solubility for those hydrocarbons with
affinity to partition to the aqueous phase. This
normalization of peak area was also used to confirm
stability of the WAF during the acute range finder and
definitive toxicity tests.
DK-blend: middle range distillate; 81% hydrotreating, 19%
straight run, sample ID A-2152
(2) valid with restrictions
(2) Reliable with restriction due to high pH value of
purified water, ie, values >8.5 for all treatments up to
9.88. However mortality was <10% for control treatments
tested concurrently with each of the eight WAFS (5% was
observed for one control treatment, no mortality for any
other control tests). The high pH may not be of concern,
given that the organisms are cultured using this purified
water.

03.11.2003

(95)

Type
Species
Exposure period
Unit
EL50
Analytical monitoring
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:

Static
Daphnia magna (Crustacea)
48 hour(s)
mg/l
= 9.57 measured/nominal
Yes
OECD Guide-line 202
2000
Yes
other TS: CAS No. 68476-34-6; diesel fuel (Gas oil, unspecified)

Method

:

Statistical Method: Probit analysis, Finney. D.J. Stat.
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Result

:

Source

:

Test condition

:

Test substance

:

Reliability

:

Method in Biological Assay. 2nd ed. London, 1984.
Number of immobilized daphnids after 48 hours were 0, 0, 9,
13, 18, and 19 in the control, 3.125, 6.25, 12.5, 25, and 50
mg/l treatments, respectively. Twenty daphnids per treatment
were used.48-hr EL50 = 9.57 mg/l based upon nominal loading
rate. 95% C.I. range 48-hr EL50 = 7.34-12.46 mg/l loading.
Study sponsor-DGMK, Deutsche Wissenschaftliche Gesellschaft
fur Erdol, Erdgas und Kohle (German Research Organization
for Oil, Gas and Coal). Distributed by CONCAWE.
Test solutions were prepared as water accommodated fractions
(WAF). Control and dilution water were purified, sterilized
drinking water. Purification includes filtration with
charcoal, aeration and passage through a lime stone column.
This final step may be a factor causing high, but apparently
non-toxic pH values for the purified water (>8.5 to 9.88).
Equilibration studies were conducted for a diesel and fuel
oil at 100 and 1000 mg/l loading. WAFS were prepared in
duplicate by mixing the appropriate mass of substance in 2
liters of water for 70 hr in sealed brown glass screw top
bottles fitted w/ a port near the bottle bottom for drawing
off WAF samples for GC analysis. An equilibration time of
21 hr was deemed sufficient to achieve maximum aqueous phase
saturation of the gas oils. Range finding toxicity studies
were conducted for all gas oils at 10 and 100 mg/l loading,
using WAFS which were divided into duplicate aliquots and
tested. Definitive toxicity studies were conducted at 3.125,
6.25, 12.5, 25, & 50 mg/l loading, using WAFS which were
divided into duplicate aliquots and tested. Test vessels
were sealed 200 ml conical flasks with 10 daphnids per flask
and were completely filled with test solution. Dissolved
oxygen was >60% saturation during the study. The pH of the
test system solutions ranged from 9.41 to 9.67 (high value
may be a concern). Temperature was 20.1-20.3 °C. Daphnia
magna, STRAUS clone 5 organisms were supplied by testing
laboratory; age < 24 hours old; second generation collected
from cultures aged at least 3 weeks old.
. Analytical monitoring confirmed consistency of solubilized
components of gas oil in aqueous solution, and was also used
during WAF preparation to evaluate equilibration period
required for maximum solubility of components. GC/FID
analysis of cyclohexane extracts of WAF was based on ISO/DIS
9377-4:1999 method. The individual peak areas of four
significant components detected in the WAF extracts were
compared to the peak area of the internal standard,
n-tetratriacontane. The ratios of each of the four
component peak areas to internal standard peak area measured
during the equilibration test remained constant after 21
hours of mixing, indicating this was sufficient time to
reach maximum solubility for those hydrocarbons with
affinity to partition to the aqueous phase. This
normalization of peak area was also used to confirm
stability of the WAF during the acute range finder and
definitive toxicity tests.
31% Kerosene SR; 27% kerosene HDS; 21% middle oil HDS; 21%
middle oil HC; sample ID A-2181
(2) valid with restrictions
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(2) Reliable with restriction due to high pH value of
purified water, ie, values >8.5 for all treatments up to
9.88. However mortality was <10% for control treatments
tested concurrently with each of the eight WAFS (5% was
observed for one control treatment, no mortality for any
other control tests). The high pH may not be of concern,
given that the organisms are cultured using this purified
water.
03.11.2003

(95)

Type
Species
Exposure period
Unit
EL50
Analytical monitoring
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:

Static
Daphnia magna (Crustacea)
48 hour(s)
mg/l
= 42.43 measured/nominal
Yes
OECD Guide-line 202
2000
Yes
other TS: CAS No. 68476-30-2; fuel oil (Gas oil, unspecified)

Method

:

Result

:

Source

:

Test condition

:

Statistical Method: Probit analysis, Finney. D.J. Stat.
Method in Biological Assay. 2nd ed. London, 1984.
Number of immobilized daphnids after 48 hours were 0, 0, 3,
6, 14, and 17 in the control, 7.5, 15, 30, 60, and 120 mg/l
treatments, respectively. Twenty daphnids per treatment were
used. 48-hr EL50 = 42.43 mg/l based upon nominal loading
rate, 95% C.I. range 48-hr EL50 = 31.59-56.97 mg/l loading.
Study sponsor-DGMK, Deutsche Wissenschaftliche Gesellschaft
fur Erdol, Erdgas und Kohle (German Research Organization
for Oil, Gas and Coal). Distributed by CONCAWE.
Test solutions were prepared as water accommodated fractions
(WAFs). Control and dilution water were purified, sterilized
drinking water. Purification includes filtration with
charcoal, aeration and passage through a lime stone column.
This final step may be a factor causing high, but apparently
non-toxic pH values for the purified water (>8.5 to 9.88).
Equilibration studies were conducted for a diesel and fuel
oil at 100 and 1000 mg/l loading. WAFS were prepared in
duplicate by mixing the appropriate mass of substance in 2
liters of water for 70 hr in sealed brown glass screw top
bottles fitted w/ a port near the bottle bottom for drawing
off WAF samples for GC analysis. An equilibration time of
21 hr was deemed sufficient to achieve maximum aqueous phase
saturation of the gas oils. Range finding toxicity studies
were conducted for all gas oils at 10 and 100 mg/l loading,
using WAFS which were divided into duplicate aliquots and
tested. Definitive toxicity studies were conducted at 7.5,
15, 30, 60, & 120 mg/l loading, using WAFS which were
divided into duplicate aliquots and tested. Test vessels
were sealed 200 ml conical flasks with10 daphnids per flask
and were completely filled with test solution. Dissolved
oxygen was >60% saturation during the study. The pH of the
test system solutions ranged from 9.17 to 9.33. Temperature
was 19.9-20.2 °C. Daphnia magna, STRAUS clone 5 organisms
were supplied by testing laboratory; age < 24 hours old;
second generation collected from cultures aged at least 3
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weeks old.

Test substance

:

Reliability

:

Analytical monitoring confirmed consistency of solubilized
components of gas oil in aqueous solution, and was also used
during WAF preparation to evaluate equilibration period
required for maximum solubility of components. GC/FID
analysis of cyclohexane extracts of WAF was based on ISO/DIS
9377-4:1999 method. The individual peak areas of four
significant components detected in the WAF extracts were
compared to the peak area of the internal standard,
n-tetratriacontane. The ratios of each of the four
component peak areas to internal standard peak area measured
during the equilibration test remained constant after 21
hours of mixing, indicating this was sufficient time to
reach maximum solubility for those hydrocarbons with
affinity to partition to the aqueous phase. This
normalization of peak area was also used to confirm
stability of the WAF during the acute range finder and
definitive toxicity tests.
7.4% Kerosene SR; 87% middle oil HDS; 5.7% middle oil SR;
sample ID A-2182
(2) valid with restrictions
(2) Reliable with restriction due to high pH value of
purified water, ie, values >8.5 for all treatments up to
9.88. However mortality was <10% for control treatments
tested concurrently with each of the eight WAFS (5% was
observed for one control treatment, no mortality for any
other control tests). The high pH may not be of concern,
given that the organisms are cultured using this purified
water.

03.11.2003

(95)

Type
Species
Exposure period
Unit
LL50
Analytical monitoring
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:

Static
Daphnia magna (Crustacea)
48 hour(s)
mg/l
= 2 measured/nominal
Yes
OECD Guide-line 202
1998
No
other TS: CAS No. 68476-30-2; No. 2 fuel oil

Method
Remark

:
:

Statistical Method: Trimmed Spearman Karber Method, 1977.
Data have been developed which allow the quantification of
complex hydrocarbons in water on a molar basis using SPME.
(Parkerton, T.F., etal., Biomimetic Extraction as a
Cost-Effective Analytical Tool for Determining the Aquatic
Toxicity Hazard of Complex Petroleum Products, SETAC Europe,
2001). The measured molar concentrations reflect those
portions that are potentially bioaccumulative in aquatic and
terrestrial species. SPME is a surrogate for organism lipid
and since it is measuring dissolved, unbound hydrocarbon,
the BPH concentration on the fiber is a direct measure of
potential toxicity. Data developed at EMBSI comparing SPME
molar concentrations of fuel oil in WAFs versus fuel oil
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Result

Test condition

:

:

toxicity assessed with a wide variety of aquatic species
indicates that SPME quantification of bioavailable petroleum
hydrocarbons (BPH) in fuel oil correlates well with observed
aquatic toxicity. The total molar sum of components that
partition to the fiber from the aqueous phase of a complex
mixture in a lethal loading test "mimics" the total body
residue in an aquatic test organism. Acute toxicity is
predicted once a critical threshold on the SPME fiber
(Cfiber,critical, also BPH critical) is exceeded. Thus,
the Cfiber, critical provides a simple analytical measure
that is comparable to the narcosis-based critical body
residue (CBR) for a given test organism/endpoint.
Nominal
BPH
% Mortality
Conc. (mg/l)
(nmoles/mgC)
24hr
48 hr
Control
2.9
0
0
1.0
42
0
5
1.5
65.2
5
45
3.5
105
20
90
11
144
35
100
28
162
65
100
Based on nominal loading rates: 48hr LL50= 2.0 mg/;l; 95%
confidence interval, 1.7-2.5 mg/l,CBR=Cfiber,critical = 31
µmol/mlPDMS; BPH critical = 85.3 nmol/mg C
Nominal loading rates of 0, 1.0, 1.5, 3.5, 11 and 28.0
mg/l were used to prepare test solutions. Test solutions
were prepared as water accommodated fractions (WAF).
Individual treatments at each loading rate were prepared.
Each treatment was prepared by adding the appropriate amount
of test substance (volumetrically using a syringe) to ~2
liters (allowing for optimum surface contact between the
test substance and the dilution water) of dilution water in
a 2 liter size glass aspirator bottle. Syringe weights were
recorded to determine actual loading rates. The solutions
were mixed at a vortex of <10% of the static liquid depth of
solution. The aspirator bottles were mixed in the dark
(covered with dark plastic) for 24 hours on a magnetic stir
plate with a Teflon® coated stir bar. After mixing, the
treatments were allowed to settle for 1 hour. After
settling, the water accommodated fraction (WAF) was removed
and added to the test chambers. The control and dilution
water reconstituted laboratory blend water prepared from
carbon filtered well water and ion exchange softened,
reverse osmosis dialyzed well water aged for >24 hrs.. BPH
analysis was performed using SPME (solid phase
microextraction) fibers which had been equilibrated
overnight in WAF solutions and quantified using gas
chromatography equipped with a flame ionization detector.
Daphnia magna were supplied by testing laboratory; age < 24
hours old; second generation collected from cultures aged
sixteen days old. Four replicates per treatment and 5
organisms per replicate were tested for each treatment and
the control. Test vessels were 125 ml autoclaved flasks
filled with no headspace and tightly sealed to prevent
volatilization. Water temperature range was 20.3 to 21.6 °C.
Test photoperiod was 16 hrs. light and 8 hr dark, light
intensity approx 69 foot-candles during full daylight
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Reliability

:

periods. Dissolved oxygen measurements ranged from 7.4 to
8.0 ppm, pH values between 7.5 and 7.8. Duplicate samples
were taken of the control on Day 0 and each WAF (from the
mixing vessel). Samples were used to determine bioavailable
petroleum hydrocarbons (BPH). Measurement of dissolved,
bioavailable hydrocarbon was performed using solid phase
microextraction (SPME) fiber analysis by GC/FID. BPH samples
were mixed (minimal headspace) in vessels containing the
SPME fibers overnight. Analyses were performed using 100 µm
PDMS fibers obtained from Supelco. 125 ml glass flasks
fitted with ground glass stoppers and equipped with stir
bars were filled with WAF samples. SPME fibers were
inserted through a small hole drilled in the center of the
glass stopper. The total moles of hydrocarbons that
partition to the fibers were quantified using a gas
chromatograph equipped with a flame ionization detector
(GC-FID). FID detector response was translated into molar
hydrocarbon concentration (BPH as nmoles/mg C) using the
molar response based on a number of aromatic standards. BPH
values are reported as nanomoles of quantified hydrocarbon
per mg of carbon based on carbon content of
polydimethylsiloxane (PDMS) fiber coating. Critical SPME
fiber concentration (Cfiber, critical), comparable to
critical total body residue (CBR, on a lipid basis) is
calculated from BPH results and is reported in units of
µmoles/ml of PDMS. Quantitation was based on 2, 3 dimethyl
napthalene since a wide variety of hydrocarbons exhibited a
relative molar response of within a factor of two when
normalized to this compound. Calculation of CBR as Cfiber,
critical is based on Verbruggen et al.
(2) valid with restrictions
(2) Reliable with restrictions. The data reported in this
report were obtained as part of a research program to
correlate toxicity with Bioavailable Petroleum Hydrocarbons
(BPH). Thus although the work was conducted according to
relevant test guidelines and standard operating procedures,
the research was not done in strict accordance with GLPs.
All data reported as final were audited by EBSI Quality
Assurance unit.

03.11.2003

(91) (112)

Type
Species
Exposure period
Unit
EL50
Analytical monitoring
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:

Static
Daphnia magna (Crustacea)
48 hour(s)
mg/l
= 210 measured/nominal
Yes
OECD Guide-line 202
1995
Yes
other TS: CAS No. 68334-30-5; Gas oil

Method
Result

:
:

Statistical Method: Probit analysis
48-hr EL50 = 210 mg/l
95% confidence interval of 160 - 270 mg/l based on nominal
loading rates.
Numbers of immobilized daphnids after 48 hrs were 0, 0, 0,
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0, 5, 11, 15, and 20 in the 0, 10, 22, 46, 100, 220, 460,
and 1000 mg/l treatments.
No excursions from protocol were noted. Analytical method
used was gas chromatography-mass spectrometry. Mean
reduction in the concentration of dissolved hydrocarbons
during the test was 5.5% (range 0 - 23%).
Individual treatment concentrations were prepared as water
accommodated fractions (WAF). Nominal loading rates in the
definitive test were 0, 10, 22, 46, 100, 220, 460, and 1000
mg/l. Control and dilution water was reconstituted hard
water prepared by adding salts to reverse osmosis filtered
water following EPA guidelines (hardness 190 mg/l as CaCO3).
Test substance was mixed in dilution water for 68 hrs.
Mixing time was determined in an equilibration study in
which the test substance concentration in the aqueous phase
of the WAFs was monitored by GC-MS. Mixtures were allowed to
settle 1.5 hrs prior to drawing off the aqueous phase for
testing. Test vessels were sealed 150-ml Erlenmeyer flasks
with 10 daphnids per vessel. Test daphnids were <24 hrs old
and collected from cultures supplied by the testing
laboratory that have been aged between 14 and 28 days. Two
replicates per treatment and control were used. Test
temperature was 18.0 - 18.6 °C. Photoperiod was 16 hrs light
and 8 hrs dark. Dissolved oxygen was >60% saturation (9.0 to
9.3 mg/l). pH was 7.6 - 8.4.Samples were collected at the
beginning and end of the test to monitor the concentration
of soluble components in the test solutions.
(1) valid without restriction

Test condition

:

Reliability
03.11.2003

:

Type
Species
Exposure period
Unit
EL50
Analytical monitoring
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:

Static
Daphnia magna (Crustacea)
48 hour(s)
mg/l
= 68 measured/nominal
Yes
OECD Guide-line 202
1995
Yes
other TS: CAS No. 68334-30-5; Gas oil

Method
Result

:
:

Test condition

:

Statistical Method: Moving average angle method
48-hr EL50 = 68 mg/l
95% confidence interval of 49 - 94 mg/l based on nominal
loading rates.
Numbers of immobilized daphnids after 48 hrs were 0, 0, 0,
0, 20, 20, 20, and 20 in the 0, 10, 22, 46, 100, 220, 460,
and 1000 mg/l treatments.
No excursions from protocol were noted.Analytical method
used was gas chromatography-mass spectrometry. Mean
reduction in the concentration of dissolved hydrocarbons
during the test was 15% (range 0 - 23%).
Individual treatment concentrations were prepared as water
accomodated fractions (WAF). Nominal loading rates in the
definitive test were 0, 10, 22, 46, 100, 220, 460, and 1000
mg/l. Control and dilution water was reconstituted hard
water prepared by adding salts to reverse osmosis filtered
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water following EPA guidelines (hardness 162 mg/l as CaCO3).
Test substance was mixed in dilution water for 48 hrs in
sealed vessels with minimal headspace. Mixing time was
determined in an equilibration study in which the test
substance concentration in the aqueous phase of the WAFs was
monitored by GC-MS. Mixtures were allowed to settle 1.5 hrs
prior to drawing off the aqueous phase for testing. Test
vessels were sealed 150-ml Erlenmeyer flasks with 10
daphnids per vessel. Test daphnids were <24 hrs old and
collected from cultures supplied by the testing laboratory
that have been aged between 14 and 28 days. Two replicates
per treatment and control were used. Test temperature was
18.1 - 18.9 °C. Photoperiod was 16 hrs light and 8 hrs dark.
Dissolved oxygen was >60% saturation (9.1 to 9.2 mg/l). pH
was 8.2 - 8.4. Samples were collected at the beginning and
end of the test to monitor the concentration of soluble
components in the test solutions.
(2) valid with restrictions

Reliability
17.01.2002

:

Type
Species
Exposure period
Unit
EL50
Analytical monitoring
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:

Static
Daphnia magna (Crustacea)
48 hour(s)
mg/l
= 13 measured/nominal
Yes
OECD Guide-line 202
1994
No
other TS: CAS No. 68334-30-5; Diesel (AGO)

Method
Result

:
:

Test condition

:

Statistical Method: Moving average angle method
48-hr EL50 = 13 mg/l
95% confidence interval of 11 - 15 mg/l based on nominal
loading rates.
Numbers of immobilized daphnids after 48 hrs were 0, 0, 0,
0, 0, 2, 20, and 20 in the 0, 0.1, 0.3, 1, 3, 10, 30, and
100 mg/l treatments.
Individual treatment concentrations were prepared as water
accomodated fractions (WAF). Nominal loading rates in the
definitive test were 0, 0.1, 0.3, 1, 3, 10, 30, and 100
mg/l. Control and dilution water was reconstituted hard
water prepared by adding salts to reverse osmosis water
following EPA guidelines (hardness 180 mg/l as CaCO3). Test
substance was mixed in dilution water for 24 hrs in sealed
vessels with minimal headspace. Mixtures were allowed to
settle 1 hr prior to drawing off the aqueous phase for
testing. Test vessels were sealed 140-ml Erlenmeyer flasks
(no headspace) with 10 daphnids per vessel. Test daphnids
were obtained from the third brood onwards of cultures
supplied by the testing laboratory that have been aged <28
days. Two replicates per treatment and control were used.
Test temperature was 17.0 - 19.0 °C. Photoperiod was 16 hrs
light and 8 hrs dark. Dissolved oxygen was 9.2 to 9.8 mg/l).
pH was 7.9 - 8.1.Samples were collected from the WAFs at the
beginning of the test for BTEX analysis by purge and trap
GC-FID.
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Reliability

:

(2) valid with restrictions
(2) Reliable with restrictions. Test methods were
sufficiently documented and EPA methods were referenced,
even though no test guidelines were specified and the test
was not conducted under GLP. Chemical analyses conducted
were not aimed at monitoring test substance concentrations
in the aqueous phase of the WAFs during exposure.

17.01.2002

(103)

Type
Species
Exposure period
Unit
Analytical monitoring
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:

Static
Daphnia magna (Crustacea)
48 hour(s)
mg/l
No
OECD Guide-line 202
2003
no data
other TS: Diesel fuel CAS No. 68334-30-5

Remark

:

Result

:

Test condition

:

Details on the number of exposure levels, concentrations
used and any water chemistry measurements made during the
test were not provided in the reviewed report. However, the
methods of exposure solution preparation and testing (sealed
vessels) provide a high level of confidence that the results
give a reliable assessment of the toxicity of the test
substance to Daphnia magna.
48-h EL50 = 100 - 300 mg/l
No Observed Effect Level (NOEL) = 100 mg/l
There was no control mortality during the test.
Exposure solutions were prepared as water accommodated
fractions (WAFs) and were expressed as the test substance
loading rate per volume of dilution water (mg/l). WAFs were
prepared by adding measured amounts of diesel fuel to
measured volumes of dilution water. Two-liter glass flasks
containing 2.3 l of dilution water and diesel fuel were
sealed, leaving only a small amount of headspace. The
contents then were stirred at 150 rpm for approximately 72
hours (±2 hours). After stirring, the contents were allowed
to settle for 1-2 hours to permit undissolved material to
separate from the WAF. The aqueous phase then was drawn off
for use in the test. Control water was subjected to the
same preparation regime except no test substance was added
to the flasks. Dilution water used in the test was
reconstituted fresh water.
Test vessels were 150 ml glass Erlenmeyer flasks that were
completely filled with the WAF solution. Duplicate flasks
were prepared for each WAF treatment and control group. Ten
daphnids were added to each flask and the flasks were sealed
with a screw cap.

Reliability

:

The numbers of immobilized daphnids were determined at 24
and 48 hours. Daphnids were considered immobile if they
were not observed to swim during a 15 second observation
period.
(2) valid with restrictions
Details of the testing methods and results of any water
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chemistry measurements were not provided in the report.
Also, there was no analytical measurements made on the WAF
solutions.
03.11.2003

(80)

Acute Toxicity to Aquatic Invertebrates
Category Name:

GAS OIL

Category Chemical :

No. 2 Fuel Oil

Test Substance :

No. 2 Fuel Oil

Test Substance Purity/Composition
and Other Test Substance
Comments :

Aromatics = 9.18%
n-paraffins = 7.38%

Category Chemical Result Type :

Measured

Test Substance Result Type:

Measured

Method
Year Study Performed :

1974

Method/Guideline Followed:

Similar to LaRoche, et al., J. Wat. Pollut. Control Fed. 42,19821989 (1970)

Deviations from Method/Guideline :

None known

Species:

grass shrimp (Paleomonetes pugio)

GLP:

No

Analytical Monitoring :

Yes

Test Type:

Static

Test Vessel:

1-L wide mouth jar

Water Media Type:

Artificial seawater using distilled water and Instant Ocean
commercial salts (Aquarium systems, Inc.)

Test Concentrations:

Not stated

Nominal and Measured
Concentrations:

Not stated

Total Exposure Period:

96 hours
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Vehicle Used:

None

Vehicle Name:

Vehicle Amount and Units:
Alkalinity:
Dissolved Oxygen:
pH Value:

Test Temperature
and Units:

Value or
Lower Range : Upper Range :

20±2°C

Value or
Lower Range
Upper Range :

Photo (Light/Dark):
Salinity:

15 parts per thousand

TOC:
Water Hardness:

Value or
Lower Range:
Upper Range:
Test animals were field-collected from Galveston Bay, Texas,
transported to the laboratory and typically held for 5-7 days before
testing in filtered, aerated, artificial seawater (Instant Ocean) at
20±2°C. Fish were not held beyond 3 weeks.

Method/Guideline
Test Conditions Remarks:

Oil-water dispersions were independently prepared in sealed test
vessels by vigorous mixing on a shaker platform at 200 cycles/min
for 5 min. The oil and water layers were allowed to separate for 3060 min before test animal were added below the oil layer. At least
10 fish were added to each OWD at the beginning of the test. Air
was supplied to each test vessel at the rate of three bubbles/second.
Periodically over the 96 h test period the fish were examined for
mortality, and dead fish were removed when found. Criteria for
death were the complete cessation of respiration and the absence of
a response to prodding with a glass rod. The 96-h TLm value was
calculated using the graphical method of Litchfield and Wilcoxon
(1949). TLm values were expressed as parts per million (ppm) oil
added to water.
Petroleum hydrocarbons present in the aqueous phase of the OWDs
were analyzed by infrared analysis. Aliquots were siphoned from
below the oil layer. Total petroleum hydrocarbons in the samples
(carbon tetrachloride extractable oil) were determined by the
American Petroleum Institute method No. 733-58 (1958) with a
Miran I single bean infrared analyzer. These analyses were used to
describe the behavior of the oils in water, and were not used to
calculate TLm values.

Limit Test:
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Test Results
NOEC/LOEC/NOELR/LOELR
Exposure
Duration:

Exposure
Units:

Value
Description:

Value or
Lower
Range:

Upper
Range:

Units:

Basis for
Concentration:

NOEC:
LOEC:
NOELR:
LOELR:
LC/EC/IC/EL/LL Mean Value

Exposure
Duration:

96

Exposure
Units:

hours

Type %:

Value
Description:

TLm 50 =

Mean
Value or
Lower
Mean
Value:

Upper
Mean
Value:

3.0

Units:

mg/L

Basis for
Effect:

mortality

Basis for
Concentration:

mg oil added/L
dilution water

In a separate experiment, the loss of dissolved hydrocarbons in the aqueous
phase of a 1000 ppm OWD was measured between the end of mixing and
following 24 hours of aeration (3 bubbles/sec). Approximately 80% loss of
dissolved hydrocarbons occurred over that time period. This suggests that the
OWDs used in the toxicity tests also experienced a similar rate of hydrocarbon
loss in the exposure medium.

Results Remarks:

Reliability/Data Quality
Reliability:

2

Reliability Remarks:

Reliable with restrictions. Testing was conducted using oil-water-dispersions and
employed aeration of the test solutions. Loss of dissolved hydrocarbons in the
aqueous phase likely occurred.

Key Study Sponsor
Indicator:
Reference:

Anderson, JW., J.M. Neff, B.A. Cox, H.E. Tatum, and G.M. Hightower. 1974.
Characteristics of dispersions and water-soluble extracts of crude and refined
oils and their toxicity to estuarine crustaceans and fish. Mar. Biol. 27:75-88.

Acute Toxicity to Aquatic Invertebrates
Category Name:

GAS OILS

Category Chemical :

Gas Oils

Test Substance :

Distillates (Petroleum), light catalytic cracked gas oil, CAS no.
64741-59-9

Test Substance Purity/Composition
and Other Test Substance

Relative Density (ASTM D4052) @ 60/60°F ............... 0.9618 g/mL
API Gravity @ 60°F ................................................ 15.6 °API
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Comments :

Boiling Range (ASTM D2887):
initial ................................................ 142.7 °C
final .................................................. 357.7 °C
Hydrocarbon Types by FIA (ASTM D1319):
Aromatics .......................................... 75.3 vol %
Olefins .............................................. 7.2 vol %
Saturates .......................................... 17.5 vol %
Determination of aromatic content by supercritical fluid
chromatography (ASTM D5186):
Monoaromatics ................................... 24.0 Wt %
Polynuclear aromatics ......................... >50.0 Wt %
Total aromatics .................................. 83.5 Wt %

Category Chemical Result Type :

Measured

Test Substance Result Type:

Measured

Method
Year Study Performed :

2010

Method/Guideline Followed:

OECD 202, Daphnia sp., Acute Immobilisation Test

Deviations from Method/Guideline :

Due to the complex nature and limited solubility of the test
substance, test solutions were prepared as Water Accommodated
Fractions (WAF).

Species:

Daphnia magna Straus

GLP:

Yes

Analytical Monitoring :

Yes

Test Type:

Static

Test Vessel:

130-mL glass bottles

Water Media Type:

Reconstituted moderately hard water using the recipe cited in APHA
(2005), Standard Methods for the Examination of Water and
Wastewater, 21st ed.

Test Concentrations:

WAF loading rates: 0 (control), 0.10, 0.25, 0.64, 1.6, and 4.0 mg/L

Nominal and Measured
Concentrations:

WAF loading rates: 0 (control), 0.10, 0.26, 0.64, 1.6, and 4.0 mg/L
Mean measured dissolved hydrocarbons:

Total Exposure Period:

48 hours

Vehicle Used:

None
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Vehicle Name:

Vehicle Amount and Units:
Alkalinity:

110 mg/L as CaCO3

Dissolved Oxygen:

7.9 – 8.6

pH Value:

Value or
Lower Range : 7.9 Upper Range : 8.9

Test Temperature
and Units:

Value or
Lower Range
Upper Range :

19.3
20.7

Photo (Light/Dark):

16 hours light / 8 hours dark
Daylight intensity range: 145 – 170 lux

Salinity:

N/A

TOC:

0.13

Water Hardness:

Value or
Lower Range:
Upper Range:

178 mg/L as CaCO3

Individual WAF treatments were prepared by adding the appropriate
volumes of test substance to dilution water in glass aspirator bottles.
The loading rates used in the test were determined from the volume
of test substance added and converted to mass per unit volume
(mg/L) based on the density of the test substance. The bottles were
closed with foil-covered stoppers, and the mixtures were stirred for
approximately 24 hours on magnetic stir plates. The stirring speed
was controlled such that the vortex was approximately 10% of the
static liquid depth. After the mixing period, the mixtures were
allowed to settle for approximately one hour then the aqueous
portion of each WAF solution was removed and used as the exposure
solutions. A control WAF was identically prepared except without the
addition of test substance.
Method/Guideline
Test Conditions Remarks:

Four replicate test chambers were prepared for each test substance
loading rate. Each replicate test chamber contained five daphnids for
a total of 20 daphnids per experimental group. Replicate chambers
were 130-mL glass bottles containing approximately 130 mL of
solution (no headspace) closed with PTFE-lined screw top caps.
Testing was conducted in an environmental chamber where
temperature and lighting were controlled. Observations for
immobilization and abnormal behavior or appearance were
performed at 24 and 48 hours ± 1 hour after the beginning of the
test. Observations of test substance insolubility (e.g., surface slicks,
precipitates, and adherence to the test chamber) were recorded at
the time of organism observations. Water quality (temperature, pH,
and dissolved oxygen) measurements were taken from each batch
WAF solution at the start of the test and in a composite of the
replicates at termination.
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D. magna used in the test originated from cultures maintained at the
testing facility. Cultures of D. magna were fed Pseudokirchneriella
subcapitata and Vita Chem Fresh formula (Boyd Enterprises, Inc.) at
least every second day. Neonate daphnids used in the test were <24
hours old at test initiation and were taken from 12-day old adults in
good health.
Concentrations of the test substance hydrocarbon components in the
WAFs were quantified against gas oil standards for automated static
headspace gas chromatography with flame ionization detection (HS
GC-FID) analysis. The total peak area for eluted hydrocarbon
components from WAF headspace analysis was summed for
quantification. The distribution and percentage of gas oil components
measured in the WAFs differed from the neat gas oil sample owing to
the differing solubilities of individual gas oil hydrocarbons. Therefore,
measured hydrocarbon concentrations in the WAFs do not represent
all hydrocarbons constituting the test substance. Due to the complex
nature of the test substance, no attempt was made to identify and
quantify specific hydrocarbons solubilized in the WAFs. Samples were
collected from each new water-accommodated fraction (WAF) and
control solution on Day 0. Samples of the corresponding old
solutions were collected on Day 2 from a composite of the replicate
solutions. Samples were collected with no headspace in 40 mL VOA
vials and refrigerated pending analysis. The mean of the
measurements made in the Day 0 and Day 2 WAFs were used in the
data analysis.
Limit Test:

No

Test Results
NOEC/LOEC/NOELR/LOELR
Exposure
Duration:

Exposure
Units:

Value
Description:

Value or
Lower
Range:

Upper
Range:

Units:

Basis for
Concentration:

NOEC:
LOEC:
NOELR:
LOELR:
LC/EC/IC/EL/LL Mean Value

Exposure
Duration:

Exposure
Units:

Type %:

Value
Description:

Mean
Value or
Lower
Mean
Value:

Upper
Mean
Value:

Units:

Basis for
Effect:

Basis for
Concentration:

48

hours

EL

50 =

0.51

mg/L

immobilization WAF loading rates

48

hours

EC

50 =

0.45

mg/L

mean measured
immobilization dissolved
hydrocarbons
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The study met the acceptability criteria for control mortality and dissolved
oxygen concentration. There were no occurrences of insoluble test substance
observed in the WAF solutions.

WAF Loading
Rate, mg/L

Biological Results
%
%
%
Immobilization
Other
Immobilization
24 hrs
Effects
48 hrs

%
Other
Effects

0 (control)

0

0

0

0

0.10

0

0

0

0

0.26

0

0

0

0

0.64

0

0

75

100

1.6

20

100

100

--

4.0

90

100

100

--

Other Effects in surviving daphnids = lethargy

Results Remarks:

Measured hydrocarbon concentrations in the WAFs do not represent all
hydrocarbons constituting the test substance. The distribution and percentage
of gas oil components measured in the WAFs differed from the parent gas oil
sample owing to the differing solubilities of individual gas oil hydrocarbons. Due
to the complex nature of the test substance, no attempt was made to identify
and quantify specific hydrocarbons solubilized in the WAFs. Results expressed
as the LC50 are based on the geometric mean of the measured concentrations
of hydrocarbons that solubilized from the test substance into the WAF at its
respective loading rate.
Analytical Results
Measured Hydrocarbon
Concentration, mg/L
WAF Loading
Rate, mg/L
Day 0
Day 2
0 (Control)
<0.014
<0.014
0.10
0.0872
0.0809
0.26
0.225
0.214
0.64
0.580
0.574
1.6
1.49
1.33
4.0
3.54
2.83
Practical Quantitation Limit = 0.014 mg/L

Mean,
mg/L
-0.084
0.22
0.58
1.4
3.2

Reliability/Data Quality
Reliability:

1

Reliability Remarks:

Reliable without restrictions; guideline study.

Key Study Sponsor
Indicator:

Key

Reference
Reference:

EMBSI (ExxonMobil Biomedical Sciences Inc.) 2010. Daphnia magna, Acute
Immobilisation Test on Water Accommodated Fractions of a Light Catalytic Cracked Gas
Oil. Final Report, Study No. 1057642, EMBSI, Annandale, NJ USA.

Acute Toxicity to Aquatic Invertebrates
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Category Name:

GAS OILS

Category Chemical :

Gas Oils

Test Substance :

Distillates (Petroleum), light hydrocracked gas oil, CAS no. 6474177-1

Test Substance Purity/Composition
and Other Test Substance
Comments :

Density (ASTM D4052) @ 15°C/59°F .......................... 0.8244
g/mL
Relative Density @ 60°F .......................................... 0.8248
g/mL
API Gravity @ 60°F .................................................. 40.1 °API
Boiling Range (ASTM D2887):
initial.................................. 134.4 °C
final ................................... 290.4 °C
Hydrocarbon Types by FIA (ASTM D1319):
Aromatics ........................... 16.7 vol %
Olefins ................................ 1.5 vol %
Saturates ............................ 81.8 vol %
Determination of aromatic content by supercritical fluid
chromatography (ASTM D5186):
Monoaromatics .................... 20.8 Wt %
Polynuclear aromatics ........... <0.5 Wt %
Total aromatics .................... 21.0 Wt %

Category Chemical Result Type :

Measured

Test Substance Result Type:

Measured

Method
Year Study Performed :

2010

Method/Guideline Followed:

OECD 202, Daphnia sp., Acute Immobilisation Test

Deviations from Method/Guideline :

Due to the complex nature and limited solubility of the test
substance, test solutions were prepared as Water Accommodated
Fractions (WAF).

Species:

Daphnia magna Straus

GLP:

Yes

Analytical Monitoring :

Yes

Test Type:

Static

Test Vessel:

130-mL glass bottles

Water Media Type:

Reconstituted moderately hard water using the recipe cited in APHA
(2005), Standard Methods for the Examination of Water and
Wastewater, 21st ed.
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Test Concentrations:

WAF loading rates: 0 (control), 0.10, 0.26, 0.64, 1.6, 4.0, and 10
mg/L

Nominal and Measured
Concentrations:

WAF loading rates: 0 (control), 0.10, 0.26, 0.64, 1.6, 4.0, and 10
mg/L
Mean measured dissolved hydrocarbons: ND (<0.032), 0.040,
0.080, 0.17, 0.37, 0.87, and 1.7 mg/L

Total Exposure Period:

48 hours

Vehicle Used:

None

Vehicle Name:

Vehicle Amount and Units:
Alkalinity:

110 mg/L as CaCO3

Dissolved Oxygen:

8.1 – 9.0

pH Value:

Value or
Lower Range : 8.0 Upper Range : 8.6

Test Temperature
and Units:

Value or
Lower Range
Upper Range :

19.4
20.8

Photo (Light/Dark):

16 hours light / 8 hours dark
Daylight intensity range: 140 – 150 lux

Salinity:

N/A

TOC:

0.13

Water Hardness:

Value or
Lower Range:
Upper Range:

Method/Guideline
Test Conditions Remarks:

178 mg/L as CaCO3

Individual WAF treatments were prepared by adding the appropriate
volumes of test substance to dilution water in glass aspirator bottles.
The loading rates used in the test were determined from the volume
of test substance added and converted to mass per unit volume
(mg/L) based on the density of the test substance. The bottles were
closed with foil-covered stoppers, and the mixtures were stirred for
approximately 24 hours on magnetic stir plates. The stirring speed
was controlled such that the vortex was approximately 10% of the
static liquid depth. After the mixing period, the mixtures were
allowed to settle for approximately one hour then the aqueous
portion of each WAF solution was removed and used as the exposure
solutions. A control WAF was identically prepared except without the
addition of test substance.
Four replicate test chambers were prepared for each test substance
loading rate. Each replicate test chamber contained five daphnids for
a total of 20 daphnids per experimental group. Replicate chambers
were 130-mL glass bottles containing approximately 130 mL of
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solution (no headspace) closed with PTFE-lined screw top caps.
Testing was conducted in an environmental chamber where
temperature and lighting were controlled. Observations for
immobilization and abnormal behavior or appearance were
performed at 24 and 48 hours ± 1 hour after the beginning of the
test. Observations of test substance insolubility (e.g., surface slicks,
precipitates, and adherence to the test chamber) were recorded at
the time of organism observations. Water quality (temperature, pH,
and dissolved oxygen) measurements were taken from each batch
WAF solution at the start of the test and in a composite of the
replicates at termination.
D. magna used in the test originated from cultures maintained at the
testing facility. Cultures of D. magna were fed Pseudokirchneriella
subcapitata and Vita Chem Fresh formula (Boyd Enterprises, Inc.) at
least every second day. Neonate daphnids used in the test were <24
hours old at test initiation and were taken from 12-day old adults in
good health.
Concentrations of the test substance hydrocarbon components in the
WAFs were quantified against gas oil standards for automated static
headspace gas chromatography with flame ionization detection (HS
GC-FID) analysis. The total peak area for eluted hydrocarbon
components from WAF headspace analysis was summed for
quantification. The distribution and percentage of gas oil components
measured in the WAFs differed from the neat gas oil sample owing to
the differing solubilities of individual gas oil hydrocarbons. Therefore,
measured hydrocarbon concentrations in the WAFs do not represent
all hydrocarbons constituting the test substance. Due to the complex
nature of the test substance, no attempt was made to identify and
quantify specific hydrocarbons solubilized in the WAFs. Samples were
collected from each new water-accommodated fraction (WAF) and
control solution on Day 0. Samples of the corresponding old
solutions were collected on Day 2 from a composite of the replicate
solutions. Samples were collected with no headspace in 40 mL VOA
vials and refrigerated pending analysis. The mean of the
measurements made in the Day 0 and Day 2 WAFs were used in the
data analysis.
Limit Test:

No

Test Results
NOEC/LOEC/NOELR/LOELR
Exposure
Duration:

Exposure
Units:

Value
Description:

Value or
Lower
Range:

Upper
Range:

Units:

Basis for
Concentration:

NOEC:
LOEC:
NOELR:
LOELR:
LC/EC/IC/EL/LL Mean Value

Exposure
Duration:

Exposure
Units:

Type %:

Value
Description:

Mean
Value or
Lower
Mean
Value:

Upper
Mean
Value:

Page 85 of 363

Units:

Basis for
Effect:

Basis for
Concentration:

Id Gas Oils

4. Ecotoxicity

Date October 23, 2012

48

hours

EL

50 =

5.5

mg/L

immobilization WAF loading rates

48

hours

EC

50 =

1.0

mg/L

mean measured
immobilization dissolved
hydrocarbons

The study met the acceptability criteria for control mortality and dissolved
oxygen concentration. There were no occurrences of insoluble test substance
observed in the WAF solutions.

WAF Loading
Rate, mg/L

Biological Data
%
%
Immobilization
Other
24 hrs
Effects

%
Immobilization
48 hrs

%
Other
Effects

0 (control)

0

0

0

0

0.10

0

0

0

0

0.26

0

0

5

58

0.64

0

0

10

100

1.6

0

0

30

100

4.0

0

50

30

100

10

10

100

75

100

Other Effects in surviving daphnids = lethargy

Results Remarks:

Measured hydrocarbon concentrations in the WAFs do not represent all
hydrocarbons constituting the test substance. The distribution and percentage
of gas oil components measured in the WAFs differed from the parent gas oil
sample owing to the differing solubilities of individual gas oil hydrocarbons. Due
to the complex nature of the test substance, no attempt was made to identify
and quantify specific hydrocarbons solubilized in the WAFs. Results expressed
as the LC50 are based on the geometric mean of the measured concentrations
of hydrocarbons that solubilized from the test substance into the WAF at its
respective loading rate.
Analytical Results
Measure Hydrocarbon
Concentration, mg/L
WAF Loading
Rate, mg/L
Day 0
0 (Control)
<0.032
0.10
0.0419
0.26
0.0826
0.64
0.174
1.6
0.383
4.0
0.863
10
1.82
Practical Quantitation Limit = 0.032

Day 2
<0.032
0.0375
0.0773
0.157
0.358
0.748
1.58
mg/L

Reliability/Data Quality
Reliability:

1

Reliability Remarks:

Reliable without restrictions; guideline study.
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Key Study Sponsor
Indicator:

Key

Reference
Reference:

4.3

EMBSI (ExxonMobil Biomedical Sciences Inc.) 2010. Daphnia magna, Acute
Immobilisation Test on Water Accommodated Fractions of a Light Hydrocracked Gas Oil.
Final Report, Study No. 1057742, EMBSI, Annandale, NJ USA.

TOXICITY TO AQUATIC PLANTS E.G. ALGAE

Species
Endpoint
Exposure period
Unit
Limit test
Analytical monitoring
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:

Selenastrum capricornutum (Algae)

Method

:

Remark

:

Result

:

Statistical Method: ELb50 values for cell density were
determined using linear interpolation method according to
the OECD 201 method. The ELr50 values for growth rate were
calculated based on linear regression of the ln cell density
vs time using PROC REGRESSION in SAS.
Data have been developed which allow the quantification of
complex hydrocarbons in water on a molar basis using SPME.
(Parkerton, T.F., etal., Biomimetic Extraction as a
Cost-Effective Analytical Tool for Determining the Aquatic
Toxicity Hazard of Complex Petroleum ProductsSETAC Europe,
2001). The measured molar concentrations reflect those
portions that are potentially bioaccumulative in aquatic and
terrestrial species. SPME is a surrogate for organism lipid
and since it is measuring dissolved, unbound hydrocarbon,
the BPH concentration on the fiber is a direct measure of
potential toxicity. Data developed at EMBSI comparing SPME
molar concentrations of fuel oil in WAFs versus fuel oil
toxicity assessed with a wide variety of aquatic species
indicates that SPME quantification of bioavailable petroleum
hydrocarbons (BPH) in fuel oil correlates well with observed
aquatic toxicity. The total molar sum of components that
partition to the fiber from the aqueous phase of a complex
mixture in a lethal loading test "mimics" the total body
residue in an aquatic test organism. Acute toxicity is
predicted once a critical threshold on the SPME fiber
(Cfiber,critical, also BPH critical) is exceeded. Thus,
the Cfiber, critical provides a simple analytical measure
that is comparable to the narcosis-based critical body
residue (CBR) for a given test organism/endpoint.
Nominal
BPH
72 h % Inhibition
Conc.
(nmoles/mgC)
(mg/l)
Cell
Cell
Growth

72 hour(s)
mg/l
Yes
OECD Guide-line 201 "Algae, Growth Inhibition Test"
1998
No
other TS: CAS No. 68476-30-2; Fuel Oil, No. 2
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Test condition

:

density Growth
Rate
Control
-------------not applicable------------------0.4
23.9
3.4
2.6
0.4
0.8
26.
-3.4
-2.2
-2.2
1.6
57
48
37
11
3.2
146.7
92
94
66
Based on nominal loading rates:
72-hr EbL50 (mg/l)
1.8
1.9
2.9
95% confidence
interval
1.6-2.1 1.5-2.4
could not
calculate
CBR =Cfiber, critical = 23 µmol/mlPDMS;
BPH critical = 63 nmol/mg
CNOEC-not calculated
Control and dilution water was algal nutrient media
(preparation and composition referenced in
EPA-600/9-78-018). Nominal loading rates in the definitive
test were 0, 0.4, 0.8, 1.6, and 3.2 mg/l. Individual
treatment concentrations were prepared as water accommodated
fractions (WAF) at each loading rate and used for toxicity
testing and GC analysis. Each treatment was prepared by
adding the appropriate amount of test substance
(volumetrically using a syringe) to 4 liters (allowing for
optimum surface contact between the test substance and the
dilution water) of dilution water in a 4 liter size glass
aspirator bottle. Syringe weights were recorded to determine
actual loading rates. The solutions were mixed at a vortex
of 20% of the static liquid depth of solution. The
treatments were mixed for 24 hours on a magnetic stir plate
with a Teflon® coated stir bar. After mixing, the treatments
were allowed to settle for 2 hours. After settling, the
water accommodated fraction (WAF) was removed from the
outlet at the bottom of the vessel. An aliquot of each
treatment was removed for pH measurement and SPME
extraction. Test vessels were sealed 125 ml Erlenmeyer
flasks containing 10 glass beads and filled with test
solution. There were five flasks for each test and control
treatment. Algal cells were obtained from in-house cultures
which were 5 days old at the start of the test. All flasks
were inoculated with algal cells to yield an initial
concentration of 5000 cells/ml. The appropriate amount of
algae was added to each test chamber then the test solutions
were added. Once test chambers were filled they were sealed
immediately. Test chambers were only opened to remove a
sample for cell density determination on Days 1-3. The
volume of test solution removed for each evaluation was
replaced with spare solution that had been stored in a
sealed vessel. A separate spare vessel was prepared for each
replacement interval. Test flasks containing glass beads
were conditioned by rinsing with the appropriate solution.
Test flasks were hand shaken once or twice daily to ensure
that the algal cells remain in suspension. Each test flask
was placed on a shaker table (100 rpm) for the duration of
the study. Cell counts on each test flask were performed
daily. Test temperature was 24.8 °C, 0.1° S.D. Test
photoperiod was 14 hrs of light, ten hrs dark, with light
intensity ranging from 4100 to 4200 Lux. Direct cell counts
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Reliability

:

on each test flask were performed daily using a
hemocytometer. Duplicate samples were taken of the control
on Day 0 and each WAF (from the mixing vessel) and from a
composite of replicates 1 through 5 at termination. Samples
were used to determine bioavailable petroleum hydrocarbons
(BPH). Measurement of dissolved, bioavailable hydrocarbon
was performed using solid phase microextraction (SPME) fiber
analysis by GC/FID. BPH samples were mixed (minimal
headspace) in vessels containing the SPME fibers overnight.
Analyses were performed using 100 um PDMS fibers obtained
from Supleco. 125 ml glass flasks fitted with ground glass
stoppers and equipped with stir bars were filled with WAF
samples. SPME fibers were inserted through a small hole
drilled in the center of the glass stopper. The total moles
of hydrocarbons that partition to the fibers were quantified
using a gas chromatograph equipped with a flame ionization
detector (GC-FID). FID detector response was translated into
molar hydrocarbon concentration (BPH as nmoles/mg C) using
the molar response based on a number of aromatic standards.
BPH values are reported as nanomoles of quantified
hydrocarbon per mg of carbon based on carbon content of
polydimethylsiloxane (PDMS) fiber coating. Critical SPME
fiber concentration (Cfiber, critical), comparable to
critical total body residue (CBR, on a lipid basis) is
calculated from BPH results and is reported in units of
µmoles/ml of PDMS. Quantitation was based on 2, 3 dimethyl
napthalene since a wide variety of hydrocarbons exhibited a
relative molar response of within a factor of two when
normalized to this compound. Calculation of CBR as Cfiber,
critical is based on Verbruggen et al.
(2) valid with restrictions
(2) Reliable with restriction. The study data in this report
were developed as part of a research program to correlate
BPH with toxicity. Thus although the work was conducted
according to the relevant guidelines and standard laboratory
operating procedures (SOPs), the research work was not done
in strict accordance with Good Laboratory Procedures.
However, all data in the final report were audited by EBSI
QA unit.

03.11.2003

(85) (112)

Species
Endpoint
Exposure period
Unit
Limit test
Analytical monitoring
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:

Selenastrum capricornutum (Algae)

Method

:

Result

:

Statistical Method: EL50 values determined by probit
analysis. Williams test used to determine NOELs.
Based on nominal loading rates:
72-hr EL50 (biomass) = 25 mg/l
95% confidence interval of 21 - 30 mg/l
Page 89 of 363

72 hour(s)
mg/l
yes
OECD Guide-line 201 "Algae, Growth Inhibition Test"
1995
yes
other TS: CAS No. 68334-30-5; Gas oil

Id Gas Oils

4. Ecotoxicity

Date October 23, 2012

72-hr EL50 (growth rate) = 78 mg/l
95% confidence interval of 64 - 96 mg/l
72-hr NOEL (biomass) = 3 mg/l
72-hr NOEL (growth rate) = 10 mg/l.
Nominal
72 h
72 h Mean Cell Conc.
Conc. (mg/l) % Inhibition
(million
cells/ml)
Control
n/a
0.14
1.0
-21
0.17
3.0
-36
0.19
10
29
0.10
30
61
0.055
100
91
0.013
300
94
0.0087
1000
95
0.0074

Test condition

:

Reliability
03.11.2003

:

n/a - Not applicable
The pH increased by more than one unit (1.1 units) during
the test as a result of good culture growth and could not be
avoided. Temperature range in the incubator was outside the
preferred range of 21 - 25 °C. The out-of-range readings
were recorded in the first four hours of the test probably
due to temperature fluctuations associated with opening and
closing the incubator. These deviations were not sufficient
to invalidate the study.Analytical method used was gas
chromatography-mass spectrometry. Mean reduction in the
concentration of dissolved hydrocarbons during the test was
14% (range 0 - 40%).
Individual treatment concentrations were prepared as water
accommodated fractions (WAF). Nominal loading rates in the
definitive test were 0, 1, 3, 10, 30, 100, 300, and 1000
mg/l. Control and dilution water was algal nutrient medium
prepared according to EPA guidelines except that boric acid
was present at 105 µg/l and sodium bicarbonate at 50 mg/l.
Test substance was mixed with dilution water for 72 hrs, and
the mixture was allowed to settle for 1.5 - 2 hrs prior to
drawing off the aqueous phase for testing. Test vessels
were sealed 287 ml Erlenmeyer flasks filled with test
solution. There were four flasks for each treatment and
seven control flasks. Three of the four treatment and six
of the seven control flasks were inoculated with algal cells
to yield an initial concentration of 5000 cells/ml. Algal
cells were obtained from laboratory cultures that were
originally derived from a strain from American Type Culture
collection (ATCC 22662). Uninoculated flasks were used to
determine particle counts without algal cells using a
Coulter Multisizer. Flasks were incubated in a cooled
orbital (100 cycles/min) incubator. Biomass was calculated
as area under the growth curve.Test temperature was 19.5 27.6 °C. Lighting was continuous at ~5100 lux. The pH ranged
from 8.3 - 8.7 at test initiation and 7.9 - 9.5 at test
termination. Samples were collected at the beginning and end
of the test to monitor the concentration of soluble
components in the test solutions.
(1) valid without restriction
(104)
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Species
Endpoint
Exposure period
Unit
Limit test
Analytical monitoring
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:

Selenastrum capricornutum (Algae)

Method

:

Result

:

Statistical Method: EL50 values determined by probit
analysis. Williams test used to determine NOELs.
Based on nominal loading rates:
72-hr EL50 (biomass) = 10 mg/l
95% confidence interval of 8.4 - 12 mg/l

72 hour(s)
mg/l
Yes
OECD Guide-line 201 "Algae, Growth Inhibition Test"
1995
Yes
other TS: CAS No. 68334-30-5; Gas oil

72-hr EL50 (growth rate) = 22 mg/l
95% confidence interval of 19 - 26 mg/l
72-hr NOEL (biomass) = 1 mg/l
72-hr NOEL (growth rate) = 3 mg/l.
Nominal
Conc. (mg/l)
cells/ml)
1.0
3.0
10
30

72 h
% Inhibition
Control
0
24
53
91

72 h Mean Cell Conc.
(million
n/a
0.17
0.13
0.08
0.016

0.17

n/a - Not applicable

Test condition

:

Only four concentrations were tested which is less than a
minimum of five concentrations stated in the guidelines.
Analytical method used was gas chromatography-mass
spectrometry. Mean reduction in the concentration of
dissolved hydrocarbons during the test was 14% (range 5 25%).
Individual treatment concentrations were prepared as water
accommodated fractions (WAF). Nominal loading rates in the
definitive test were 0, 1, 3, 10 and 30 mg/l. Control and
dilution water was algal nutrient medium prepared according
to EPA guidelines except that boric acid was present at 105
µg/l and sodium bicarbonate at 50 mg/l. Test substance was
mixed with dilution water for ~48 hrs, and the mixture was
allowed to settle for 1.5 hr prior to drawing off the
aqueous phase for testing. Test vessels were sealed 287 ml
Erlenmeyer flasks filled with test solution. There were
four flasks for each treatment and seven control flasks.
Three of the four treatment and six of the seven control
flasks were inoculated with algal cells to yield an initial
concentration of 5000 cells/ml. Algal cells were obtained
from laboratory cultures that were originally derived from a
strain from American Type Culture Collection (ATCC 22662).
Uninoculated flasks were used to determine particle counts
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Reliability
03.11.2003

:

Species
Endpoint
Exposure period
Unit
Limit test
Analytical monitoring
Method

:
:
:
:
:
:
:

Year
GLP
Test substance

:
:
:

Method

:

Remark

:

Result

:

without algal cells using a Coulter Multisizer. Flasks were
incubated in a cooled orbital (100 cycles/min) incubator.
Biomass was calculated as area under the growth curve. Test
temperature was 21.3 - 23.6 °C. Lighting was continuous at
~3720 lux. The pH ranged from 8.0 - 8.6 at test initiation
and 8.5 - 9.2 at test termination.Samples were collected at
the beginning and end of the test to monitor the
concentration of soluble components in the test solutions.
(1) valid without restriction
(105)
Skeletonema costatum (Algae)
72 hour(s)
mg/l
Yes
other: ASTM Annual Book of Standards, Volume 11.04, Standard Guide for
Conducting Static 96 hour Toxicity Tests with Macroalgae, E1218-90
1995
No
other TS: CAS No. 68476-30-2; Fuel Oil, No. 2
Statistical Method: ELb50 values for cell density were
determined using linear interpolation method according to
the OECD 201 method. The ELr50 values for growth rate were
calculated based on linear regression of the ln cell density
vs time using PROC REGRESSION in SAS.
Data have been developed which allow the quantification of
complex hydrocarbons in water on a molar basis using SPME.
(Parkerton, T.F., etal., Biomimetic Extraction as a
Cost-Effective Analytical Tool for Determining the Aquatic
Toxicity Hazard of Complex Petroleum Products SETAC Europe,
2001). The measured molar concentrations reflect those
portions that are potentially bioaccumulative in aquatic and
terrestrial species. SPME is a surrogate for organism lipid
and since it is measuring dissolved, unbound hydrocarbon,
the BPH concentration on the fiber is a direct measure of
potential toxicity. Data developed at EMBSI comparing SPME
molar concentrations of fuel oil in WAFs versus fuel oil
toxicity assessed with a wide variety of aquatic species
indicates that SPME quantification of bioavailable petroleum
hydrocarbons (BPH) in fuel oil correlates well with observed
aquatic toxicity. The total molar sum of components that
partition to the fiber from the aqueous phase of a complex
mixture in a lethal loading test "mimics" the total body
residue in an aquatic test organism. Acute toxicity is
predicted once a critical threshold on the SPME fiber
(Cfiber,critical, also BPH critical) is exceeded. Thus,
the Cfiber, critical provides a simple analytical measure
that is comparable to the narcosis-based critical body
residue (CBR) for a given test organism/endpoint.
Nominal
BPH
72 h % Inhibition
Conc.
(mg/l)
(nmoles/mgC) Cell
Cell
Growth
density Growth Rate Control
---not
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applicable----0.4
15.1
-6.3
1.0
30.4
-19
2.4
77.4
58
6.0
166.7
92
15
207.3
98
Based on nominal loading rates:
72-hr EL50 (mg/l)
2.2
95% confidence
interval
2.0-2.4 could

Test condition

:

12
11
43
83
83

-0.67
1.0
32
92
100

5.8

2.2

not
0.5-16.2
calculate
Control and dilution water was enriched seawater nutrient
medium with 100 mg/l sodium. Nominal loading rates in the
definitive test were 0, 0.4, 1.0, 2.4, 6.0 and 15 mg/l.
Individual treatment concentrations were prepared as water
accommodated fractions (WAF) at each loading rate and used
for toxicity testing and GC analysis. Each treatment was
prepared by adding the appropriate amount of test substance
(volumetrically using a syringe) to 2 liters (allowing for
optimum surface contact between the test substance and the
dilution water) of dilution water in a 2 liter size glass
aspirator bottle. Syringe weights were recorded to determine
actual loading rates. The solutions were mixed at a vortex
of 20% of the static liquid depth of solution. The
treatments were mixed for 24 hours on a magnetic stir plate
with a Teflon® coated stir bar. After mixing, the treatments
were allowed to settle for 2 hours. After settling, the
water accommodated fraction (WAF) was removed from the
outlet at the bottom of the vessel. An aliquot of each
treatment was removed for pH measurement and SPME
extractiont. Test vessels were sealed 125 ml Erlenmeyer
flasks filled with test solution. There were four flasks
for each test and control treatment. All flasks were
inoculated with algal cells to yield an initial
concentration of 10,000 cells/ml. Algal cells were obtained
from in-house cultures which were 5 days old at the start of
the test. The appropriate amount of algae was added to each
test chamber then the test solutions were added. Once test
chambers were filled they were sealed immediately. Test
chambers were only opened to remove a sample for cell
density determination on Days 1-3. The volume of test
solution removed for each evaluation was replaced with spare
solution that had been stored in a sealed vessel. A separate
spare vessel was prepared for each replacement interval.
Test flasks were hand shaken once or twice daily to ensure
that the algal cells remained in suspension. Test
temperature was 20.4 °C, 0.3° S.D. Test photoperiod was 14
hrs of light, ten hrs dark, with light intensity ranging
from 4100 to 4200 Lux. Direct cell counts on each test flask
were performed daily using a hemocytometer. Duplicate
samples were taken of each WAF (from the mixing vessel) and
the control on Day 0 and from a composite of replicates 1
through 5 at termination. Samples were used to determine
bioavailable petroleum hydrocarbons (BPH). Measurement of
dissolved, bioavailable hydrocarbon was performed using
solid phase microextraction (SPME) fiber analysis by GC/FID.
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Reliability

:

BPH samples were mixed (minimal headspace) in vessels
containing the SPME fibers overnight. Analyses were
performed using 100 µm PDMS fibers obtained from Supleco.
125 ml glass flasks fitted with ground glass stoppers and
equipped with stir bars were filled with WAF samples. SPME
fibers were inserted through a small hole drilled in the
center of the glass stopper. The total moles of
hydrocarbons that partition to the fibers were quantified
using a gas chromatograph equipped with a flame ionization
detector (GC-FID). FID detector response was translated into
molar hydrocarbon concentration (BPH as nmoles/mg C) using
the molar response based on a number of aromatic standards.
BPH values are reported as nanomoles of quantified
hydrocarbon per mg of carbon based on carbon content of
polydimethylsiloxane (PDMS) fiber coating. Critical SPME
fiber concentration (Cfiber, critical), comparable to
critical total body residue (CBR, on a lipid basis) is
calculated from BPH results and is reported in units of
µmoles/ml of PDMS. Quantitation was based on 2, 3 dimethyl
napthalene since a wide variety of hydrocarbons exhibited a
relative molar response of within a factor of two when
normalized to this compound. Calculation of CBR as Cfiber,
critical is based on Verbuggen et al.
(2) valid with restrictions
(2) Reliable with restriction. The study data in this report
were developed as part of a research program to correlate
BPH with toxicity. Thus although the work was conducted
according to the relevant guidelines and standard laboratory
operating procedures (SOPs), the research work was not done
in strict accordance with Good Laboratory Procedures.
However, all data in the final report were audited by EBSI
QA unit.

03.11.2003

(86) (112)

Species
Endpoint
Exposure period
Unit
Limit test
Analytical monitoring
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:

other algae: Raphidocelis subcapitata

Remark

:

Result

:

Details on the number of exposure levels, concentrations
used and any water chemistry measurements made during the
test were not provided in the reviewed report. However, the
methods of exposure solution preparation and testing (sealed
vessels) provides a high level of confidence that the
results give a reliable assessment of the toxicity of the
test substance to R. subcapitata.
72-hour Area Under the Growth Curve
EbL50 = 10 - 22 mg/l
No Observed Effect Level = <1 mg/l

72 hour(s)
mg/l
no
OECD Guide-line 201 "Algae, Growth Inhibition Test"
2003
no data
other TS: Diesel fuel CAS No. 68334-30-5

72-hour Average Specific Growth Rate
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ErL50 = 22 - 46 mg/l
No Observed Effect Level = <1 mg/l

Test condition

Reliability

:

:

The growth in the control flasks exceeded a factor of 16
within the 3 days of the test and therefore achieved the
validity criteria of the test guidelines.
Exposure solutions were prepared as water accommodated
fractions (WAFs) and were expressed as the test substance
loading rate per volume of dilution water (mg/l). WAFs were
prepared by adding measured amounts of diesel fuel to
measured volumes of algal growth medium. Two-liter glass
flasks containing 2.3 l of growth medium and diesel fuel
were sealed, leaving only a small amount of headspace. The
contents then were stirred at 150 rpm for approximately 72
hours (±2 hours). After stirring, the contents were allowed
to settle for 1-2 hours to permit undissolved material to
separate from the WAF. The aqueous phase then was drawn off
for use in the test. Algal growth medium for the control
group was subjected to the same preparation regime except no
test substance was added to the flasks.
The sealed 72-h growth inhibition test was carried out in
287 ml full-volume Erlenmeyer flasks. To each flask was
added 5.7 ml of a 2.5 g/l solution of sodium bicarbonate
followed by the WAF solution or control medium to make up
287 ml. Four replicate flasks were used for each WAF
treatment while seven replicate flasks were used for the
control group. Three out of each set of four flasks
containing WAF and six out of the seven control flasks were
inoculated with sufficient R. subcapitata to give an initial
concentration of approximately 5000 cells/ml. The
uninoculated flasks were used to determine background
particle counts in the absence of algal cells. The flasks
were sealed and randomly placed in cooled orbital incubators
(approximately 100 cycles/min at a nominal
23±2 °C) under constant illumination. Cell counts were made
using a Coulter Multisizer on samples taken from each flask
at the start of the test and then at approximately 24 h
intervals. Results were evaluated using growth measures
based on area under the growth curve and average specific
growth rate as recommended in the OECD test guidelines. The
subscripts EbL50 and ErL50 were used to differentiate
between measures of effect on the basis of area under the
growth curve and growth rate.
(2) valid with restrictions
Details of the testing methods and results of any water
chemistry measurements were not provided in the report.
Also, there was no analytical measurements made on the WAF
solutions.

29.08.2003

(80)

Acute Toxicity to Aquatic Plants
Category Name

GAS OILS

Category Chemical :

Gas Oils
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Test Substance :

Distillates (Petroleum), light catalytic cracked gas oil, CAS no. 64741-59-9

Test Substance
Purity/Composition
and Other Test
Substance Comments :

Relative Density (ASTM D4052) @ 60/60°F ................ 0.9618 g/mL
API Gravity @ 60°F
15.6 °API
Boiling Range (ASTM D2887):
initial ............................................ 142.7 °C
final ............................................. 357.7 °C
Hydrocarbon Types by FIA (ASTM D1319):
Aromatics ..................................... 75.3 vol %
Olefins .......................................... 7.2 vol %
Saturates ...................................... 17.5 vol %
Determination of aromatic content by supercritical fluid chromatography (ASTM
D5186):
Monoaromatics .............................. 24.0 Wt %
Polynuclear aromatics ..................... >50.0 Wt %
Total aromatics .............................. 83.5 Wt %

Category Chemical Result
Type :

Measured

Test Substance Result
Type:

Measured

Method
Year Study Performed :

2011

Method/Guideline
Followed:

OECD 201: Alga, Growth Inhibition Test

Deviations from
Method/Guideline :

Due to the complex nature and limited solubility of the test substance, test solutions
were prepared as Water Accommodated Fractions (WAF).

Species:

Pseudokirchneriella subcapitata

GLP:

Yes

Analytical Monitoring :

Yes

Test Type:

Static

Test Vessel:

125-mL Erlenmeyer flasks closed with PTFE-lined screw caps

Water Media Type:

Algal nutrient medium: USEPA, The Selenastrum capricornutum Printz Algal Assay
Bottle Test. EPA-600/9-78-018. July 1978.
Supplemented by an additional 400 mg/L of NaHCO3

Test Concentrations:

WAF loading rates: 0 (control), 0.10, 0.32, 1.02, 3.28, and 10.5 mg/L

Nominal and Measured
Concentrations:

WAF loading rates: 0 (control), 0.10, 0.32, 1.02, 3.28, and 10.5 mg/L
Initial (Day 0) measured dissolved hydrocarbons: ND (<0.014 mg/L), 0.07, 0.27,
0.93, 2.33, and 5.54 mg/L

Total Exposure Period:

96 hours
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Vehicle Used: None
Vehicle Name:

Vehicle Amount and
Units:
Alkalinity:
Dissolved Oxygen:
Value or
Lower Range : 7.6 Upper Range : 9.2

pH Value:

Test Temperature
and Units:

Photo (Light/Dark):

Value : Mean = 23.7 °C
Lower Range :
Upper Range :
Continuous, mean daily light intensity range: 4170 to
4345 lux

Salinity:
TOC:
Water Hardness:

Value or
Lower Range:
Upper Range:

Individual WAF treatments were prepared by adding the appropriate volumes of test
substance to algal nutrient medium in glass aspirator bottles. The loading rates were
determined from the volume of test substance added and converted to mass per unit
volume (mg/L) based on the density of the test substance. The bottles were closed
with foil-covered stoppers, and the mixtures were stirred for approximately 24 hours
on magnetic stir plates. The stirring speed was controlled such that the vortex was
approximately 10% of the static liquid depth. The mixtures were allowed to settle for
approximately one hour after termination of stirring then the aqueous portion of each
WAF solution was removed and used as the exposure solutions. A control WAF was
identically prepared except without the addition of test substance.

Method/Guideline
Test Conditions Remarks:

Twelve replicates per WAF treatment were used for the assessment of algal growth.
Replicates were 125-mL glass Erlenmeyer flasks with PTFE-lined screw cap closures.
To each replicate, two 14 mm glass spheres were added to facilitate mixing. WAF
solutions were added to the maximum capacity of each flask (approximately 140 mL)
without headspace. Flasks were inoculated with an algal suspension to achieve 104
cells/mL and screw caps were added to prevent potential volatilization of dissolved
components. The inoculum was prepared from 5-day old stock algal cultures in log
phase growth. Laboratory cultures of P. subcapitata originated from slants provided by
UTEX, the Culture Collection of Algae, University of Texas at Austin.
Once all the treatment solutions were distributed to the growth evaluation flasks and
inoculated, they were randomly placed on shaker tables at 100 rpm for the 96-hour
incubation period. The positions of the flasks were randomly changed daily. Three
replicates from each treatment were destructively sampled following 24, 48, 72, and
96 hours of incubation for enumeration of cell densities and measurements of pH. Cell
densities were determined using a hemacytometer and microscope. Solutions
collected at 72 and 96 hours were also used for chemical analysis. After the 96-hour
incubation, a sample was taken from the 3.28 mg/L WAF to determine whether

Page 97 of 363

Id Gas Oils

4. Ecotoxicity

Date October 23, 2012
inhibition was algistatic (reversible) or algicidal (not reversible due to cell death).
These samples were diluted with fresh algal nutrient medium and incubated under
experimental conditions for eight days. Cells counts were made at 2, 4, 6, and 8 days.
Besides the 12 replicate flasks/treatment used for growth evaluation, an additional six
replicate flasks were prepared with 1.02 mg/L and 10.5 mg/L WAF solutions. These
treatments were prepared identically to the others except to each flask was added
mercuric chloride (50 mg/L) to kill any biological processes. These treatments were
considered chemical controls and were used to assess the stability the chemical
analyses in the absence of any biological processes in the chambers. They were
incubated with the growth flasks but were not shaken. At 72 and 96 hours, three
replicate flasks from each of these two treatments were used for chemical analysis.
Samples were collected from each new WAF and control solution on Day 0 prior to
adding algae. At 72 and 96 hours, solutions from three replicates of each treatment
were composited and placed in 40 mL VOA vials and refrigerated pending analysis.
Concentrations of the test substance hydrocarbon components in the WAFs were
quantified against gas oil standards for automated static headspace gas
chromatography with flame ionization detection (HS GC-FID) analysis. The total peak
area for eluted hydrocarbon components from WAF headspace analysis was summed
for quantification. The distribution and percentage of gas oil components measured in
the WAFs differed from the neat gas oil sample owing to the differing solubilities of
individual gas oil hydrocarbons. Therefore, measured hydrocarbon concentrations in
the WAFs do not represent all hydrocarbons constituting the test substance. Due to
the complex nature of the test substance, no attempt was made to identify and
quantify specific hydrocarbons solubilized in the WAFs.
Limit Test:

No

Test Results
NOEC/LOEC/NOELR/LOELR
YIELD MEASUREMENTS
Exposure
Duration:

Exposure
Units:

Value
Description:

Value or
Lower
Range:

NOEC:

72

hours

=

0.07

mgL

initial measured
dissolved hydrocarbons

LOEC:

72

hours

=

0.27

mg/L

initial measured
dissolved hydrocarbons

NOELR:

72

hours

=

0.10

mg/L WAF loading rates

LOELR:

72

hours

=

0.32

mg/L WAF loading rates

NOEC:

96

hours

=

0.07

mg/L

initial measured
dissolved hydrocarbons

LOEC:

96

hours

=

0.27

mg/L

initial measured
dissolved hydrocarbons

NOELR:

96

hours

=

0.10

mg/L WAF loading rates

LOELR:

96

hours

=

0.32

mg/L WAF loading rates

Upper
Units:
Range:

Basis for
Concentration:

NOEC/LOEC/NOELR/LOELR – GROWTH RATE MEASUREMENTS

NOEC:

Exposure
Duration:

Exposure
Units:

Value
Description:

Value or
Lower
Range:

72

hours

=

0.07
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initial measured
dissolved hydrocarbons

LOEC:

72

hours

=

0.27

mg/L

NOELR:

72

hours

=

0.10

mg/L WAF loading rates

LOELR:

72

hours

=

0.32

mg/L WAF loading rates

NOEC:

96

hours

=

0.27

mg/L

initial measured
dissolved hydrocarbons

LOEC:

96

hours

=

0.93

mg/L

initial measured
dissolved hydrocarbons

NOELR:

96

hours

=

0.32

mg/L WAF loading rates

LOELR:

96

hours

=

1.02

mg/L WAF loading rates

LC/EC/IC/EL/LL Mean Value
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Exposure
Duration:

Exposure
Value
Type %:
Units:
Description:

Mean
Value or
Lower
Mean
Value:

Upper
Mean
Value:

Units:

Basis for
Effect:

Basis for
Concentration:

72

hours

EL

50

=

0.29

mg/L cell density WAF loading rate

72

hours

EL

50

=

0.28

mg/L cell yield

72

hours

EL

50

=

0.53

mg/L

96

hours

EL

50

=

0.32

mg/L cell density WAF loading rate

96

hours

EL

50

=

0.31

mg/L cell yield

96

hours

EL

50

=

0.80

mg/L

72

hours

EC

50

=

0.23

initial measured
mg/L cell density hydrocarbon
concentrations

72

hours

EC

50

=

0.22

mg/L cell yield

72

hours

EC

50

=

0.49

mg/L

96

hours

EC

50

=

0.26

initial measured
mg/L cell density hydrocarbon
concentrations

96

hours

EC

50

=

0.25

mg/L cell yield

96

hours

EC

50

=

0.70

mg/L

Results Remarks:

WAF loading rate

growth
rate

WAF loading rate

WAF loading rate

growth
rate

WAF loading rate

initial measured
hydrocarbon
concentrations
initial measured
hydrocarbon
concentrations

growth
rate

initial measured
hydrocarbon
concentrations
initial measured
hydrocarbon
concentrations

growth
rate

Toxicity results are expressed as percent inhibition of growth derived from either the
average specific growth rate (r), yield (y), or cell density relative to the control. The
50% Effect Loading (EL50) is the loading rate of the test substance in dilution medium
which is calculated to result in a 50% reduction in growth in a population of test
organisms over a specified exposure period. The No Observed Effect Loading Rate
(NOELR) is the highest loading rate which does not exhibit a statistical difference from
the control. Results expressed as the 50% Effect Concentration (EC50) and the No
Observed Effect Concentration (NOEC) represent the concentration of hydrocarbons
that solubilized from the test substance into each WAF at its respective loading rate.
The test passed all acceptability criteria specified in the OECD Guideline 201 (adopted
2006).
Biological Data (Growth Evaluation):
Mean cell densities (cells/mL)
Day
WAF
Loading
0
1
2
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Rate, mg/L
0 (control)

1X10E+4

0.10

1X10E+4

0.32

1X10E+4

1.02

1X10E+4

3.28

1X10E+4

10.5

1X10E+4

4.1X10E+
4
2.5X10E+
4
2.6X10E+
4
1.2X10E+
4
7.5X10E+
3
8.3X10E+
3

1.3X10E+
5
1.1X10E+
5
4.8X10E+
4
1.5X10E+
4
7.5X10E+
3
6.7X10E+
3

3.4X10E+
5
4.3X10E+
5
1.3X10E+
5
1.7X10E+
4
6.7X10E+
3
5.0X10E+
3

8.2X10E+
5
7.9X10E+
5
3.9X10E+
5
4.6X10E+
4
5.0X10E+
3
5.0X10E+
3

Loading rate is defined as the amount of test substance per unit volume of
algal growth medium (mg/L).
Algistatic/Algicidal Evaluation:
Based on an observed increase in cell the cell density over eight days of incubation,
the inhibition observed in cell growth at the 3.28 mg/L WAF treatment was reversible.
Therefore, the inhibition was considered algistatic in nature.
Analytical Data:
Measured hydrocarbon concentrations in the WAFs do not represent all hydrocarbons
constituting the test substance. The distribution and percentage of gas oil components
measured in the WAFs differed from the parent gas oil sample owing to the differing
solubilities of individual gas oil hydrocarbons. Due to the complex nature of the test
substance, no attempt was made to identify and quantify specific hydrocarbons
solubilized in the WAFs. Results expressed as the LC50 are based on the geometric
mean of the measured concentrations of hydrocarbons that solubilized from the test
substance into the WAF at its respective loading rate.
WAF
Loading Rate,
mg/L
0 (Control)

Measured Hydrocarbon
Concentrations in WAFs, mg/L
Day 0
Day 3
Day 4
ND (<0.014)

ND (<0.014)
1

ND (<0.014)

0.10

0.0716

0.005

ND (<0.014)

0.32

0.270

0.201

0.111

1.02

0.932

0.055

0.056

3.28

2.33

0.095

0.104

10.5

5.54

0.336

0.061

Measured Hydrocarbon Concentrations in
WAFs, mg/L (Poisoned Chemical Controls)
1.02

0.932

0.843

0.853

10.5

5.54

5.08

5.05

Practical Quantitation Limit (PQL) = 0.014 mg/l
1
Detectable, but less than the PQL.

Reliability/Data Quality
Reliability:

1

Reliability Remarks:

Reliable without restrictions; guideline study.

Key Study Sponsor
Indicator:

Key

Reference
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Reference:

EMBSI (ExxonMobil Biomedical Sciences Inc.) 2011. Aga, Growth inhibition test on water
accommodated fractions of a light catalytic gas oil. Final Report, Study No. 1057667, EMBSI,
Annandale, NJ USA.

Acute Toxicity to Aquatic Plants
Category Name

GAS OILS

Category Chemical :

CAS no. 64741-59-9, light catalytic cracked gas oil

Test Substance :

CAS no. 64741-59-9, light catalytic cracked gas oil

Test Substance
Purity/Composition
and Other Test
Substance Comments :

Relative Density (ASTM D4052) @ 60/60°F ............... 0.9618 g/mL
API Gravity @ 60°F ................................................ 15.6 °API
Boiling Range (ASTM D2887):
initial ................................................ 142.7 °C
final.................................................. 357.7 °C
Hydrocarbon Types by FIA (ASTM D1319):
Aromatics .......................................... 75.3 vol %
Olefins .............................................. 7.2 vol %
Saturates .......................................... 17.5 vol %
Determination of aromatic content by supercritical fluid chromatography (ASTM
D5186):
Monoaromatics ................................... 24.0 Wt %
Polynuclear aromatics ......................... >50.0 Wt %
Total aromatics .................................. 83.5 Wt %

Category Chemical
Result Type :

estimated by calculation

Test Substance Result
Type:

estimated

Method
Year Study Performed : 2011
Method/Guideline
Followed:

PETROTOX, v3.05

Deviations from
Method/Guideline :
Species:

Pseudokirchneriella subcapitata

GLP:
Analytical Monitoring :
Test Type:

other

Test Vessel:
Water Media Type:
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Test Concentrations:
Nominal and Measured
Concentrations:
Total Exposure Period:
Vehicle Used:
Vehicle Name:

Vehicle Amount and Units:
Alkalinity:
Dissolved Oxygen:
Value or
Lower Range : Upper Range :

pH Value:

Test Temperature
and Units:

Value or
Lower Range :
Upper Range :

Photo (Light/Dark):
Salinity:
TOC:
Water Hardness:

Method/Guideline
Test Conditions
Remarks:

Value or
Lower Range:
Upper Range:

PETROTOX was developed as a spreadsheet-based program designed to calculate the
toxicity of petroleum products to aquatic organisms using hydrocarbon blocking and
the Target Lipid Model (CONCAWE 2007). This program was used in conjunction with
detailed 2D-GC-MS analyses to calculate predicted EL50 values for the gas oil sample.

Limit Test:

Test Results
NOEC/LOEC/NOELR/LOELR
Exposure
Duration:

Exposure
Units:

Value
Description:

Value or
Lower
Range:

Upper
Range:

NOEC:
LOEC:
NOELR:
LOELR:
LC/EC/IC/EL/LL Mean Value
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Exposure
Duration:

Exposure
Value
Type %:
Units:
Description:

Results Remarks:

Mean
Value or
Lower
Mean
Value:

Upper
Mean
Value:

Units:

Basis
for
Effect:

Basis for
Concentration:

Calculated by PETROTOX V3.05
EL50 value for the toxicity of CAS 64741-59-9 to Pseudokirchneriella subcapitata =
0.20 mg/L.

Reliability/Data Quality
Reliability:

2

Reliability Remarks:

Reliable with restrictions. The endpoint was estimated using a validated QSAR
program.

Key Study Sponsor
Indicator:

Reference
Reference:

CONCAWE. 2007. PETRORISK users guide, version 3.01. CONCAWE, Brussels,
Belgium.

Acute Toxicity to Aquatic Plants
Category Name

GAS OILS

Category Chemical :

Gas Oils

Test Substance :

Distillates (Petroleum), light hydrocracked gas oil, CAS no. 64741-77-1

Test Substance
Purity/Composition
and Other Test
Substance Comments :

Density (ASTM D4052) @ 15°C/59°F .......................... 0.8244 g/mL
Relative Density @ 60°F .......................................... 0.8248 g/mL
API Gravity @ 60°F .................................................. 40.1 °API
Boiling Range (ASTM D2887):
initial .................................. 134.4 °C
final ................................... 290.4 °C
Hydrocarbon Types by FIA (ASTM D1319):
Aromatics ........................... 16.7 vol %
Olefins ................................ 1.5 vol %
Saturates ............................ 81.8 vol %
Determination of aromatic content by supercritical fluid chromatography (ASTM
D5186):
Monoaromatics .................... 20.8 Wt %
Polynuclear aromatics ........... <0.5 Wt %
Total aromatics .................... 21.0 Wt %

Category Chemical Result
Type :

Measured

Test Substance Result
Type:

Measured

Method
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Year Study Performed :

2011

Method/Guideline
Followed:

OECD 201: Alga, Growth Inhibition Test

Deviations from
Method/Guideline :

Due to the complex nature and limited solubility of the test substance, test solutions
were prepared as Water Accommodated Fractions (WAF).

Species:

Pseudokirchneriella subcapitata

GLP:

Yes

Analytical Monitoring :

Yes

Test Type:

Static

Test Vessel:

125-mL Erlenmeyer flasks closed with PTFE-lined screw caps

Water Media Type:

Algal nutrient medium: USEPA, The Selenastrum capricornutum Printz Algal Assay
Bottle Test. EPA-600/9-78-018. July 1978.
Supplemented by an additional 400 mg/L of NaHCO3

Test Concentrations:

WAF loading rates: 0 (control), 0.10, 0.32, 1.02, 3.28, and 10.5 mg/L

Nominal and Measured
Concentrations:

WAF loading rates: 0 (control), 0.10, 0.32, 1.02, 3.28, and 10.5 mg/L
Initial (Day 0) measured dissolved hydrocarbons: ND (<0.032), 0.028, 0.087, 0.22,
0.54, and 1.65 mg/L

Total Exposure Period:

96 hours

Vehicle Used: None
Vehicle Name:

Vehicle Amount and Units:
Alkalinity:
Dissolved Oxygen:
pH Value:

Test Temperature
and Units:

Value or
Lower Range : 7.7 Upper Range : 9.4
Value : Mean = 23.8 °C
Lower Range :
Upper Range :
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Photo (Light/Dark):

Continuous, mean daily light intensity range: 4231 to 4427 lux

Salinity:
TOC:
Water Hardness:

Value or
Lower Range:
Upper Range:
Individual WAF treatments were prepared by adding the appropriate volumes of test
substance to algal nutrient medium in glass aspirator bottles. The loading rates were
determined from the volume of test substance added and converted to mass per unit
volume (mg/L) based on the density of the test substance. The bottles were closed
with foil-covered stoppers, and the mixtures were stirred for approximately 24 hours
on magnetic stir plates. The stirring speed was controlled such that the vortex was
approximately 10% of the static liquid depth. The mixtures were allowed to settle for
approximately one hour after termination of stirring then the aqueous portion of each
WAF solution was removed and used as the exposure solutions. A control WAF was
identically prepared except without the addition of test substance.
Twelve replicates per WAF treatment were used for the assessment of algal growth.
Replicates were 125-mL glass Erlenmeyer flasks with PTFE-lined screw cap closures.
To each replicate, two 14 mm glass spheres were added to facilitate mixing. WAF
solutions were added to the maximum capacity of each flask (approximately 140 mL)
without headspace. Flasks were inoculated with an algal suspension to achieve 104
cells/mL and screw caps were added to prevent potential volatilization of dissolved
components. The inoculum was prepared from 5-day old stock algal cultures in log
phase growth. Laboratory cultures of P. subcapitata originated from slants provided by
UTEX, the Culture Collection of Algae, University of Texas at Austin.

Method/Guideline
Test Conditions Remarks:

Once all the treatment solutions were distributed to the growth evaluation flasks and
inoculated, they were randomly placed on shaker tables at 100 rpm for the 96-hour
incubation period. The positions of the flasks were randomly changed daily. Three
replicates from each treatment were destructively sampled following 24, 48, 72, and
96 hours of incubation for enumeration of cell densities and measurements of pH. Cell
densities were determined using a hemacytometer and microscope. Solutions
collected at 72 and 96 hours were also used for chemical analysis. After the 96-hour
incubation, a sample was taken from the 10.5 mg/L WAF to determine whether
inhibition was algistatic (reversible) or algicidal (not reversible due to cell death).
These samples were diluted with fresh algal nutrient medium and incubated under
experimental conditions for eight days. Cells counts were made at 2, 4, 6, and 8 days.
Besides the 12 replicate flasks/treatment used for growth evaluation, an additional six
replicate flasks were prepared with 1.02 mg/L and 10.5 mg/L WAF solutions. These
treatments were prepared identically to the others except to each flask was added
mercuric chloride (50 mg/L) to kill any biological processes. These treatments were
considered chemical controls and were used to assess the stability the chemical
analyses in the absence of any biological processes in the chambers. They were
incubated with the growth flasks but were not shaken. At 72 and 96 hours, three
replicate flasks from each of these two treatments were used for chemical analysis.
Samples were collected from each new WAF and control solution on Day 0 prior to
adding algae. At 72 and 96 hours, solutions from three replicates of each treatment
were composited and placed in 40 mL VOA vials and refrigerated pending analysis.
Concentrations of the test substance hydrocarbon components in the WAFs were
quantified against gas oil standards for automated static headspace gas
chromatography with flame ionization detection (HS GC-FID) analysis. The total peak
area for eluted hydrocarbon components from WAF headspace analysis was summed
for quantification. The distribution and percentage of gas oil components measured in
the WAFs differed from the neat gas oil sample owing to the differing solubilities of
individual gas oil hydrocarbons. Therefore, measured hydrocarbon concentrations in
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the WAFs do not represent all hydrocarbons constituting the test substance. Due to
the complex nature of the test substance, no attempt was made to identify and
quantify specific hydrocarbons solubilized in the WAFs.
Limit Test:

No

Test Results
NOEC/LOEC/NOELR/LOELR
YIELD MEASUREMENTS
Exposure
Duration:

Exposure
Units:

Value
Description:

Value or
Lower
Range:

NOEC:

72

hours

<

0.03

mgL

initial measured
dissolved hydrocarbons

LOEC:

72

hours

=

0.03

mg/L

initial measured
dissolved hydrocarbons

NOELR:

72

hours

<

0.1

mg/L WAF loading rates

LOELR:

72

hours

=

0.1

mg/L WAF loading rates

NOEC:

96

hours

=

0.03

mg/L

initial measured
dissolved hydrocarbons

LOEC:

96

hours

=

0.09

mg/L

initial measured
dissolved hydrocarbons

NOELR:

96

hours

=

0.1

mg/L WAF loading rates

LOELR:

96

hours

=

0.32

mg/L WAF loading rates

Upper
Units:
Range:

Basis for
Concentration:

NOEC/LOEC/NOELR/LOELR – GROWTH RATE MEASUREMENTS
Exposure
Duration:

Exposure
Units:

Value
Description:

Value or
Lower
Range:

NOEC:

72

hours

<

0.03

mgL

initial measured
dissolved hydrocarbons

LOEC:

72

hours

=

0.03

mg/L

initial measured
dissolved hydrocarbons

NOELR:

72

hours

<

0.1

mg/L WAF loading rates

LOELR:

72

hours

=

0.1

mg/L WAF loading rates

NOEC:

96

hours

=

0.03

mg/L

initial measured
dissolved hydrocarbons

LOEC:

96

hours

=

0.09

mg/L

initial measured
dissolved hydrocarbons

NOELR:

96

hours

=

0.1

mg/L WAF loading rates

LOELR:

96

hours

=

0.32

mg/L WAF loading rates

Upper
Units:
Range:

LC/EC/IC/EL/LL Mean Value
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Exposure
Duration:

Exposure
Value
Type %:
Units:
Description:

Mean
Value or
Lower
Mean
Value:

Upper
Mean
Value:

Units:

Basis for
Effect:

Basis for
Concentration:

72

hours

EL

50

=

2.89

mg/L cell density WAF loading rate

72

hours

EL

50

=

2.57

mg/L cell yield

72

hours

EL

50

=

4.64

mg/L

96

hours

EL

50

=

3.04

mg/L cell density WAF loading rate

96

hours

EL

50

=

3.03

mg/L cell yield

96

hours

EL

50

=

5.29

mg/L

72

hours

EC

50

=

0.48

initial measured
mg/L cell density hydrocarbon
concentrations

72

hours

EC

50

=

0.44

mg/L cell yield

72

hours

EC

50

=

0.75

mg/L

96

hours

EC

50

=

0.51

initial measured
mg/L cell density hydrocarbon
concentrations

96

hours

EC

50

=

0.51

mg/L cell yield

96

hours

EC

50

=

0.85

mg/L

Results Remarks:

WAF loading rate

growth
rate

WAF loading rate

WAF loading rate

growth
rate

WAF loading rate

initial measured
hydrocarbon
concentrations
initial measured
hydrocarbon
concentrations

growth
rate

initial measured
hydrocarbon
concentrations
initial measured
hydrocarbon
concentrations

growth
rate

Toxicity results are expressed as percent inhibition of growth derived from either the
average specific growth rate (r), yield (y), or cell density relative to the control. The
50% Effect Loading (EL50) is the loading rate of the test substance in dilution medium
which is calculated to result in a 50% reduction in growth in a population of test
organisms over a specified exposure period. The No Observed Effect Loading Rate
(NOELR) is the highest loading rate which does not exhibit a statistical difference from
the control. Results expressed as the 50% Effect Concentration (EC50) and the No
Observed Effect Concentration (NOEC) represent the concentration of hydrocarbons
that solubilized from the test substance into each WAF at its respective loading rate.
The test passed all acceptability criteria specified in the OECD Guideline 201 (adopted
2006).
Biological Data (Growth Evaluation):
Mean cell densities (cells/mL)
Day
WAF
Loading
0
1
2
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Rate, mg/L
0 (control)

1x10E+4

4.2x10E+4

1.1x10E+5

3.6x10E+5

8.5x10E+5

0.10

1x10E+4

3.9x10E+4

1.2x10E+5

3.1x10E+5

8.8x10E+5

0.32

1x10E+4

3.7x10E+4

1.2x10E+5

3.0x10E+5

6.8x10E+5

1.02

1x10E+4

2.4x10E+4

7.7x10E+4

2.6x10E+5

6.3x10E+5

3.28

1x10E+4

1.4x10E+4

4.2x10E+4

1.3x10E+5

3.9x10E+5

10.5

1x10E+4

7.9x10E+3

8.7x10E+3

7.5x10E+3

7.5x10E+3

Loading rate is defined as the amount of test substance per unit volume of
algal growth medium (mg/L).
Algistatic/Algicidal Evaluation:
Based on an observed increase in cell the cell density over eight days of incubation,
the inhibition observed in cell growth at the 10.5 mg/L WAF treatment was reversible.
Therefore, the inhibition was considered algistatic in nature.
Analytical Data:
Measured hydrocarbon concentrations in the WAFs do not represent all hydrocarbons
constituting the test substance. The distribution and percentage of gas oil components
measured in the WAFs differed from the parent gas oil sample owing to the differing
solubilities of individual gas oil hydrocarbons. Due to the complex nature of the test
substance, no attempt was made to identify and quantify specific hydrocarbons
solubilized in the WAFs. Results expressed as the LC50 are based on the geometric
mean of the measured concentrations of hydrocarbons that solubilized from the test
substance into the WAF at its respective loading rate.
WAF
Loading Rate,
mg/L
0 (Control)

Measured Hydrocarbon
Concentrations in WAFs, mg/L
Day 0
Day 3
Day 4
ND (<0.032)
1

ND (<0.032)

ND (<0.032)

0.10

0.0282

ND (<0.032)

0.01251

0.32

0.0867

0.02491

0.02771

1.02

0.218

0.0698

0.0615

3.28

0.537

0.308

0.153

10.5

1.65

0.892

0.328

Measured Hydrocarbon Concentrations in
WAFs, mg/L (Poisoned Chemical Controls)
1.02

0.218

0.204

0.202

10.5

1.65

1.53

1.70

Practical Quantitation Limit (PQL) = 0.032 mg/l
1
Detectable, but less than the PQL.

Reliability/Data Quality
Reliability:

1

Reliability Remarks:

Reliable without restrictions; guideline study.

Key Study Sponsor
Indicator:

Key

Reference
Reference:

EMBSI (ExxonMobil Biomedical Sciences Inc.) 2011. Aga, Growth inhibition test on water
accommodated fractions of a light hydrocracked gas oil. Final Report, Study No. 1057767,
EMBSI, Annandale, NJ USA.
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Acute Toxicity to Aquatic Plants
Category Name

GAS OILS

Category Chemical :

CAS no. 64741-77-1, light hydrocracked gas oil

Test Substance :

CAS no. 64741-77-1, light hydrocracked gas oil

Test Substance
Purity/Composition
and Other Test
Substance Comments :

Density (ASTM D4052) @ 15°C/59°F ........................ 0.8244 g/mL
Relative Density @ 60°F ......................................... 0.8248 g/mL
API Gravity @ 60°F ................................................ 40.1 °API
Boiling Range (ASTM D2887):
initial ................................................ 134.4 °C
final.................................................. 290.4 °C
Hydrocarbon Types by FIA (ASTM D1319):
Aromatics .......................................... 16.7 vol %
Olefins .............................................. 1.5 vol %
Saturates .......................................... 81.8 vol %
Determination of aromatic content by supercritical fluid chromatography (ASTM
D5186):
Monoaromatics ................................... 20.8 Wt %
Polynuclear aromatics ......................... <0.5 Wt %
Total aromatics .................................. 21.0 Wt %

Category Chemical
Result Type :

estimated by calculation

Test Substance Result
Type:

estimated

Method
Year Study Performed : 2011
Method/Guideline
Followed:

PETROTOX, v3.05

Deviations from
Method/Guideline :
Species:

Pseudokirchneriella subcapitata

GLP:
Analytical Monitoring :
Test Type:

other

Test Vessel:
Water Media Type:
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Test Concentrations:
Nominal and Measured
Concentrations:
Total Exposure Period:
Vehicle Used:
Vehicle Name:

Vehicle Amount and Units:
Alkalinity:
Dissolved Oxygen:
Value or
Lower Range : Upper Range :

pH Value:

Test Temperature
and Units:

Value or
Lower Range :
Upper Range :

Photo (Light/Dark):
Salinity:
TOC:
Water Hardness:

Method/Guideline
Test Conditions
Remarks:

Value or
Lower Range:
Upper Range:

PETROTOX was developed as a spreadsheet-based program designed to calculate the
toxicity of petroleum products to aquatic organisms using hydrocarbon blocking and
the Target Lipid Model (CONCAWE 2007). This program was used in conjunction with
detailed 2D-GC-MS analyses to calculate predicted EL50 values for the gas oil sample.

Limit Test:

Test Results
NOEC/LOEC/NOELR/LOELR
Exposure
Duration:

Exposure
Units:

Value
Description:

Value or
Lower
Range:

Upper
Range:

NOEC:
LOEC:
NOELR:
LOELR:
LC/EC/IC/EL/LL Mean Value
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Exposure
Duration:

Exposure
Value
Type %:
Units:
Description:

Mean
Value or
Lower
Mean
Value:

Upper
Mean
Value:

Units:

Basis
for
Effect:

Basis for
Concentration:

Calculated by PETROTOX V3.05
EL50 value for the toxicity of CAS 64741-77-1 to Pseudokirchneriella subcapitata =
0.91 mg/L.

Results Remarks:

Reliability/Data Quality
Reliability:

2

Reliability Remarks:

Reliable with restrictions. The endpoint was estimated using a validated QSAR
program.

Key Study Sponsor
Indicator:

Reference
Reference:

CONCAWE. 2007. PETRORISK users guide, version 3.01. CONCAWE, Brussels,
Belgium.

4.4

TOXICITY TO MICROORGANISMS E.G. BACTERIA

4.5.1

CHRONIC TOXICITY TO FISH

Chronic Aquatic Vertebrate Toxicity
Category Name: GAS OIL CATEGORY
Category
Chemical :

No. 2 Fuel Oil (CAS # 68478-30-2)

Test Substance
:

No. 2 Fuel Oil (CAS # 68478-30-2)

Test Substance
Purity/Composi
tion
and Other Test
Substance
Comments :
Category
Chemical Result
Type :

Measured

Test Substance
Result Type:

Measured
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Method
Year Study
Performed :

2001

Method/Guideli
ne Followed:

OECD 215

Deviations from
Method/Guideli
ne :

The lighting was continuous instead of the guideline-required diurnal (16 hours of light and 8
hours of darkness).
Mortality in the control group exceeded the guideline maximum of 10% (actual control
mortality was 2 out of 12 fish or 17%).

Species:

rainbow trout (Oncorhynchus mykiss)

GLP:

No

Analytical
Monitoring :

Yes

Test Type:

static-renewal

Test Vessel:

4.5 L bottles

Test
Concentrations:

0 (control), 0.19, 0.40, 1.2, and 3.0 mg/L WAF loading rate

Nominal and
Measured
Concentrations:

Nominal: 0 (control), 0.19, 0.40, 1.2, and 3.0 mg/L WAF loading rate
Mean Measured: 0 (control), 4.09, 6.36, 13.7, 26.4 µmoles/mL PDMS

Total Exposure
Period:

28 days

Vehicle Used:

None

Vehicle Name:

Vehicle Amount and Units:
Alkalinity:
Dissolved Oxygen:

6.5 – 10.2 mg/L

pH Value:

Value or
Lower Range : 6.1

Test Temperature
and Units:

Value or
Lower Range :

Upper Range : 7.5

mean = 14.1°C
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Upper Range :
Photo (Light/Dark):

24 h light

Salinity:
TOC:
Water Hardness:

Value or
Lower Range: 88 mg/L Upper Range:
106 mg/L

Individual Water Accommodated Fractions (WAF's) were prepared for each treatment. The test
substance was added on a weight to volume basis to 19 L of reconstituted water in glass
carboys (capacity 22 L). The solutions were mixed for 24 hours using a <10% vortex (of the
static liquid depth). The test solutions were removed by siphoning solution through a glass
tube attached to each mixing vessel into three replicates of 4.5 L in 4 L size aspirator bottles
(no headspace). Four fish were added to each replicate and the replicates sealed. Daily
renewals were performed by removing ~80% of the test solution through the outlet at the
bottom of the aspirator bottle and refilling with fresh solution. The fish were received from
Pierce Associates, Inc., West Buxton, ME. The fish were fed Salmon Starter, #1 Crumble
(Zeigler Bros. Inc., Gardners, PA) daily after renewals during the study at a rate of ~2% of
their wet body weight. They were acclimated to the study dilution water prior to use and were
8 weeks old (8 weeks post hatch) at the start of the study. Fish mean weight = 0.176 g at the
start of the study. The fish loading was calculated weekly during the study and ranged from
0.16 g to 0.41g of fish/L.
Mean test temperature: 14.1°C (S.D. = 0.11), continuous light: approximately 59 ft./candles
during the study. Dissolved oxygen ranged from 6.5 to 10.2 mg/L and pH ranged from 6.1 to
7.5 during the study. Water hardness ranged from 88 - 106 mg/L as CaCO3.
Method/Guidelin
e
Test Conditions
Remarks:

A biomimetic extraction technique using solid phase microextraction (SPME) fibers was used to
quantify Bioavailable Petroleum Hydrocarbons (BPH) using polydimethylsiloxane (PDMS) coated
fibers coupled with gas chromatography - flame ionization detection (GC-FID).
BPH samples (in duplicate) were taken from the water accommodated fractions in ca. 140 mL
amber bottles, containing small glass stir bars, with no headspace and sealed with septum
sealed caps. A 100 PDMS SPME fiber (Supleco) was inserted and exposed to each aqueous
sample, which was stirred overnight on a stir plate.
Following overnight equilibration, the SPME fibers were removed from the sample and injected
directly into a Perkin Elmer Autosystem XL gas chromatograph equipped with a flame ionization
detector and 15 m x 0.53 mm id capillary column with 1.5 m Rtx-1 (Restek) film thickness.
The total chromatographic response from the SPME fibers was normalized against a series of
2,3 dimethylnaphthalene standards dissolved in methylene chloride. The standard series is
analyzed under the same analytical conditions as the SPME fibers with the exception that two
microliter liquid injections were performed.
An average response factor was calculated from the series of 2,3 naphthalene standards based
on the amount of standard injected (on a mole) basis. The average standard response factor
was then applied to the total sample chromatographic area to determine the amount on a mole
basis (as 2,3 dimethylnaphthalene). This amount was then normalized to the volume of PDMS
(0.612L) on a 100 fiber. The final BPH reporting units are moles (as 2,3
dimethylnaphthalene) / mL of PDMS.

Limit Test:

Test Results
NOEC/LOEC/NOELR/LOELR
Exposure
Duration:

NOEC:

28

Exposure
Units:

days

Value
Description:

=

Value or
Lower
Range:

13.7
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LOEC:

28

days

=

26.4

uM/mL uMoles/mL PDMS

NOELR: 28

days

=

1.2

mg/L

WAF loading rate

LOELR: 28

days

=

3.0

mg/L

WAF loading rate

LC/EC/IC/EL/LL Mean Value

Exposure
Duration:

Exposure
Units:

Type %:

Value
Description:

Mean Value
or
Lower
Mean
Value:

28

day

EL50 %

>

3.0

mg/L

growth

WAF loading rate

28

day

EC50 %

>

6.4

uM/mL growth

uMoles/mL PDMS

28

day

LL50 %

=

2.7

mg/L

mortality

WAF loading rate

28

day

LC50 %

=

24.4

uM/mL mortality

uMoles/mL PDMS

Upper
Mean
Value:

Units:

Basis for
Effect:

Basis for
Concentration:

The LOEC and NOEC values (based on growth rate) were determined using the following
method. The growth rates of the control and treated fish were calculated separately and the
difference was evaluated for statistical difference. The analysis was based on the natural
logarithm of each weight. A linear regression was fitted to the data array. The slope of the
regression is the rate of growth of the fish, in units of day-1. The absolute value of the
difference in slopes was divided by the pooled standard error and then compared with the
critical t value taken from a t-table to test for a significant difference of (P<0.05).
The following are the endpoint results for the control and exposure solutions.
Loading
Rate^
(mg/L)
Control
0.19
0.4
1.2
3.0

Results Remarks:

Measured
Conc.*
(µmoles/mL PDMS)
0
4.09
6.36
13.7
26.4

Mortality
2**
1**
1**
1
11

Mortality
% ***
0
0
0
0
92

Growth
Rate
(days-1)
0.038
0.039
0.038
0.034
0.032

^ Actual loading rate (weight) of test substance added to the vehicle/dilution water.
* Average of new and old solutions (3 replicates each) sampled on day 0 & 1, 7 & 8; 13 & 14,
21 & 21, 27 & 28. The sample size for each concentration was n = 20.
** Fish found trapped in outlet of test chambers.
*** Abbott's correction applied to data to correct for control mortality.

Reliability/Data Quality
Reliability:

2

Reliability
Remarks:

Reliable with restrictions. Mortality in the control group exceeded the guideline maximum of 10%
(actual control mortality was 2 out of 12 fish or 17%).

Key Study
Sponsor
Indicator:

Reference
Reference:

ExxonMobil Biomedical Sciences, Inc. 2004. Fish Juvenile Growth Test. Study # 146365
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4.5.2

CHRONIC TOXICITY TO AQUATIC INVERTEBRATES

Species
Endpoint
Exposure period
Unit
Analytical monitoring
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:

Daphnia magna (Crustacea)

Method

:

Analytical Monitoring
A biomimetic extraction technique using solid phase
microextraction (SPME) fibers was used to quantify
Bioavailable Petroleum Hydrocarbons (BPH) using
polydimethylsiloxane (PDMS) coated fibers coupled with gas
chromatography - flame ionization detection (GC-FID). The
analysis was performed after the study was completed using
Water Accommodated Fractions (WAF's) which were prepared the
same as they were during the study.
BPH samples (in duplicate) were taken in ca. 140 mL amber
bottles, containing small glass stir bars, with no headspace
and sealed with septum sealed caps. A 100 PDMS SPME fiber
(Supleco) was inserted and exposed to each aqueous sample,
which was stirred overnight on a stir plate.
Following overnight equilibration, the SPME fibers were
removed from the sample and injected directly into a Perkin
Elmer Autosystem XL gas chromatograph equipped with a flame
ionization detector and a 15 m x 0.53 mm id capillary column
with 1.5 m Rtx-1 (Restek) film thickness.
The total chromatographic response from the SPME fibers was
normalized against a series of 2,3 dimethylnaphthalene
standards dissolved in methylene chloride. The standard
series was analyzed under the same analytical conditions as
the SPME fibers with the exception that two microliter
liquid injections were performed.
An average response factor was calculated from the series of
2,3 naphthalene standards based on the amount of standard
injected (on a mole basis). The average standard response
factor was then applied to the total sample chromatographic
area to determine the amount on a mole basis (as 2,3
dimethylnaphthalene). This amount was then normalized to
the volume of PDMS (0.612 L) on a 100 fiber. The final BPH
reporting units are moles (as 2,3 dimethylnaphthalene) / ml
of PDMS.

Result

:

21 day(s)
mg/l
yes
OECD Guide-line 211
2000
no
other TS: Gas Oil CAS 68476-30-2

Statistical Method
The LOELR/LOEC and NOELR/NOEC was determined using the
Bonferroni t-test (Bland, 1995) using TOXSTAT software
(Gulley, 1994).
The 21 day LOELR/LOEC and NOELR/NOEC are based on
reproduction.
mg/l
µmoles/ml PDMS
LOELR NOELR LOEC NOEC
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0.5
0.15
7.24
3.09
The control daphnids released their first brood on days 9
and 10. The coefficient of variation for control fecundity
was 19% OECD guideline 211 requires </= 25%).
The following are the endpoint results for the control and
exposure solutions.

Test condition

Reliability

:

:

Nominal
Measured
Adult
Neonates
Conc. Conc.**
Mortality
per
(mg/l) (µmoles/ml PDMS)
%
Adult
Control 0
0
19.4
0.05 not analyzed
20
17.0
0.15 3.09
30
16.6
0.5
7.24
20
12.5
** Average of 2 replicates sampled from treatments prepared
after study termination.
Individual Water Accommodated Fractions (WAF's) were
prepared for each treatment. The test substance was added on
a weight to volume basis to 45-46 liters of reconstituted
water in glass carboys (capacity approximately 46-47 liter)
for the 0.05 mg/l treatment. The test substance was also
added on a weight to volume basis to 20-23 liters of
reconstituted water in glass carboys (capacity approximately
21-24 liter) for the 0.15 and 0.50 mg/l treatments. The
solutions were mixed for 23-24 hours using a <10% vortex (of
the static liquid depth). The test solutions were removed by
siphoning solution through a glass tube attached to each
mixing vessel into the replicate test chambers.
The test chambers were 55 ml capacity glass Erlenmeyer
flasks with ground glass stoppers (no headspace). One
daphnid was added to each of 10 replicates. The Daphnia were
cultured in-house, were <24 hours old, and were from 11-day
old parents. The test was performed using a static daily
renewal of exposure solutions. Observations for abnormal or
immobilized daphnids and neonates were made on each
replicate at approximately 24-hour intervals.
Test organisms were fed daily when solutions were renewed
with Pseudokirchneriella subcapitata to provide
approximately 1.56E5 cells/ml. Test organisms were also fed
during renewals with 0.75 ml of a yeast, salmon starter,
cereal leave suspension from day 18-21.
Mean test temperature was 19.7°C (S.D. = 0.5) and diurnal
light was approximately 16 hours light and 8 hours dark with
approximately 16-17 ft. candles during full daylight
periods. Dissolved oxygen ranged from 7.9 to 8.8 mg/l and
pH ranged from 7.3 to 7.9 during the study. Water hardness
was 100 to 130 mg/l as CaCO3. The TOC of the dilution water
was <1 ppm.
The mean reproduction in the control did not meet the
guideline minimum of 60 young per adult.
Due to an oversight, water quality was not performed on old
samples from days 6 and 21 as required by the protocol.
(2) valid with restrictions
The mean reproduction in the control did not meet the
guideline minimum of 60 young per adult. The surviving
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daphnids in the control and treatments did not exhibit
abnormal behavior and appeared to be of normal size. The
daphnids also exhibited a regular pattern of brood release
once reproduction had begun. The reduced neonate output is
believed to be due to feeding only algae during most of the
study.
20.12.2004

(79) (92) (96)

Chronic Aquatic Invertebrate Toxicity
Category
Chemical :

GAS OILS

Test Substance :

Distillates (Petroleum), light hydrocracked gas oil, CAS no. 64741-77-1

Test Substance
Purity/Compositi
on
and Other Test
Substance
Comments :

Density (ASTM D4052) @ 15°C/59°F .......................... 0.8244 g/mL
Relative Density @ 60°F .......................................... 0.8248 g/mL
API Gravity @ 60°F ................................................. 40.1 °API
Boiling Range (ASTM D2887):
initial ................................. 134.4 °C
final ................................... 290.4 °C
Hydrocarbon Types by FIA (ASTM D1319):
Aromatics ........................... 16.7 vol %
Olefins................................ 1.5 vol %
Saturates ............................ 81.8 vol %
Determination of aromatic content by supercritical fluid chromatography (ASTM D5186):
Monoaromatics .................... 20.8 Wt %
Polynuclear aromatics ........... <0.5 Wt %
Total aromatics .................... 21.0 Wt %

Category
Chemical Result
Type :

Measured

Test Substance
Result Type:

Measured

Method
Year Study
Performed :

2012

Method/Guidel
ine Followed:

OECD 211; Daphnia magna Reproduction Test

Deviations
from
Method/Guidel
ine :

Due to the complex nature and limited solubility of the test substance, test solutions were
prepared as Water Accommodated Fractions (WAF). The temperature of the test solutions
occasionally exceeded the upper limit by 0.1 to 1.2 °C to that specified in the guideline.

Species:

Daphnia magna Strauss

GLP:

Yes

Analytical
Monitoring :

Yes

Test Type:

Static-renewal

Test Vessel:

130-mL clear glass containers with screw caps
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Water Media
Type:

Reconstituted moderately hard water using the recipe cited in APHA (2005), Standard Methods
for the Examination of Water and Wastewater, 21st ed.

Test
Concentrations
:

WAF loading rates: 0 (control), 0.04, 0.08, 0.16, 0.32, and 0.64 mg/L.

Nominal and
Measured
Concentrations
:

Nominal WAF loading rates: 0 (control), 0.04, 0.08, 0.16, 0.32, and 0.64 mg/L.
Time-weighted mean concentrations of solubilized hydrocarbons: Control (not detected), 0.013,
0.021, 0.037, 0.072, and 0.13 mg/L.

Total Exposure
Period:

21 days

Vehicle Used:

None

Vehicle Name:

Vehicle Amount and Units:
Alkalinity:

110 – 120 mg/L as CaCO3

Dissolved Oxygen:

6.15 to 9.37 mg/L

pH Value:

Value or
Lower Range : 7.51 Upper Range : 8.49

Test Temperature
and Units:

Photo (Light/Dark):

Value or
Lower Range :
Upper Range :

20.7
22.2

16 h light:8 h dark; intensity ranged from 176 – 205 lux

Salinity:
TOC:
Water Hardness:

0.090 and 0.12 mg/L

Value or
Lower Range: 164 mg/L as CaCO3
Upper Range: 182 mg/L as CaCO3

Individual water accommodated fractions of the test substance were independently prepared by
adding measured volumes of test substance to 20 L of dilution water in glass aspirator bottles.
The test substance was added by stainless steel syringes and the loading rate in mg/L was
converted to mass per unit volume (mg/L) based on the density of the test substance. The
bottles were sealed and the mixtures stirred for 24±2 hours at a sufficient rate to create a vortex
of ≤10% of the static liquid depth. At the end of the mixing period the mixtures were allowed to
Method/Guidelin settle for 1 h ± 30 min then 2 L of WAF was removed and to which 50 µL of Vita chem
e
freshwater formula was added. Each WAF preparation was distributed to 10 replicate test
Test Conditions chambers (130-mL clear glass vessels with screw lids). A single neonate daphnid was added to
Remarks:
each test chamber, and the lids were attached such that no headspace existed in the chamber.
Fresh WAF solutions of each loading rate were prepared every two days and parent daphnids
were transferred to fresh solutions every two days of the test.
Adult daphnids were observed daily for immobilization, reproduction, and abnormal behavior or
appearance. Offspring were counted during renewal periods and at the end of the test. Each day
during the test, parent daphnids received an aliquot of an algal suspension (Pseudokirchneriella
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subcapitata) as diet. On renewal days, Vita-chem freshwater formula was added (25µL/L) with
the algae suspension to the WAFs.
Analyses of solubilized hydrocarbons in the fresh and old WAFs were measured using automated
static headspace gas chromatography with flame ionization detection (HS GC-FID). Duplicate
aliquots from the bullk fresh WAF solutions were analyzed, while aliquots from three replicate
test chambers were taken on renewal days for analysis. Fresh WAF samples were collected on
days 0, 6, 14, and 20, while samples of old WAFs were taken on days 2, 8, 16, and 21. The
distribution and percentage of gas oil components measured in the WAFs differed from the
parent test substance owing to the differing solubilities of individual gas oil hydrocarbons.
Therefore, measured concentrations did not represent all hydrocarbons constituting the test
substance. Due to the complex nature of the test substance, no attempt was made to identify
and quantify specific hydrocarbons in the WAFs.
Limit Test:

Test Results
NOEC/LOEC/NOELR/LOELR

Exposure
Duration:

Exposure
Units:

Value
Description:

Value or
Lower
Range:

NOEC:

21

days

=

LOEC:

21

days

NOELR:

21

LOELR:

21

Upper
Range:

Units:

Basis for Concentration:

0.13

mg/L

time-weighted mean concentration
of dissolved hydrocarbons

>

0.13

mg/L

time-weighted mean concentration
of dissolved hydrocarbons

days

=

0.64

mg/L

WAF loading rate

days

>

0.64

mg/L

WAF loading rate

LC/EC/IC/EL/LL Mean Value
Exposure
Duration:

Exposure
Units:

Type %:

Value
Description:

Mean Value
or
Upper Mean
Units:
Lower Mean
Value:
Value:

Basis for
Effect:

Basis for
Concentration:

The test met all acceptability criteria specified in OECD Guideline 211. Because no statistically
significant differences existed between the control and treatment groups, no EL/LL values could
be calculated.
Biological results:
Results
Remarks:
Loading Rate
(mg/L)

21-day
Survival
(%)

21-Day
Reproduction
Mean
offspring/female

Mean
Adult Length
(mm)

Control

100

139

4.9

0.04

100

139

4.9

Page 120 of 363

Id Gas Oils

4. Ecotoxicity

Date October 23, 2012

0.08

100

134

5.0

0.16

100

140

4.9

0.32

100

145

4.9

0.64

100

133

4.9

Results of chemical analysis:
Measured concentrations did not represent all hydrocarbons constituting the test substance due
to differing solubilities of individual gas oil hydrocarbons. Due to the complex nature of the test
substance, no attempt was made to identify and quantify specific hydrocarbons solubilized in the
WAFs. Percent retention is the ratio of the old solution concentration to the new solution
concentration expressed as a percentage. The values given indicate that exposure concentrations
at the end of a renewal cycle remained at least 81% of the initial concentration measured in the
respective fresh WAF.
Nominal
Loading
Time-weight Mean
Mean Percent
Rate, mg/LConcentration, mg/L
Retention
0 (control)
Not detected
NA
0.04
0.013
81
0.08
0.021
87
0.16
0.037
81
0.32
0.072
86
0.64
0.13
97
Practical Quantitation Limit = 0.013 mg/L

Reliability/Data Quality
Reliability:
Reliability
Remarks:
Key Study
Sponsor
Indicator:

1
Reliable without restrictions; guideline study
Key

Reference
Reference:

EMBSI (ExxonMobil Biomedical Sciences Inc.) 2012. Daphnia magna, Reproduction test on water
accommodated fractions of a light hydrocracked gas oil. Final Report, Study No. 1057746,
EMBSI, Annandale, NJ USA.

Chronic Aquatic Invertebrate Toxicity
Category
Chemical :

GAS OILS

Test Substance
:

Distillates (Petroleum), light catalytic cracked gas oil, CAS no. 64741-59-9

Test Substance
Purity/Composi
tion
and Other Test
Substance
Comments :

Relative Density (ASTM D4052) @ 60/60°F ............... 0.9618 g/mL
API Gravity @ 60°F ................................................ 15.6 °API
Boiling Range (ASTM D2887):
initial ................................................ 142.7 °C
final .................................................. 357.7 °C
Hydrocarbon Types by FIA (ASTM D1319):
Aromatics .......................................... 75.3 vol %
Olefins .............................................. 7.2 vol %
Saturates .......................................... 17.5 vol %
Determination of aromatic content by supercritical fluid chromatography (ASTM D5186):
Monoaromatics ................................... 24.0 Wt %
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Polynuclear aromatics.......................... >50.0 Wt %
Total aromatics .................................. 83.5 Wt %
Category
Chemical Result
Type :

Measured

Test Substance
Result Type:

Measured

Method
Year Study
Performed :

2012

Method/Guideli
ne Followed:

OECD 211; Daphnia magna Reproduction Test

Deviations from
Method/Guideli
ne :

Due to the complex nature and limited solubility of the test substance, test solutions were
prepared as Water Accommodated Fractions (WAF). The temperature of the test solutions
occasionally exceeded the upper limit by 0.3 to 0.9 °C to that specified in the guideline.

Species:

Daphnia magna Strauss

GLP:

Yes

Analytical
Monitoring :

Yes

Test Type:

Static-renewal

Test Vessel:

130-mL clear glass containers with screw caps

Water Media
Type:

Reconstituted moderately hard water using the recipe cited in APHA (2005), Standard Methods
for the Examination of Water and Wastewater, 21st ed.

Test
Concentrations:

WAF loading rates: 0 (control), 0.05, 0.10, 0.18, 0.34, and 0.65 mg/L.

Nominal and
Measured
Concentrations:

Nominal WAF loading rates: 0 (control), 0.05, 0.10, 0.18, 0.34, and 0.65 mg/L.
Time-weighted mean concentrations of solubilized hydrocarbons: Control (not detected), 0.038,
0.075, 0.14, 0.25, and 0.54 mg/L.

Total Exposure
Period:

21 days

Vehicle Used:

None

Vehicle Name:

Vehicle Amount and Units:
Alkalinity:

118 – 145 mg/L as CaCO3

Dissolved Oxygen:

6.65 to 9.63 mg/L
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Value or
Lower Range : 7.84 Upper Range : 8.67

pH Value:

Value or
Lower Range :
Upper Range :

Test Temperature
and Units:

Photo (Light/Dark):

20.1
21.9

16 h light:8 h dark; intensity ranged from 160 – 201 lux

Salinity:
TOC:

0.44 and 0.082 mg/L

Value or
Lower Range: 164 mg/L as CaCO3
Upper Range: 180 mg/L as CaCO3

Water Hardness:

Individual water accommodated fractions of the test substance were independently prepared by
adding measured volumes of test substance to 20 L of dilution water in glass aspirator bottles.
The test substance was added by stainless steel syringes and the loading rate in mg/L was
converted to mass per unit volume (mg/L) based on the density of the test substance. The
bottles were sealed and the mixtures stirred for 24±1 hours at a sufficient rate to create a
vortex of ≤10% of the static liquid depth. At the end of the mixing period the mixtures were
allowed to settle for 1 h ± 30 min then 2 L of WAF was removed and to which 50 µL of Vita
chem freshwater formula was added. Each WAF preparation was distributed to 10 replicate test
chambers (130-mL clear glass vessels with screw lids). A single neonate daphnid was added to
each test chamber, and the lids were attached such that no headspace existed in the chamber.
Fresh WAF solutions of each loading rate were prepared every two days and parent daphnids
were transferred to fresh solutions every two days of the test.
Method/Guidelin
e
Test Conditions
Remarks:

Adult daphnids were observed daily for immobilization, reproduction, and abnormal behavior or
appearance. Offspring were counted during renewal periods and at the end of the test. Each day
during the test, parent daphnids received an aliquot of an algal suspension (Pseudokirchneriella
subcapitata) as diet. On renewal days, Vita-chem freshwater formula was added (25µL/L) with
the algae suspension to the WAFs.
Analyses of solubilized hydrocarbons in the fresh and old WAFs were measured using automated
static headspace gas chromatography with flame ionization detection (HS GC-FID). Duplicate
aliquots from the bullk fresh WAF solutions were analyzed, while aliquots from three replicate
test chambers were taken on renewal days for analysis. Fresh WAF samples were collected on
days 0, 6, 14, and 20, while samples of old WAFs were taken on days 2, 8, 16, and 21. The
distribution and percentage of gas oil components measured in the WAFs differed from the
parent test substance owing to the differing solubilities of individual gas oil hydrocarbons.
Therefore, measured concentrations did not represent all hydrocarbons constituting the test
substance. Due to the complex nature of the test substance, no attempt was made to identify
and quantify specific hydrocarbons in the WAFs.

Limit Test:

Test Results
NOEC/LOEC/NOELR/LOELR
Exposure
Duration:

Exposure
Units:

Value
Description:

Value or
Lower
Range:

NOEC:

21

days

=

0.038

mg/L

time-weighted mean concentration of
dissolved hydrocarbons

LOEC:

21

days

=

0.075

mg/L

time-weighted mean concentration of
dissolved hydrocarbons

NOELR:

21

days

=

0.05

mg/L WAF loading rate

LOELR:

21

days

=

0.10

mg/L WAF loading rate

Upper
Range:

Page 123 of 363

Units:

Basis for Concentration:

Id Gas Oils

4. Ecotoxicity

Date October 23, 2012

LC/EC/IC/EL/LL Mean Value

Value
Description:

Mean
Value or
Lower
Mean
Value:

20

=

0.12

mg/L

Reproduction

WAF loading rate

EC

20

=

0.09

mg/L

Reproduction

time-weighted mean
concentration of dissolved
hydrocarbons

days

EL

50

=

0.22

mg/L

Survival

WAF loading rate

days

EC

50

=

0.17

mg/L

Survival

time-weighted mean
concentration of dissolved
hydrocarbons

Exposure
Duration:

Exposure
Units:

21

days

EL

21

days

21
21

Type %:

Upper
Mean
Value:

Units:

Basis for
Effect:

Basis for Concentration:

The test met all acceptability criteria specified in OECD Guideline 211.
Biological results:
21-Day
Mean
Reproduction
Adult Length
Mean
(mm)
offspring/female

Loading Rate
(mg/L)

21-day
Survival
(%)

Control

100

132

5.1

0.05

100

122

5.0

0.10

90

112

4.9

0.18

90

86

4.4

0.34

0

NA

NA

0.65

0

NA

NA

Results Remarks:
Results of chemical analysis:
Measured concentrations did not represent all hydrocarbons constituting the test substance due
to differing solubilities of individual gas oil hydrocarbons. Due to the complex nature of the test
substance, no attempt was made to identify and quantify specific hydrocarbons solubilized in the
WAFs. Percent retention is the ratio of the old solution concentration to the new solution
concentration expressed as a percentage. The values given indicate that exposure
concentrations at the end of a renewal cycle remained at least 77% of the initial concentration
measured in the respective fresh WAF.
Nominal
Time-weight Mean
Loading
Hydrocarbon
Mean Percent
Rate, mg/L
Concentration, mg/L
Retention
0 (control)
Not detected
NA
0.05
0.038
84
0.10
0.075
92
0.18
0.14
91
0.34
0.25
77
0.65
0.54
78
Practical Quantitation Limit = 0.0037 mg/L
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Reliability/Data Quality
Reliability:
Reliability
Remarks:
Key Study
Sponsor
Indicator:

1
Reliable without restrictions; guideline study
Key

Reference
Reference:

EMBSI (ExxonMobil Biomedical Sciences Inc.) 2012. Daphnia magna, Reproduction test on
water accommodated fractions of a light catalytic cracked gas oil. Final Report, Study No.
1057646, EMBSI, Annandale, NJ USA.

4.6.1

TOXICITY TO SEDIMENT DWELLING ORGANISMS

4.6.2

TOXICITY TO TERRESTRIAL PLANTS

4.6.3

TOXICITY TO SOIL DWELLING ORGANISMS

4.6.4

TOX. TO OTHER NON MAMM. TERR. SPECIES

4.7

BIOLOGICAL EFFECTS MONITORING

4.8

BIOTRANSFORMATION AND KINETICS

4.9

ADDITIONAL REMARKS
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5.1.1

ACUTE ORAL TOXICITY

Type
Value
Species
Strain
Sex
Number of animals
Vehicle
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:

LD50
6790 - 7180 mg/kg bw
Rat
Sprague-Dawley
Male/female
5
None
1985
Yes
API 83-08, predominantly aromatic, see section 1.1.1.

Method

:

Result

:

The test material was administered undiluted, as a single oral dose to
groups of 5 male at each of 5 dose levels and 5 female rats at each of 3
dose levels. The rats had been fasted for 24 hours prior to dosing but had
free access to water.
Following dosing, food and water were available ad-lib for a period of 14
days. The animals were observed for clinical signs of toxicity and mortality
every hour for the first 6 hours after dosing and twice daily thereafter for 14
days. The rats were weighed just prior to dosing and then at 7 and 14 days
after dosing.
At study termination all animals were killed with carbon dioxide and
subjected to a gross necropsy and abnormalities were recorded.
The LD 50 and 95% confidence limits were calculated using a standard
technique.
Clinical signs seen during the study included: hypoactivity, diarrhea, yellowstained urogenital/abdominal area, hair loss on anal region/abdomen/hind
legs, ataxia, red-stained nose and mouth, prostration, lacrimation,
catalepsy, dyspnea, possible respiratory congestion, hypothermic to touch,
inflamed anal region and death.
Mortalities were as follows:
Dose
(g/kg)

No. dead/ No. dosed

Males

Reliability

:

5.0
0/5
6.25
3/5
7.81
3/5
9.76
3/5
12.2
5/5
Females
5.0
1/5
6.25
1/5
7.81
4/5
(1) valid without restriction
(18)

Type
Species
Test substance

:
:
:

LD50
Rat
Gas oils various. See section 1.1.1

Result

:

In addition to the study summarized above, the American Petroleum
Institute reported acute oral toxicity studies for four other gas oils. In all
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five studies the clinical signs were similar irrespective of the test material.
All studies are considered to be reliability 1 (Klimisch) and therefore only
one study has been described fully in the robust summary above.
The following table summarizes the LD50 data available for all five studies
(including API 83-08) that have been reported.
Sample

CAS No.

Predominantly aromatic
API 83-07
64741-59-9
API 83-08

Reliability

:

64741-59-9

Predominantly saturates
API 81-10
64742-80-9
API 83-11
64742-44-2
API 81-09
64742-80-9
(1) valid without restriction

Oral LD50
(g/kg)

Reference

M 4.66
F 3.2
M 7.18
F 6.79

API 33-30162

>5.0
>5.0
>5.0

API 30-32348
API 32-32857
API 30-32347

API 32-32859

(2) (4) (5) (19)
Type
Value
Species
Strain
Sex
Number of animals
Vehicle
Doses
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:
:
:

LD50
= 9 ml/kg bw
rat
Sprague-Dawley
male/female
10
other: undiluted

Method

:

Result

:

Food was withheld from the rats overnight prior to dosing.
A single dose of test material was given by gavage to groups
of 5 male and 5 female rats at dose levels of 2.5, 5.0, 10,
15 & 20 ml/kg.
Daily observations were made for death or signs of toxicity
during the 14 day duration of the study. Body weights were
recorded at the start and on the 7th and 14th day of the
study.
A gross necropsy was performed on all animals that died
during the study and on all survivors that were sacrificed
on day 14.
Mortality rates were as follows:

other
1980
no data
other TS: Diesl fuel, sample API 79-6 (See section 1.1.1.)

Dose group
Mortality
(ml/kg)
(%)
2.5
12.5
5
20
10
70
15
40
20
90
Signs of toxicity were the same for all dose groups and
increased in severity with increasing dose. The signs
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included oily urine stains and oily diarrhea. The urine and
feces stayed on the fur and caused hair loss, irritation,
redness and sores on the affected skin. In many animal open
sores were observed on the skin surrounding the anus. Blood
around the eyes, nose and mouth was also common. Other signs
noted included lethargy and pus or blood at the urinary
orifice.
Observations at gross necropsy were similar for each dose
group.

Conclusion

:

Reliability

:

Almost all animals that died before the 14th day had
intestinal damage. The intestines and often the stomach were
hemorrhagic, sometimes observed with blood. The intestinal
walls were thin. Test material was found in the cecum for
many days after dosing and a few rats had white spots on
their cecums and an increased amount of gas was noted in the
intestinal tract.
Animals surviving 14 days had fewer abnormalities, all minor
in nature. These included enlarged Peyer's patches on the
intestine, an indication that some irritation had occurred.
The oral median lethal dose was 9.0 ml/kg with a 95%
confidence interval of 5.58 to 14.51 ml/kg.
(1) valid without restriction
Although the study was conducted before Good Laboratory
Practices were published, the study appears to have been
conducted using appropriate methods and to have been fully
reported.

28.07.2003

(73)

Type
Value
Species
Strain
Sex
Number of animals
Vehicle
Doses
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:
:
:

LD50

Remark
This is shown as
„Reliability“ in previous
version
Result

:

Although the studies were conducted before Good Laboratory
Practices were published, they appear to have been
conducted using appropriate methods and to have been fully
reported.
API reported acute oral toxicity studies on three samples of
home heating oil prepared from blends of straight run and
cracked stocks.
The LD50 values are shown below
Sample
Saturates
LD50 API report
content (%)
(ml/kg) number
API 78-4
67.8
21.2 API 27-32068
API 78-2
73.4
19
API 27-32771
API 78-3
79.2
14.5 API 27-32773

:

rat

other TS: Home heating oil containing cacked stocks (See section 1.1.1.)

13.10.2004

(70) (71) (72)
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5.1.2

ACUTE INHALATION TOXICITY

Type
Species
Strain
Sex
Number of animals
Exposure time
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:

LC50
Rat
Sprague-Dawley
Male/female
5
4 hour(s)
1987
Yes
API 83-11, predominantly saturates, see section 1.1.1.

Method

:

Result

:

5 male and 5 female rats were exposed to 6 different concentrations of test
substance by whole body exposure for 4 hours. The study was conducted
in two parts. The first part consisted of exposures at a single nominal
concentration of 5 mg/l, the second part consisted of exposures at nominal
concentrations of 0, 3.3, 4.78, 6.55 and 7.58 mg/l. After exposure for 4
hours, the rats were observed twice daily for mortality. The animals were
weighed prior to exposure and again on days 7 and 14 post exposure. On
day 14 all surviving animals were killed by exsanguination following
methoxyflurane anesthesia. For all animals, including those found dead
during the study the lungs and any grossly abnormal tissues were
removed, fixed and examined histologically.
Results of chamber monitoring and overall mortalities are shown in the
following table
Chamber concentration
(mg/l)
Nominal
Actual

No. Dead/No. exposed
Male

Female

14.1
5.39
5/5
5/5
0.0
0.01
0/5
0/5
3.31
1.05
0/5
0/5
6.55
3.22
4/5
5/5
4.78
1.6
3/5
1/5
7.58
2.25
4/5
5/5
The actual concentrations were used to determine the LC50
values. These were as follows:
Sex

LC50 95% Confidence limits
(mg/l) (mg/l)

Male
Female
Male & Female

1.72
1.82
1.78

1.22 to 2.42
1.45 to 2.28
1.44 to 2.2

There was an apparent dose-related weight suppression at 7 days but at
14 days body weight gains were observed in surviving animals. Clinical
signs during the exposure consisted of: decreased activity, wet inguinal
area, eyes partially closed, wet coat and oily coat. In the seven days
following exposure there were signs of poor condition and respiratory
distress. In the second week survivors were considered to be normal in
appearance.
Gross post mortem findings included oily hair coat which was attributable to
deposition of test material. Additionally, dark red lungs were observed in
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all animals that died within a day or two of exposure. This was not
observed in any animal that survived the exposure.
A diffuse moderate or marked pulmonary congestion and perivascular
edema was seen in all animals that died during the study. Spotty alveolar
edema was also seen but less consistently.
In all animals that had died during the study widespread damage had
occurred to the alveolar walls resulting in fibronecrotic debris and
extravasation of RBCs and PMNs. Necrosis was 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. Larger airways
were relatively unaffected. Animals surviving to term did not exhibit the
above changes but survivors that had been exposed to levels of 1.5 mg/l
and above exhibited chronic inflammatory changes in the lungs.
Exposures were conducted in stainless steel and glass chambers of 0.25
cubic meter volume. The rats were individually housed during exposure.
Aerosols of API 83-11 were generated using a nebulizer and were
introduced to the exposure chamber intake where it was diluted with room
air to achieve the target concentration. Actual chamber concentrations
were determined gravimetrically by collection of aerosols on filters.
(1) valid without restriction
(1)

Test condition

:

Reliability

:

Type
Test substance

:
:

LC50
Gas oils various, see section 1.1.1.

Result

:

The American Petroleum Institute have reported four other acute inhalation
toxicity studies on gas oil samples.
The LC50 determined in all studies (including the one summarized above)
are as follows:

Sample

CAS

Predominantly aromatic
API 83-07
64741-59-9
API 83-08
64741-59-9
Predominantly saturates
API 81-10
64742-80-9
API 83-11
64742-44-2

:

5.4*
API 33-30549
4.65** API 33-30444

7.64
API 30-32857
M 1.72 API 34-3065
F 1.82
M&F 1.78
4.60
API 30-32856

API 81-09

64742-80-9

*

5.4 mg/l for combined sexes.
3.35 mg/l for males; female data inadequate to calculate
female LC50 alone.

**

Reliability

LC50 Reference
(mg/l)

LC50

No deaths occurred during the exposure period at 5.06 mg/l
aerosol. However, 3 males and 1 female from this group died
during the 14-day observation period. (Repeated at 2.34 - 7.29
mg/l) LC50 of 4.65 mg/l for combined sexes but data insufficient for
determination of LC50 for females alone.
(1) valid without restriction
(8) (9) (25) (26)
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5.1.3

ACUTE DERMAL TOXICITY

Type
Value
Species
Strain
Sex
Number of animals
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:

LD50
> 2000 mg/kg bw
Rabbit
New Zealand white
Male/female
8
1985
Yes
TS: API 83-08, predominantly aromatic, see section 1.1.1.

Method

:

Result

:

Conclusion

:

Reliability

:

A weighed quantity of undiluted test material (equivalent to a dose of 2
g/kg) was applied to the dorsal skin of each of 4 male and 4 female rabbits.
The skin of the patched area of two rabbits of each sex had been abraded
whilst the other two had intact skin. The applied dose was covered
with an occlusive dressing (gauze and an impermeable covering). 24 hours
after dosing, the patches were removed, the skin wiped and collars fitted to
the rabbits to prevent oral intake of any residual test material. The collars
were removed 24 hours later and the animals were observed for a total of
14 days post-dosing.
At study termination the animals were killed with carbon dioxide and a
gross necropsy was performed. Any abnormalities were recorded.
No signs of systemic toxicity or death occurred at the dose level of 2 g/kg in
this study.
Dermal irritation ranged from slight to severe for erythema and edema,
from slight to moderate for atonia, desquamation and coriaceousness, and
from slight to marked for fissuring. Other dermal irritation seen included
subcutaneous hemorrhage and blanching.
The LD50 was greater than 2 g/Kg in both sexes for both intact and abraded
skin.
(1) valid without restriction
(18)

Type
Test substance

:
:

LD50
Gas oils various, see section 1.1.1.

Result

:

The American Petroleum Institute reported five acute dermal toxicity
studies for gas oils including sample API 83-08 (described above).
In all studies the clinical signs were similar irrespective of the test material.
All studies are considered to be reliability 1 (Klimisch) and therefore only
one study has been described fully in the robust summary above.
The following table summarizes the LD50 data available for all five studies
(including API 83-08) that have been reported.
Sample

CAS No.

Predominantly aromatic
API 83-07
64741-59-9
API 83-08
64741-59-9
Predominantly saturates
API 81-10
64742-80-9
API 83-11
64742-44-2
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Reliability

:

API 81-09
64742-80-9
(1) valid without restriction

>2.0

API 30-32347
(2) (4) (5) (19)

Type
Value
Species
Strain
Sex
Number of animals
Vehicle
Doses
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:
:
:

LD50
> 5 ml/kg bw
rabbit
New Zealand white
male/female
8
other: undiluted

Method

:

Result

:

Conclusion

:

Reliability

:

24 hours prior to testing 5 male and 5 female rabbits were
weighed, and their dorsal skin shaved. The shaved skin of 2
males and 2 females was abraded with a hypodermic needle,
sufficient to cut the stratum corneum but not so deep as to
disturb the dermis or cause bleeding.
A single 5 ml/kg dose ( calculated on day 0 body weights) of
test material was applied to a gauze sponge which was then
placed on the skin test site. The gauze was covered by an
occlusive dressing.
After a 24 hour exposure period the dressings were removed
and any residual test material was removed from the skin by
wiping with gauze sponges.
Throughout the study the animals were examined for
behavioural reactions and other signs of toxicity and the
skin test sites were examined for local reactions. Body
weights were recorded at the beginning of the study and
again after 7 and 14 days. Surviving animals were sacrificed
on the 14th day and were subjected to a gross necropsy.
There were no clinical signs of toxicity and the animals did
not lose weight during the study.
Erythema followed by drying and flaking of the skin was
noted at the test site in all rabbits.
At gross necropsy congested kidneys were noted in 4 rabbits,
two animals had hemorrhages in the trachea and one rabbit
had a congested liver.
The acute dermal LD50 of the test material was greater than
5 ml/kg.
(1) valid without restriction
Although the study was conducted before Good Laboratory
Practices were published, the study appears to have been
conducted using appropriate methods and to have been fully
reported. A sentence has been deleted here

other
1980
no data
other TS: Diesl fuel, sample API 79-6 (See section 1.1.1.)

13.10.2004
Type
Value
Species
Strain
Sex
Number of animals

(73)
:
:
:
:
:
:

LD50
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Vehicle
Doses
Method
Year
GLP
Test substance

:
:
:
:
:
:

Remark RELIABILITY

:

Result

:

other TS: Home heating oil containing cracked stock (See section 1.1.1.)
Although the studies were conducted before Good Laboratory
Practices were published, they appear to have been conducted
using appropriate methods and to have been fully reported.
API reported acute dermal toxicity studies on three samples
of home heating oil prepared from blends of straight run and
cracked stocks.
The LD50 values are shown below
Sample

Saturates
content (%)
ml/kg

LD50 API
report no.

API 78-4
API 78-2
API 78-3

67.8
73.4
79.2

API 27-32068
API 27-32771
API 27-32773

>5
>5
>5

13.10.2004
5.2.1

(70) (71) (72)

SKIN IRRITATION

Species
Concentration
Exposure
Exposure time
Number of animals
PDII
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:

Rabbit
Undiluted
Occlusive
24 hour(s)
6
6.9
Draize Test
1985
Yes
API 83-08, predominantly aromatic, see section 1.1.1.

Method

:

Result

:

0.5 ml of undiluted test material was applied to two areas on each of six
rabbits. One area was intact and the other abraded skin. The treated area
was then covered with an occlusive dressing.
After 24 hours the dressing was removed and the treated skin was wiped to
remove any residue of test material. The degree of erythema and edema
was recorded according to the Draize scale. A second reading of skin
responses was made at 72 hours again at 96 hours, 7 and 14 days.
Results of the 24 and 72 hour readings were used to determine the Primary
Irritation Index.
Moderate to severe levels of irritation occurred in this study.
There was no real difference in the severity of the response on either intact
or abraded skin. Average irritation scores were as follows for abraded skin:

24 hours
72 hours
96 hours
7 days
14 days

Erythema
3.2
3.7
3.5
2.2
0.3
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Blanching was seen in 2 animals at 24 hours and in six animals at 72
hours. At 96 hours subcutaneous hemorrhaging within the test sites was
observed in all animals A possible necrotic area was seen in one animal at
96 hours.
(1) valid without restriction
(18)

Reliability

:

Species
Test substance

:
:

Rabbit
Gas oils various, see section 1.1.1.

Result

:

Seven skin irritation studies have been reported for gas oil samples,
including sample API 83-08. All the available data (including that for API
83-08) are summarized below.
It is interesting to note that the predominantly aromatic gas oils were
slightly more irritant than the predominantly saturate gas oils.
Sample

CAS No.

Irritation
index

Reference

Predominantly aromatic
API 83-07
64741-59-9
CONCAWE MD 7
64741-59-9
API 83-08
64741-59-9

5.6
*
6.9

API 33-30162
CONCAWE 91/51
API 32-32859

Predominantly saturates
API 81-10
64742-80-9
CONCAWE MD 6
64742-46-7
API 83-11
64742-44-2
API 81-09
64742-80-9

5.9
**
3.2
4.3

API 30-32348
CONCAWE 91/51
API 32-32857
API 30-32347

Samples MD 6 and MD 7 were tested in a 4 hour semi-occlusive patch test
in rabbits.
*

MD-7 elicited well defined erythema in one animal and
moderate/severe erythema in two animals at the 60 minute, Day 1,
Day 2, and Day 3 observations. One animal had well defined
erythema on Day 7. Edema, which ranged from very slight to
moderate, was observed in all animals up till the 72 hour stage.
Desquamation was seen in all animals at day 7 and in only one
animal at day 10. At day 10 all animals were free from erythema
and/or edema.

**

Reliability

:

Species
Concentration
Exposure
Exposure time
Number of animals

:
:
:
:
:

MD-6 elicited minimal, transient dermal irritation in all 3 animals. At
the 60 minute observation time, well-defined erythema and very
slight edema was observed. Very slight erythema was observed in
all animals at day 1, 2 animals on days 2 and 3, and one animal on
day 7. Two animals were observed with desquamation on day 7.
All animals were free of dermal abnormalities at the 10 day
observation.
(1) valid without restriction
(2) (4) (5) (19) (48) (50)
rabbit
undiluted
Occlusive
24 hour(s)
6
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Vehicle
PDII
Result
Classification
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:

Method

:

Result

:

6.81

Draize Test
1980
no data
other TS: Diesl fuel, sample API 79-6 (See section 1.1.1.)
Four test sites approximately one inch square were prepared
on each of 3 male and 3 female rabbits by clipping. Two of
the sites on each animal were abraded with a hypodermic
needle, sufficient to cut the stratum corneum, but not deep
enough to either disturb the dermis or cause bleeding.
For each test site, 0.5 ml of test material was applied to a
gauze patch which was then placed on the skin. The gauze
patches were secured in place with a bandage and an
occlusive covering.
24 hours after the patches were applied they were removed
and any surplus test material was removed from the skin by
wiping with a gauze sponge.
24 hours after patch removal the skin at the test site was
examined and scored for erythema and edema (Draize scale).
At 24 hours the skin of all rabbits was very irritated.
Blisters had formed and some of these had opened.
At 72 hours the sites were still very irritated and open
sores were observed in 2 rabbits.
At day 7 scabs had formed at most test sites
At day 14 the skin was healing but was still dry and flaky
and there had been no hair growth.
Average scores for erythema and edema are listed below.
Exposure time
Average
(Hrs)
score
Erythema
Intact skin

24
72

Abraded skin

24
72

Edema
Intact skin

24
72

Abraded skin

Conclusion
Reliability

:
:

4.0
3.83
4.0
3.83
3.0
2.92
3.0
2.67

24
72
Extremely irritating
(1) valid without restriction
Although the study was conducted before Good Laboratory
Practices were published, the study appears to have been
conducted using appropriate methods and to have been fully
reported.

03.11.2003
Species
Concentration
Exposure
Exposure time

(73)
:
:
:
:

rabbit
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Number of animals
Vehicle
PDII
Result
Classification
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:

Remark RELIABILITY

:

Result

:

13.10.2004
5.2.2

other TS: Home heating oil containing cracked stocks (See section 1.1.1.)
Although the studies were conducted before Good Laboratory
Practices were published, they appear to have been conducted
using appropriate methods and to have been fully reported.
API reported skin irritation studies on three samples of
home heating oil prepared from blends of straight run and
cracked stocks.
The primary irritation indices are shown below
Sample
Saturates
Irritation
API
content (%)
index
report no.
API 78-4
67.8
3.83
27-32068
API 78-2
73.4
3.37
27-32771
API 78-3
79.2
3.98
27-32773
(70) (71) (72)

EYE IRRITATION

Species
Concentration
Dose
Number of animals
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:

Rabbit
Undiluted
0.1 ml
9
Draize Test
1985
Yes
API 83-08, predominantly aromatic, see section 1.1.1.

Method

:

Result

:

0.1 ml of undiluted test material was applied to the corneal surface of one
eye of each of 9 rabbits, the other eye was untreated and served as
control. After 30 seconds the treated eyes of 3 rabbits were washed with
lukewarm water for 1 minute. Eyes of the other 6 rabbits were not washed.
Readings of ocular lesions for all animals were made at 1, 24, 48, 72 hours
and 7 days after treatment. Sodium fluorescein was used to aid in
revealing possible corneal injury.
There was no pain response from any animal following instillation of the
test material onto the cornea. No corneal irritation was seen during the
study. However, a white fibrin filament was seen in the anterior chamber in
one animal (unwashed eye group) at 48 and 72 hours.

Reliability

:

Primary eye irritation scores recorded in this study are as follows:
1 Hr. 24 Hrs 48 Hrs. 72 Hrs. 7 days
Unwashed eyes
4.3
3.2
2.2
1.2
0.0
Washed eyes
4.7
0.0
0.0
0.0
0.0
(1) valid without restriction
(18)

Species

:

Rabbit
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Test substance

:

Gas oils various, see section 1.1.1.

Result

:

Five eye irritation studies have been reported for gas oil samples, including
sample API 83-08. The irritation scores at 24 hours (including those for
API 83-08) are tabulated below.
The predominantly aromatic materials appear to be slightly more irritating
than the predominantly saturate gas oils.
Sample

CAS No.

Eye
Irritation
Index
rinsed Unrinsed
eye
eye

Reference

Predominantly aromatic
API 83-07
64741-59-9
API 83-08
64741-59-9

2.0
0.0

1.7
3.2

API 33-30162
API 32-32859

Predominantly saturates
API 81-10**
64742-80-9
API 83-11
64742-44-2
API 81-09*
64742-80-9

0
0.0
0

1.0
1.0
2.0

API 30-32348
API 32-32857
API 30-32347

*

1 hour after instillation of test material, the average eye irritation
scores were 2.7 and 0.7 for the unrinsed and rinsed eyes
respectively

**

1 hour after instillation of the test material, the average irritation
index was 2.7 for both the rinsed and unrinsed eyes

***

average eye irritation index for 48 hour readings were 2.0 and 0.67
for unrinsed and rinsed eyes respectively

****

At 48 hours the average eye irritation index was 0 for both rinsed
and unrinsed eyes

*****

At 48 hours the average eye irritation index was 0 and 0.33 for
rinsed and unrinsed eyes respectively
(1) valid without restriction
(2) (4) (5) (19)

Reliability

:

Species
Concentration
Dose
Exposure time
Comment
Number of animals
Vehicle
Result
Classification
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:
:
:
:

rabbit
undiluted
.1 ml

Method

:

Four male and 5 female rabbits were used in this study.
0.1 ml of undiluted test material was placed on the everted
lower eyelid of the right eye of each rabbit. The left eyes
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Result

:

Reliability

:

were not treated and served as controls.
30 seconds after application, the eyes of 3 rabbits (2
females, one male) were flushed for one minute with warm
distilled water.
Scoring for ocular lesions was done at 24, 48 and 72 hours
after treatment using the Draize scale.
Fluorescein was used to aid evaluation at the 24 hour
reading.
All rabbits scored zero at every observation period.
Those rabbits that had their eyes rinsed appeared no
different to the unrinsed group.
(2) valid with restrictions
Although the study was conducted before Good Laboratory
Practices were published, the study appears to have been
conducted using appropriate methods and to have been fully
reported.

29.07.2003

(73)

Species
Concentration
Dose
Exposure time
Comment
Number of animals
Vehicle
Result
Classification
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:
:
:
:

rabbit

RemarkRELIABILITY

:

Result

:

Although the studies were conducted before Good Laboratory
Practices were published, they appear to have been conducted
using appropriate methods and to have been fully reported.
API reported eye irritation studies on three samples of home
heating oil prepared from blends of straight run and cracked
stocks.
The primary irritation indices are shown below
Sample

Saturates
content (%)

API 78-4
API 78-2
API 78-3

67.8
73.4
79.2

Eye
API
Irritation
Report No.
Index
rinsed Unrinsed
eye
eye
0
0
27-32068
0.7
0.7
27-32771
0
1.33
27-32773

13.10.2004
5.3

(70) (71) (72)

SENSITIZATION

Type
Species
Concentration

:
:
:

Buehler Test
Guinea pig
st
1 : Induction undiluted occlusive epicutaneous
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nd

Number of animals
Result
Year
GLP
Test substance

:
:
:
:
:

Method

:

2 : Challenge 10 % occlusive epicutaneous
76
not sensitizing
1985
Yes
API 83-08, predominantly aromatic, see section 1.1.1.
0.4 ml undiluted test material was applied under an occlusive dressing to
the shaved skin of 10 male and 10 female animals. Six hours after
application the dressing was removed and the skin wiped to remove
residues of test material. The animals received one application each week
for 3 weeks. The same application site was used each time. Two weeks
following the third application a challenge dose (0.4 ml of a 10% solution in
paraffin oil) was applied in the same manner as the sensitizing doses. A
previously untreated site was used for the challenge application.
The application sites for sensitizing and challenge doses were read for
erythema and edema 24 and 48 hours after patch removal. To assist in the
reading of the response to the final challenge dose the test site was
depilated 3 hours prior to reading by using a commercially available
depilatory cream.
Positive control, vehicle control and naive control groups were included in
this study.
Concentrations of positive control were as follows:

Result

:

Sensitizing doses:
0.4 ml of 0.3% w/v in 80% aqueous ethanol
Challenge dose:
0.4 ml of 0.1% w/v suspension in acetone
A mixture of clinical signs were observed during the study but these were
not confined to any single test group and were not related to the test
material. The signs included soft stools/diarrhea, hypothermia, red ocular
discharge and body weight loss. A total of 3 animals died.
Skin reactions following the challenge application were as follows:
Test group:
Naive control:
Vehicle control:
Positive control:

Very slight erythema in 3/9 animals
Very slight erythema in 3/9 animals
Very slight erythema in 1/9 animals
Very slight to severe irritation 20/20 animals. The
reaction of 19 exceeded the highest reaction
observed in the naive positive control group
Naive positive control: Very slight erythema in 5/20 animals
(1) valid without restriction
(18)

Reliability

:

Type
Species
GLP
Test substance

:
:
:
:

Buehler Test
Guinea pig
Yes
Gas oils various, see section 1.1.1.

Result

:

In addition to the test described above on sample API 83-08, four other
samples of gas oil were tested and found to be non-sensitizing.
References to all the appropriate studies are as follows:
Sample
CAS No.
Predominantly aromatic
API 83-07
64741-59-9
API 83-08
64741-59-9
Page 139 of 363

Reference
API 33-30162
API 32-32859

Id Gas Oils

5. Toxicity

Date October 23, 2012

Predominantly saturates
API 81-10
64742-80-9
API 83-11
64742-44-2
API 81-09
64742-80-9
Reliability

:

API 31-31414
API 32-32857
API 31-31352

(1) valid without restriction
(3) (10) (11) (18) (19)

Type
Species
Concentration

:
:
:

Number of animals
Vehicle
Result
Classification
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:

Method

:

Patch-Test
guinea pig
st
1 : Induction undiluted occlusive epicutaneous
nd
2 : Challenge undiluted occlusive epicutaneous
rd
3 :
10
not sensitizing
other
1980
no data
other TS: Diesel fuel, sample API 79-6 (See section 1.1.1.)
0.5 ml of undiluted test material was applied to a one inch
square gauze patch which was then placed on the shorn,
depilated skin of 10 male guinea pigs. The applied material
was covered with an occlusive dressing which was left in
place for 6 hours. This procedure was repeated at the same
test site, three times a week for 3 weeks. After the tenth
application, the animals were allowed to rest for two weeks
without any treatment. After the two weeks rest period 0.5
ml of the test material was applied to the shorn skin of
each animal, but on this occasion to a virgin site on the
animal's other side.
This procedure was also followed with a group of 10 positive
control animals in which chlorodinitrobenzene (0.05% in
ethanol) was applied.

Result

:

24 hours after each application of test or control material
the treated site was evaluated and scored for erythema and
edema using the Draize scale.
The average scores for erythema and edema during the
induction phase and after challenge are tabulated below.
Test material
Induction
Erythema
1.3
Edema
0.3
Challenge
Erythema
Edema

Reliability

:

1.3
0.3

Positive control
1.3
0.3

1.9
0.7

The authors concluded that the test material was not
sensitizing since the differences between induction and
challenge scores were not statistically significant.
(2) valid with restrictions
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The response to the positive control challenge was not
remarkable. It is doubtful therefore, that the assay used is
sufficiently sensitive.
Although the study was conducted before Good Laboratory
Practices were published, the study appears to have been
conducted using appropriate methods and to have been fully
reported.
03.11.2003
5.4

(73)

REPEATED DOSE TOXICITY

Remark

:

Six 28-day dermal studies and two 90-day dermal studies have been
reported for gas oils. Whereas one of the 28 day studies involved daily
application of test material five days each week, the other 28 day studies
involved application three times weekly.
Full robust summaries are given for both of the 90-day studies.
A full robust summary is given for the 28 day study in which test material
was applied daily, five times per week.
A full robust summary is also given for a 28 day study in which test material
was applied three times weekly.
A summary table of the results of all the studies involving thrice weekly
application of test material is also provided in this section.

Species
Sex
Strain
Route of admin.
Exposure period
Frequency of treatm.
Doses
Control group
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:
:

Rabbit
Male/female
New Zealand white
Dermal
6 Hours
Once a day, three times weekly for 4 weeks
250, 500 & 1000 mg/kg
Yes, concurrent no treatment
1985
Yes
API 83-07 (predominantly aromatic) see section 1.1.1.

Method

:

Approximately 24 hours before administration of the test material, the
dorsal skin was clipped free of hair. The exposure site was subsequently
reclipped as necessary throughout the study. Immediately prior to the first
application of test material, the skin was examined and scored for irritation
using the standard Draize scoring procedure for erythema and edema.
Undiluted test material was applied to the skin of 5 male and 5 female
rabbits at dose levels of 250, 500 and 1000 mg/kg. The males weighed
between 2.7 and 3.2 kg and the females weighed between 2.6 and 3.3 kg
at the start of the study. The treated site was covered with gauze and an
occlusive dressing and these remained in place for a 6 hours exposure
period. At the end of the exposure, the dressings were removed and any
residual test material was removed by wiping with a dry gauze pad. Dosing
was carried out 3 times weekly for 4 weeks i.e. until 12 doses had been
applied. A group of 5 male and 5 female animals served as sham controls.
Checks were made twice daily for mortality, moribundity and for signs of
pharmacologic and toxic effects. Body weights were recorded immediately
before the first dose was applied and weekly thereafter. Before each
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application of test material the skin was examined and scored for erythema
and edema as before. Animals that died during the study were subjected
to a complete gross necropsy. At the end of the dosing period surviving
animals were sacrificed and a complete gross necropsy was performed.
At termination, blood samples were taken from every animal and
determinations were made of: RBC count, WBC count, differential WBC
count, hemoglobin concentration, hematocrit, glucose, blood urea nitrogen,
alkaline phosphatase, SGOT, SGPT and total protein.
The heart, liver, spleen, kidneys, adrenals, thyroid (with parathyroids),
pituitary, testis, ovary and brain were removed and weighed. The following
tissues/organs were fixed for subsequent histopathological examination:
Heart
Sacculus rotundus
Urinary bladder
Lungs
Colon
Adipose tissue
Bronchi
Thymus
Mammary gland
Trachea
Spleen
Brain (cerebrum,
Thyroid
Liver
cerebellum, pons)
Parathyroids Pancreas
Pituitary
Cervical lymph
nodes
Kidneys
Spinal cord
Salivary gland Adrenals
Skeletal muscle
Tongue
Vagina
Sciatic nerve
Esophagus
Seminal vesicles
Skin (treated and untreated)
Stomach
Testes/ovaries
Bone
Duodenum
Epididymides
Bone marrow
Jejunum
Prostate/uterus
Eyes
Ileum
Mesenteric lymph
Gross lesions
nodes

Result

:

Statistical analyses:
Body weight, clinical chemistry and absolute and relative organ weight data
were compared to control group data of the same sex using a two-tailed
Student's t-test at the 5% probability level.
A high dose and a low dose male died during the study and a low dose
female was sacrificed in extremis. None of these deaths were considered
to be treatment-related. There were no treatment-related clinical signs
during the study. The animals weighed approximately 3 kg at the start of
the study and mean weight gains (kg) over the course of the study are
shown below:
Mean weight gain (kg)
Dose level
Males Females
Control
0.4
0.2
250 mg/kg
0.2
0.5
500 mg/kg
0.1
0.1
1000 mg/kg
0.1
0.0
Although treatment seemed to have a slight effect on weight gain, the
report concluded that such differences (0.1 or 0.2 kg) are quite common in
rabbits of the age used in the study and that no definitive conclusions could
be drawn.
Treatment caused skin irritation to varying degrees depending on dose
level. A mean irritation score (mean of the sum of all irritation scores) was
calculated for each group and the results are tabulated below.
Group/sex
Control (M)

Mean irritation Classification
Score
0.0
Non irritant
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Control (F)
250 mg/kg (M)
250 mg/kg (F)
500 mg/kg (M)
500 mg/kg (F)
1000 mg/kg (M)
1000 mg/kg (F)

Reliability

:

0.0
2.3
2.1
3.8
4.8
5.5
5.3

Non irritant
Moderate irritant
Moderate irritant
Moderate irritant
Moderate irritant
Severe irritant
Severe irritant

There were no treatment-related effects on either the hematological or
clinical chemical determinations. Minor differences found were incidental
and not dose-related. There was a reduction in left ovarian weight of the
high dose females (0.129 compared to 0.193 g), but in the absence of any
corresponding histopathological data was deemed to be within normal
biological variation. No other treatment-related effects on absolute or
relative organ weights were found.
The only treatment-related findings at gross pathology were those at the
treated skin site. There were no other gross findings that were considered
to be related to exposure to test material. The treated skin was described
as dry, reddened, flaky, cracked, fissured and/or leathery and thickening of
the dermis was also frequently noted. These changes were only seen in
the exposed groups and not in the controls.
Microscopic examination found moderate to severe proliferative and
moderate to severe inflammatory changes present in the skin of all animals
in the high dose group (except in the animal that died early). Concurrently
with these changes there was an increased granulopoiesis of the bone
marrow. This was attributed to stress of the animals due to the severe skin
irritation.
Two male rabbits in the high dose group had multifocal areas of hypoplasia
of some of the seminiferous tubules. These testicular changes were
considered to be secondary to the skin changes and not a direct effect of
the test material.
(1) valid without restriction
(14)
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Species
Strain
Route of admin.
Exposure period

:
:
:
:

Rabbit
New Zealand white
Dermal
Up to 4 weeks

Result

:

The following table summarizes the results of all five 28-day studies dermal
studies in rabbits.
Sample
Dose* Skin
API No.
Irr'n**
Predominantly aromatics
83-07
250
mod.
500
mod.
1000 sev.

Growth rate/mortality API report

2/10 died
no effect
1/10 died

32-32751

83-08

2/10 died
weight loss
2/10 died, weight loss

32-32753

200
1000
2000

mod.
sev.
sev.

Predominantly saturates
83-11
200
sl.
1000 mod.
2000 mod.

81-09

81-10

*
**

no effect
no effect
32-32747
weight loss in females

200
1000
2000

sl.
no effect
mod. no effect
mod. no effect
to sev.

200
1000
2000

sl.
mod.
sev.

no effect
no effect
6/10 died

30-32298

30-32296

Dose given in mg/kg/day
sl = slight
mod = moderate
sev = severe
(6) (7) (13) (14) (15)

Species
Sex
Strain
Route of admin.
Exposure period
Frequency of treatm.
Doses
Control group
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:
:

Rat
Male/female
Sprague-Dawley
Dermal
28 days
Once daily, five days each week for 4 weeks
0.05, 0.25 & 1.0 ml/kg/day
Yes
1992
Yes
Gas oil sample F-188 (predominantly saturate)
Sample F-188 is a gas oil containing
86% saturates
14% aromatics

Method

:

Three groups of ten male and ten female young adult Sprague-Dawley rats
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were administered test material to the shorn dorsal skin once daily, five
days per week for four weeks at doses of 0.05, 0.25 or 1 ml/kg/day. The
applied material was covered with an occlusive patch for six hours. A
further group of ten male and ten females served as sham-treated controls.
The animals were observed twice daily for clinical signs of toxicity. Dermal
irritation at the application site was assessed daily prior to the next
application of test material. An assessment of dermal irritation was also
made 24 hours after the final application, just prior to necropsy.
Body weights were recorded three times weekly and just prior to necropsy.
At necropsy, a blood sample was taken for the following hematological and
clinical chemical determinations:
Hematology
Erythrocyte count
Total leucocyte count
Differental leucocyte count
Hemoglobin
Hematocrit
Platelet count
Mean corpuscular volume (MCV)
Clinical chemistry
Sodium
Glucose
Potassium
Blood urea nitrogen
Alkaline phosphatase SGOT
SGPT
Chloride
Calcium
Phosphorus
Total protein
Creatinine
Cholesterol
Triglyceride
Albumin
Globulin (calculated)
A/G ratio (calculated)
The following organs were weighed:
Liver
Kidneys (2)
Testes (2)/Ovaries (2)
Brain
Adrenal glands (2)
The following tissues were taken, were fixed and prepared for microscopic
examination.
Accessory genital organs
prostate
seminal vesicles
epididymis
Adrenal glands (2)
Aorta
Brain
cerebrum
cerebellum
pons
Cecum

Lungs with trachea
Mammary glands
Pancreas
Peripheral nerve
Pituitary
Rectum
Salivary gland
Skeletal muscle (thigh)
Skin
(treated and untreated)
Spinal cord (cervical, mid thoracic &
lumbar)
Cervical lymph nodes Colon
Duodenum
Esophagus
Spleen
Eyes (2)
Sternum with bone marrow Femur with articular surface
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Stomach
Testes/ovaries (2)
Thyroid gland with
parathyroids
Thymus
Urinary bladder
Uterus

Result

:

Gross lesions and masses
Heart
Ileum
Jejunum
Kidneys (2)
Liver
Vagina

Histopathology was done on the sham treated control group and the high
dose group animals only.
There were no mortalities during the study and there were no dose-related
clinical observations except for the occurrence of skin irritation in all
treatment groups.
Body weights were unaffected by exposure to the test material. No dermal
irritation was observed in the sham-treated controls. Very slight dermal
irritation was noted in both males and females in the lowest dose group
(0.05 ml/kg/day). This consisted of slightly dried skin, very slight erythema
and slight eschar.
In the 0.25 ml/kg/day group, irritation was slightly more and consisted of:
very slight to slight (primarily very slight) erythema, slight to extreme
(primarily slight to moderate) eschar and slight to moderate dried skin.
Slight edema was seen in one female with slight ulceration noted in two
females.
Moderate dermal irritation was seen in both males and females in the
highest dose group (1 ml/kg/day). This consisted of very slight to severe
erythema, slight to extreme eschar, slight to extreme dried skin, slight to
extreme ulceration and very slight to slight edema.
At gross necropsy, the only treatment-related finding was skin irritation.
There were no treatment-related hematological findings.
Although differences were found in the globulin concentration and the A/G
ratio they were not considered to be significant since they were not
associated with any other findings and also fell within the range of normal
values for Sprague-Dawley rats of the same age.
Organ weights, organ weight/body weight ratios and organ/brain weight
ratios were unaffected by exposure to the test material.
The only tissues examined histologically were those from the controls and
high dose group animals.
Apart from findings in the skin, there were no other treatment-related
findings. The skin findings consisted of acanthosis, epidermal crusting,
erosion, fibrosis, hyperkeratosis and ulceration. The incidence and severity
of the lesions was greater in the high dose group than in the control group.

Reliability

:

Species
Sex
Strain
Route of admin.
Exposure period
Frequency of treatm.
Doses
Control group

:
:
:
:
:
:
:
:

It was concluded that the NOAEL with respect to skin irritation was less
than 0.05 ml/kg/day and the NOAEL for systemic toxicity was 1 ml/kg/day.
(1) valid without restriction
(60)
Rat
Male/female
Sprague-Dawley
Dermal
13 Weeks
5 Days each week for 13 weeks
8, 25, 125, 500 & 1250 mg/kg
Yes
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Year
GLP
Test substance

:
:
:

1985
Yes
Mobil Light Cycle Oil (LCO) (predominantly aromatic) See section 1.1.1.

Method

:

Result

:

Light Cycle Oil (MEHSL Sample No. 8281), was applied to the clipped
backs of groups of 10 male and 10 female Sprague-Dawley rats (males
approx 230g and females approx 180 g at start of study). Application was
5 days/week for 13 weeks at doses of 8, 25, 125, or 500 mg/kg/day, and to
an additional group of 10 males and 10 females for 2 weeks at a dose level
of 1250 mg/kg/day. Males weighed approximately 240 g and females
weighed approximately 180 g at the beginning of the study. The rats were
fitted with cardboard Elizabethan collars to minimize ingestion of the test
article which was applied to the skin undiluted and not covered with any
dressing. A similar group of 10 male and 10 female Sprague-Dawley rats
served as controls. They were treated the same as the test animals,
except that no material was applied to their skin. Assessment for toxic
response included daily clinical observations and weekly body weight
measurements. After 13 weeks the rats were killed and were carefully
examined for grossly visible changes. Selected organs were weighed.
Histopathological evaluation was limited to the small intestine, gonads,
liver, kidneys, treated skin, spleen, stomach, thymus and urinary bladder
for the control animals and those given 500 mg/kg test material per day.
Blood samples were taken at 4 and 13 weeks for hematologic and serum
chemical analyses.
The statistical methods that were used were not specified in the report.
Administration of test material at 500 and 1250 mg/kg/day resulted in
systemic toxicity. At the high dose males and females gained less weight
than controls whereas at 500 mg/kg/day only the males were affected. The
animals in the high dose group looked so poorly that they were killed at the
end of the second week of treatment. The females at 500 mg/kg/day and
the males at 125 mg/kg/day had slightly lower body weights than the
respective controls but the invetigators were not clear as to whether this
was a compound-related effect.
LCO also caused marked, persistent effects at the site of application;
severe erythema and edema with visibly thick, stiffened skin were
observed. Microscopic examination of the skin from the 500 mg/kg/day
group revealed moderate chronic inflammatory changes of the skin and
hair follicles.
The thymus was the most affected organ. In the 500 mg/kg/day group,
thymus size (visually judged) and weight for both males and females was
smaller than controls. Males were more affected than females. At the 125
mg/kg/day dose level only, males had slightly reduced thymus weights.
The investigators judged these thymus weight differences to be attributable
to a depletion of lymphocytes within the thymus.
The livers of the male and female 500 mg/kg/day groups were slightly
larger than controls. Also the males at this dose level had more fat in the
liver cells than the controls.

Reliability

:

The investigators concluded that the effects on body and thymus weights
followed a dose-response pattern. They judged the NOAEL for males and
females to be 25 and 125 mg/kg/day respectively.
(4) not assignable
The report did not contain tables of actual data. Comments in the results
section in this robust summary are taken directly from the text of the report.
The hematological and clinical chemical parameters that were measured
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are not specified in the report. Since raw data are not presented in the
publication, it is not possible to assign a reliability to this study. However, it
does provide sufficient information for a conclusion to be made on the
repeat-dose toxicity of the test material.
(56)
Species
Sex
Strain
Route of admin.
Exposure period
Frequency of treatm.
Post exposure period
Doses
Control group
NOAEL
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:
:
:
:

Rat
Male/female
Sprague-Dawley
Dermal
13 weeks
Once a day, 5 days each week for 13 weeks

Method

:

Test material was applied to the shorn skin of groups of 10 male and 10
female rats (approximately 40 days old) at dose levels of 30, 125, 500 and
2000 mg/kg. A group of 10 rats of each sex served as controls.
The test material was applied each day, 5 days each week for 13 weeks
except for the 500 and 2000 mg/kg groups that were sacrificed in weeks 9
and 2 respectively. All rats were fitted with Elizabethan collars to prevent
ingestion of test material. The collars were removed at the end of each
week and any residual test material removed from the skin by wiping.
Collars were replaced on Mondays before commencement of dosing for the
next week.
Body weights were recorded before application of the first dose of test
material and weekly thereafter. There were daily observations for clinical
signs of toxicity and an assessment and scoring of the treated skin site was
made once each week according to the standard Draize scale. Urine
samples were collected during weeks 5 and 13 for
urinalysis (pH, specific gravity, bilirubin, urobilinogen, blood, protein,
glucose and ketone). Blood samples were taken at the end of the study for
the determination of the following clinical chemical and hematological
parameters.
Hematology
Red cell count
Hemoglobin
Hematocrit
White cell count
Platelet count

30, 125, 500 & 2000 mg/kg
Yes
< 30 mg/kg
1991
No data
Coker light gas oil (Predominantly saturate): See section 1.1.1.

Clinical chemistry
Sorbitol dehydrogenase
Alanine aminotransferase
Aspartate aminotransferase
Alkaline phosphatase
Bilirubin
Inorganic phosphorus
Glucose
Sodium
Chloride

Cholesterol
Urea nitrogen
Total protein
albumin (A)
Triglycerides
Creatinine
Uric acid
Potassium
Calcium

Globulin(G) and A/G ratios were calculated
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All animals surviving to the end of the study were sacrificed and
necropsied. The following organs were weighed:
Adrenals
Heart
Spleen
Brain
Kidneys
Thymus
Liver
Ovaries
Uterus
Prostate
Epididymides Testes
The following tissues/organs were removed from control group and high
dose group animals and were fixed for subsequent histopathological
examination.
Adrenals (both)
Bone and marrow (sternum)
Brain (3 sections)
Eye (left & optic nerve)
Heart
Colon
Duodenum
Kidneys (both)
Liver (2 lobes)
Lung (left lobe)
Skeletal muscle (thigh)
Peripheral nerve (sciatic)

Ovaries (both)
Pancreas (head)
Salivary gland
(submaxillary)
Skin (treated 2 sections)
Spleen
Stomach (squamous &
glandular)
Thymus (both lobes)
Thyroid (both lobes)
Urinary bladder
Uterus (body & horns)
Gross lesions

In addition the following tissues/organs were removed, fixed and examined
microscopically from the mid and low dose animals:
Adrenals
Sternum (bone and marrow)
Kidneys (both) Liver (2 lobes)
Lung
Skin ( 2 sections plus any gross lesions)
Thymus
Gross lesions.
At the end of the study the epididymides and testes from the male rats in
the control and 125 mg/kg groups were removed. Prior to sample
preparation for testis examination, the tunica albuginea and corresponding
blood vessels were removed and discarded before the remaining testicular
parenchyma and cauda epididymis were weighed. Testes were prepared
for spermatid count and epididymides were prepared for spermatozoa
count and a morphological assessment was made of testes and
epididymides.

Result

:

Statistical analysis
Body weight, serum chemistry, hematology and organ weight data were
analyzed by parametric methods: analysis of variance and associated Ftest, followed by Tukey's multiple comparison test (body weight,
hematology and organ weight data) or Student-Newman-Keuls multiple
comparison test (serum chemistry), provided that there was statistical
significance in the analysis of variance.
Differences between control and treated groups were considered
statistically significant only if the probability of the differences being due to
chance was less than 5% (P<0.05).
The animals in the 2000 and 500 mg/kg groups were sacrificed during
weeks 2 and 9 respectively due to severe skin irritation and moribund
condition.
Skin irritation, generally severe, was seen in all treated animals. Apart
from the observation of perineal staining, which was seen in all groups,
there were no remarkable clinical findings during the study.
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During the weeks they were on the study, body weights of the 2000 and
500 mg/kg groups for both sexes was significantly less than controls. Body
weights of males in the 125 mg/kg group were less than controls from day
36 onwards and although there were three occasions on which the male
body weights in the 125 mg/kg group were also reduced there were no
other effects on growth rates.
Results of urinalysis were in general unaffected by exposure to the test
material.
Statistically significant differences between treated and control clinical
chemical analyses at 13 weeks are summarized below. Only the results at
13 weeks are shown, the 5 week results are NOT included.
Parameter

% change compared to control

30 mg/kg
Male Female
Uric acid
Glucose
-12% Urea Nitrogen AST
-33% ALT
Alk. Phos.
+30%
Creatinine
Cholesterol
Triglycerides Total protein Bilirubin
Albumin
Cacium
-5%
Phosphorus Sodium
Potassium
Chloride
A/G ratio
Globulin
SDH
+40%

125 mg/kg
Male Female
-17% -20%
+21.6%
-31% +35%
-6%
-2%
-30%

At 13 weeks the hematological parameters affected were:
*
an increase in WBCs and the number of segmented
neutrophils in the high dose males and females
*
an increase in lymphocytes in the 125 mg/kg group of both
sexes and the 30 mg/kg group females.
No effects were found in any of the sperm evaluations that were made.
The only effect noted in the absolute and relative organ weight data of the
30 mg/kg group was a reduction of approximately 10% in the absolute
thymus weight in males.
In the 125 mg/kg group there were more differences noted in organ weights
and these are tabulated below as percentage change. The authors judged
that the decreases in organ weights were probably due to the reduced
body weights of the animals. However, they also judged that the effect was
probably compound related for those organs for which there were
differences in organ/body weight ratio.
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A = Absolute weight, R= Organ/body weight ratio
Organ
Male
Female
Adrenals (A)
(R)
+29%
Brain (A)
(R)
+11%
Epididymides (A)
(R)
+11%
Heart (A)
(R)
+6%
Kidneys (A)
(R)
+8%
+8%
Liver (A)
(R)
+13%
+22%
Prostate (A)
(R)
+17%
Spleen (A)
(R)
+19%
+19%
Testes (A)
(R)
+11%
Thymus (A)
-34%
-23%
(R)
-25%
Uterus (A)
(R)
Ovaries (A)
(R)
The primary treatment-related changes observed at histopathological
examination were severe skin irritation and slight effects on bone marrow
and kidneys.
The bone marrow effects included:
*
at 2000 mg/kg a severe reduction in erythropoietic cells
and megakaryocytes
*
at 2000, 500 and 125 mg/kg megakaryocyte changes
characterized by larger, vacuolated, and/or darkened nuclei
or clumped cell effects
The kidney effects included:
*
Basophilia in the tubular cortex, predominantly in males.
Focal inflammation, dilation of ducts in the medulla and
tubules in the cortex.

Reliability

:

Type
Species
Sex
Strain
Route of admin.
Exposure period
Frequency of treatm.
Doses

:
:
:
:
:
:
:
:

Changes were also seen in the adrenals, liver, lungs, draining lymph
nodes, prostate, seminal vesicles, spleen, thymus and uterus. However,
these changes were considered to be secondary effects probably due to
reduced weight gain, treatment-related skin injury, slight septicemia and
stress.
(1) valid without restriction
(59)
Sub-chronic
Rat
Male/female
Sprague-Dawley
Inhalation
6 hours
Daily, five days each week for four consecutive weeks
Nominal 25 mg/m³
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Control group
Year
GLP
Test substance

:
:
:
:

Yes
1986
Yes
API 81-09 & API 81-10 [predominantly saturates]

Method

:

Groups of 20 male and 20 female Sprague Dawley rats (aged
approximately six weeks) were exposed to a nominal concentrations of
25mg/m³ of each of two samples of hydrodesulfurized middle distillate by
inhalation. Exposures were for approximately six hours each day, five days
each week for four consecutive weeks. Control groups of 20 male and 20
females were exposed to filtered air.
Animals were observed twice daily for overt signs of toxicity and they
underwent detailed examination once weekly. Body weights were also
recorded weekly.
At study termination, the animals were killed and blood samples were taken
for the following clinical chemical and hematological investigations:
Hematology
Hematocrit
Hemoglobin
Erythrocyte count
MCH
MCV
MCHC
Leucocyte count
Platelet count
Reticulocyte count

Clinical chemistry
Aspartatae aminotransferase
Alanine aminotransferase
Alkaline phosphatase
Glucose
Urea nitrogen
Total protein

For all rats, the following organs were weighed and the organ body weight
ratios were calculated :
Heart, lung and trachea, liver, kidneys, brain, spleen, adrenals,
thyroid/parathyroid, pituitary, testes and ovaries.
The following tissues were removed and preserved:
Adrenals (2)
Aorta
Bone marrow (femur) Bone marrow smear
Brain (3 levels)
Eye with contiguous Harderian gland
Esophagus
Stomach
Duodenum
Jejunum
Ileum
Cecum
Colon
Rectum
Gonads
Ovary (2)
Kidney (2)
Testis with epidiymis (2)
Heart
Liver (3 sections)
Nasal tissues
Lung & trachea (all lobes)
Abdominal lymph nodes Thoracic lymph nodes
Mammary region lymph nodes
Pancreas
Pituitary
Sciatic nerve
Prostate & seminal vesicle
Skeletal muscle (thigh) Skin
Salivary gland (mandibular with submandibular lymph node)
Spinal cord (cervical, mid thoracic & lumbar)
Spleen
Thymic region
Thyroid/parathyroid complex
Urinay bladdewr
Uterus (2 horns & cervix)
Vagina
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On all rats the following tissues were examined microscopically:
Adrenal (2), brain (3 levels: fore, mid & hind), bronchi, esophagus, eye (2),
heart, kidney (2), liver, lungs (2), lymph ode (mediastinal), ovary (2),
pancreas, pituitary, prostate, salivary gland, skin, spleen, stomach, testis
(2), thymus, thyroid/parathyroid, trachea, urinary bladder, uterus, all gross
lesions.

Result

:

Statistical analysis
Body weight, hematology, clinical chemistry and organ weight data were
analyzed by analysis of variance and Bartlett's test.
Treatment groups were compared to control by sex, using the appropriate
t-statistic.
Data containing inequalities or where group variances were heterogenous
were compared using a non parametric approach, by transforming the data
into ranks prior to analysis as described by Conover and Iman.
There were no treatment-related clinical observations during exposure, nor
were there any effects on body weight.
Although there were some minor clinical chemical differences, these were
considered to be unrelated to treatment.
The only noteworthy effect was an increase in leukocyte counts in males
and females (29 % & 31 % respectively) exposed to sample API 81-10.
There were no macroscopic observations at necropsy.
Although there were some organ weight/relative organ weight differences,
they were not considered relevant in the absence of any related
microscopic pathology.
Microscopic tissue changes were confined to the nasal tissues of males
and females exposed to API 81-09.
The changes consisted of subacute inflammation (Rhinitis) of the
respiratory mucosa. The incidence and severity are shown in the following
table.

No. examined
Inflammation
trace
mild

Male
Control
20

Female
81-09 Control
81-09
20
20
20

0
0

7
10

0
0

3
12

No other treatment-related changes were observed in any treatment group.
Test condition

:

Atmospheres were generated by atomizing the test material into an
atomization chamber. The resulting vapors/aerosols were directed to the
chamber inlet where dilution with chamber ventilation air reduced the
concentration to the desired level.
Nominal concentrations were calculated from test material use rates.
Actual concentrations were determined by standard gravimetric techniques.
Aerosol particle size was also determined.
The nominal and actual concentrations for the study were:
Exposure concentration (mg/m³)
Sample
Desired
Nominal
Actual
conc.
Mean SD
Mean SD
mg/m³
API 81-09
25
127
16.8
23
4.41
API 81-10
25
160
68.1
24
9.73
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Particle size determinations showed the following:
Week EAD* (mcm) GSD**
API 81-09
1
3.6
2.03
3
3.5
2.19
API 81-10
1
3.2
2.10
3
3.3
2.11

Reliability

:

*
EAD = Equivalent Aerodynamic Diameter
**
GSD = Geometric standard deviation
(1) valid without restriction
(39)

Type
Species
Sex
Strain
Route of admin.
Exposure period
Frequency of treatm.
Post exposure period
Doses
Control group
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:
:
:
:
:

Method

:

rat
male/female
Sprague-Dawley
dermal
Four weeks
Daily, five days per week for four weeks
0.5, 2 & 5 ml/kg/day
yes
1986
yes
other TS: Diesel fuel No. 2
Three groups of ten male and ten female young adult
Sprague-Dawley rats were administered test material to the
shorn dorsal skin once daily, five days per week for four
weeks at doses of 0.5, 2 or 5 ml/kg/day.
The applied material was covered with an occlusive patch for
six hours.
A further group of ten male and ten females served as
sham-treated controls.
The animals were observed twice daily for clinical signs of
toxicity. Dermal irritation at the application site was
assessed daily prior to the next aplication of test
material. An assessment of dermal irritation was also made
24 hours after the final application, just prior to
necropsy.
Body weights were recorded three times weekly and just prior
to necropsy.
At necropsy, a blood sample was taken for the following
hematological and clinical chemical determinations:
Hematology
Clinical chemistry
Erythrocyte count
Glucose
Total leukocyte count
Blood urea nitrogen
Differental leukocyte count
Alkaline phosphatase
Hemoglobin
SGOT
Hematocrit
SGPT
Total protein
The following organs were weighed:
Liver
Kidneys (both)
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Testes (both)/Ovaries (both)
Brain
Spleen
The following tissues were taken, were fixed and prepared
for microscopic examination.
Spleen
Liver
Kidneys (both)
testes/ovaries
Brain (cerebrum, cerebellum, pons)
Skin (treated and untreated)
Bone marrow (smear)
Gross lesions.
The following tissues were removed and preserved but were
not examined.
Salivary glands
Thyroid glands
Thymus
Adrenal glands
Trachea
Stomach
Esophagus
Duodenum
Cervical lymph node Jejunum
Heart
Ileum
Colon
Lungs
Histopathology was done on the sham treated control group
and the high dose group animals only.

Result

:

Statistical methods
Body weights, clinical chemistry, terminal body weights,
absolute and relative organ weights were examined using
Dunnet's t-test at the 5% probability level.
There were no mortalities or any other treatment-related
clinical signs of toxicity during the study with the
exception of an effect on body weights and the occurrence of
skin irritation.
After the second week of the study, the body weights of the
mid and high dose males were less than those of the controls
and this difference persisted throughout the study. At the
end of the study the weight gains of the mid and high dose
males were 43 and 13% respectively of those of the controls.
Skin irritation occurred at all dose levels as follows:
Low dose (0.5 ml/kg/day)
Moderate erythema with slight edema which tended to be
progressive over the first two weeks. The irritation
plateaud after the second week. After the weekends, when
there was no dosing, the skin showed some recovery. Eschar
and fissuring peaked during the second week and declined in
intensity over the last two weeks of the study.
Mid dose (2 ml/kg/day)
Severe irritation which was progressive during the first
week. The level of irritation plateaud during the second
week and remained constant thereafter. Eschar and fissuring
were evident during the first week and became progressively
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worse with time. There was evidence of recovery during the
fourth week.
High dose (5 ml/kg/day)
Severe irritation which progressively worsened during the
first week but plateaud during the second week. The lesions
included moderate erythema, mild edema including ulceration,
eschar and fissuring. There was some evidence of recovery
during the last week of the study in that the degree of
irritation appeared to diminish in intensity.
There were some differences in organ/body weight ratios
recorded but these were not considered to be a direct effect
of treatment but rather as a consequence of reduced body
weights of the animals.
Although there were some differences in some clinical
chemistry and hematological parameters, they were not
dose-related and were not, therefore, considered to be
treatment-related.
At gross necropsy, the only treatment-related finding was
the presence of skin irritation which included dry skin and
scab formation and was consistent with the clinical fndings
throughout the study.
Histological examination of the tissues taken from rat in
the high dose group did not reveal any treatment-related
effects other than skin irritation at the site of
application. These included acanthosis, hyperkeratosis,
dermal fibrosis, epidermal crusting, dermal inflammation and
ulceration.

Test substance

:

Reliability
03.11.2003

:

Type
Species
Sex
Strain
Route of admin.
Exposure period
Frequency of treatm.
Post exposure period
Doses
Control group
Method

:
:
:
:
:
:
:
:
:
:
:

In conclusion the primary effect of dermal exposure to test
material was skin irritation at all dose levels, with more
irritation occurring at the highest two dose levels.
In the highest two dose groups body weight gains were also
reduced.
There were no other biologically significant findings.
Sample F-75-01 is a diesel fuel No. 2
Its composition is:
Saturates
60.4%
Aromatics
39.6%
(1) valid without restriction
(110)
Sub-acute
Rabbit
male/female
New Zealand white
Dermal
3 weeks
5 days each week for 3 weeks
0.2, 0.67 & 2.0 g/kg
Yes
other
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Year
GLP
Test substance

:
:
:

1984
Yes
other TS: Diesel fuel LF-7765 RI

Method

:

Result

:

The test material was applied undiluted to the shorn skin of
groups of 10 male and 10 female rabbits at dose levels of
0.2, 0.67 and 2.0 g/kg/day. Dose was adjusted by altering
the dose volume. The treated skin site was not covered after
application of test material and ingestion was prevented by
fitting collars to the animals. Two groups of 10 male and 10
females served as untreated controls and sham-treated
controls.
Animals were dosed once each day, 5 days each week for 3
weeks.
All rabbits were observed twice daily for morbidity and
mortality except on non-dosing days when the observations
were made only once per day. Dead rabbits were removed for
necropsy and animals not expected to survive were sacrificed
and necropsied.
Body weights were recorded 24 hours prior to the study,
weekly during the study and immediately prior to sacrifice
at termination.
The skin at the application site was examined 24 hours after
the first application of test material and weekly
thereafter. The skin reactions were scored according the
Draize scale.
Blood samples were obtained by cardiac puncture from each
rabbit (after 18-24 hours fasting), and from each surviving
animal at the end of the study. The blood samples were
analyzed for a range of clinical chemical and hematological
parameters.
All rabbits whether dying or killed were subjected to a post
mortem examination. Major organs were weighed and a wide
range of tissues preserved for histopathological
examination.
2/10 females in the highest dose group died and one male at
this dose level was sacrificed in extremis.
Clinical signs, when observed, were related to the degree of
skin irritation that occurred during the study.There were
signs of severe dermal irritation at the treated site
consisting of scaling, scabbing and eschar formation. This
severe irritation was seen in all rabbits treated with the
test material. Although only minimal irritation occurred
after the first exposure to the test material the severity
increased as treatment progressed. In all treatment groups
hyperirritability and hair loss was observed. In the highest
dose group hind limb paresis and decreased motor activity
were also observed. This was attributed to the degree of
skin irritation since the affected skin became cracked with
dense scabbing. The skin in these areas became tight and
unpliable resulting in painful movement for the animals.
Body weight gains were lower than controls for the two
highest dose groups. The low dose group had reduced body
weight gains only in the third week of the study.
The following clinical chemical and hematological
differences with controls were also observed:
2 g/kg
0.67 g/kg 0.2 g/kg
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SGOT
increased
Globulin
increased
Potasium
increased
Albumin/globulin ratio decreased
Albumin
decreased
Alkaline phosphatase decreased decreased
Glucose
increased increased
WBC
increased increased
RBC
decreased
Hemoglobin
decreased
decreased
Hematocrit
decreased
MCHC
decreased decreased decreased
Differential WBC
Mature Neutrophils increased
Lymphocytes
decreased
Basophils
decreased
There were no signifcant differences in either male or
female organ or organ to body weight ratios in any dose
group when compared to the untreated controls. However when
the data from both sexes were combined and these were
compared to control values significant differences were
found. These were as follows:
Dose group (g/kg)
2
0.67
0.2
Brain (absolute wt.)
low
low
Brain (relative wt.)
high
high
Liver (absolute wt.)
low
low
low
Liver (relative wt.)
high
Kidney (absolute wt.) low
Kidney (relative wt.) high
Heart (absolute wt.)
Heart (relative wt.) high
Adrenals (absolute wt.) Adrenals (relative wt.) high

low
low
-

low
-

At gross necropsy skin changes were observed at all dose
levels. These included thickened, scaly, flaky, cracked and
crusty skin at the application site. Essentially all of the
treated rabbits had enlarged prefemoral lymph nodes, some
red in colour. Several of the high dose rabbits also had
enlarged axillary and inguinal lymph nodes.
Stomach ulceration and thickened mucosa in some rabbits and
small testes and ovaries in a few of the high and mid-dose
animals was attributed to the stress of test article
application or collar placement.
Histopathological examination revealed epidermal
hyperplasia, hyperkeratosis, parakeratosis, dermatitis,
necrosis and ulceration at the application site. The
incidence was not dose-related but the severity was. There
was a treatment-related enlargement of prefemoral lymph
nodes and were due to a proliferation of lymphocytic and
reticuloendothelial cells.
Testicular tubular epithelial degeneration was observed in
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Test substance

:

Reliability

:

all study groups but there was a higher incidence in the
groups exposed to the test material. This change together
with giant cell formation was only observed in males in the
high dose group.
SAMPLE LF-7765 RI was described as a pink liquid with a
viscosity similar to that of gasoline.
(1) valid without restriction
Although it is not clear whether the study was carried out
according to Good Laboratory Practices, it was subjected to
a quality assurance assessment and appears to have been
conducted using appropriate methods and to have been fully
reported.

03.11.2003

(98)

Type
Species
Sex
Strain
Route of admin.
Exposure period
Frequency of treatm.
Post exposure period
Doses
Control group
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:
:
:
:
:

Method

:

Remark

:

Result

:

Rabbit
male/female
New Zealand white
Dermal
24 hours
daily for 5 days, two days rest and daily for further 5 days
1, 3 & 10 ml/kg
yes, concurrent no treatment
1979
Yes
other TS: Diesel fuel, sample API 78-4 (predominantly saturates) See
section 1.1.1.
Undiluted test material was applied, using a four-inch
square gauze, to the shorn skin of groups of 4 male and 4
female adult New Zealand White rabbits. Dose groups were 1,
3 and 10 ml/kg. An untreated group of 4 males and 4 females
served as controls.
The applied gauze was covered with an occlusive dressing and
left in place for 24 hours. After 24 hours it was removed
and a fresh dose applied.
This dosing regime was continued for 5 consecutive days,
followed by two days rest and then with 5 consecutive days
of further dosing.
Animals were observed for mortality, local reactions and
behavioral changes.
Initial and final body weights were recorded.
Any animals that died during the study as well as those
killed at termination were subject to necropsy. All
significant gross pathological alterations were recorded.
Skin from the test site, liver, kidney, spleen and urinary
bladder were submitted for histopathologic examination.
This study only demonstrated the irritant nature of the test
material when applied repeatedly under occlusion to the
skin.
Any other changes were probably secondary to the severe skin
irritation that occurred.
Mortality and weight change in the respective groups was as
follows:
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Dose group
(ml/kg/day)

Weight change Mortality
(kg)
(%)

0
1
3
10

0.2 gain
0.08 gain
0.2 loss 25
0.7 loss 87.5

0
0

The most significant daily observation recorded at all three
dose levels was the progressive deterioration of the skin at
the treated site. It became thickened and necrotic and the
animals were distressed by the treatment.

Reliability
03.11.2003

:

Type
Species
Sex
Strain
Route of admin.
Exposure period
Frequency of treatm.
Post exposure period
Doses
Control group

:
:
:
:
:
:
:
:
:
:

Result

:

At gross post mortem, the 10 ml/kg animals were anorexic and
had severe skin lesions. Treatment-related lesions were seen
in animals at all dose groups.
The only significant histological findings were those
associated with the severe skin lesions.
(1) valid without restriction
(72)

rabbit
New Zealand white
dermal

Four samples of distillate fuels have been tested in two
week repeat dose toxicity studies.
The results are summarized in the following table and, for
completeness, these include the data from the preceding
robust summary.
Sample

Dose

Growth rate/ mortality API
Report No.

Sample
(ml/kg/day)
Home heating oils
78-3 2.5
no effect
)
4
no effect
)
10
8/8 died, weight loss)
78-2

1
2.5
10

no effect
)
1/8 died
)
6/8 died, weight loss)

78-4

27-32773

27-32771

1
no effect
)
3
2/8 died, weight loss) 27-32068
10
7/8 died, weight loss)
In all the studies, skin irritation was severe at all
dose levels.
Page 160 of 363

Id Gas Oils

5. Toxicity

Date October 23, 2012

Diesel fuel
79-6 4 ml/kg/day
8 ml/kg/day

no effect
67% mortality

)
)

27-32817

29.09.2003

(70) (71) (72) (73)

REPEATED DOSE TOXICITY
Test Substance
Category Chemical (CAS #):

64641-77-1

Test Substance (CAS #):

64641-77-1; Light Hydrocracked distillate (F-188)

Test Substance Purity/Composition
and Other Test Substance
Comments :

No information available

Category Chemical Result Type :

Measured

Type
Species
Sex
Strain
Route of admin.
Exposure period
Frequency of treatm.
Doses
No. of animals/dose
Control group
Method/Guideline
followed
Year
GLP
Test substance
Post exposure period

Repeated dose; 4 week dermal exposure
Rat
Male/female
Sprague-Dawley
Dermal
4 weeks
5 days/week (week days)
0.05, 0.25, 1.0 ml/kg/day (41, 205, 820 mg/kg/day)
10/sex/dose
Yes, untreated

Method/Guideline
and Test Condition Remarks:

Three groups of ten male and ten female young adult albino SpragueDawley rats were administered F-188 dermally once daily, five days per
week for four weeks, at a dose of 0.05, 0.25, 1.0 ml/kg/day (41, 205,
820 mg/kg/day) . The test article was applied to previously clipped sites
on the backs of the animals. The site of application was occluded for a
period of approximately six hours following application of the test article.
The skin was then wiped to remove residual material. A fourth group of
ten male and ten female rats served as a control. The backs of the
control group animals were clipped and the occlusive wrap was applied
daily, five days per week, for four weeks.

Other
1992
Yes
Light Hydrocracked distillate (F-188); CAS 64641-77-1
None

The animals were observed twice daily for signs of toxicity and viability.
Dermal irritation at the site of application was evaluated daily just prior to
the application of the test article, twenty-four hours after the fifth weekly
application and just prior to necropsy. Body weights were determined
three times per week during the study (Mondays, Wednesdays and
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Fridays) and just prior to necropsy.
At the time of necropsy, blood was collected for hematology and clinical
chemistry evaluations. Measured hematological parameters were
hematocrit, hemoglobin, number of red blood cells, platelets and the
number and differential count of white blood cells. The following clinical
chemistry parameters were analyzed: albumin, alkaline phosphatase,
alanine aminotransferase, aspartate aminotransferase, cholesterol,
creatinine, glucose, total protein, triglycerides, urea nitrogen, calcium,
chloride, iron, phosphorus, potassium, and sodium, globulin (calculated),
NG ratio (calculated).
All animals were then killed and necropsied. The following organs were
weighed: adrenals, brain, kidneys, liver, testes, and ovaries. The
following organs were preserved in 10% neutral buffered formalin for
possible histological evaluation: adrenals*, aorta, cecum, cervical lymph
nodes*, esophagus, femur with articular surface, ileum*, bone and
marrow, brain*, eyes and optic nerve, gonads, heart*, duodenum*,
jejunum*, mammary glands, colon*, kidneys*, liver*, lungs* (perfused)
with trachea , pancreas*, skeletal muscle, salivary glands*, rectum*,
pituitary, peripheral nerve, skin* (untreated and treated), spinal cord,
spleen*, sternum with bone marrow*, testes*, ovaries*, stomach*,
thymus*, thyroid*, parathyroid glands, uterus, vagina, urinary bladder*,
and any gross lesions. Bone marrow smears (femur) were prepared,
preserved and maintained. For the control and high dose groups, those
tissues marked with (*) were stained and sectioned for examination by a
qualified pathologist.
Clinical pathology data, terminal organ weights, and organ to body
weight ratios were statistically analyzed. Statistical evaluations of
equality of means were done by an appropriate one way analysis of
variance and a test for ordered response in the dose groups. First,
Bartlett's test was performed to determine if the dose groups have equal
variance at the 1 percent level of significance. If the variances are equal,
the testing were done using parametric methods, otherwise,
nonparametric techniques were used.
For the parametric procedures, a standard one way ANOVA using the F
distribution to assess significance was used. If significant differences
among the means are indicated, Dunnett's test were used to determine
which treatment groups differ significantly from control. In addition to the
ANOVA, a standard regression analysis for linear response in the dose
groups was performed. The regression was also test for linear lack of fit
in the model.
For the nonparametric procedures, the test of equality of means were
performed using the Kruskal-Wallis test. If significant differences among
the means were indicated, Dunn's Summed Rank test were used to
determine which treatment groups differ significantly from control. In
addition to the Kruskal-Wallis test, Jonckheere's test for monotonic trend
in the dose response was performed.
Mean Draize irritation scores were plotted by group and time. The
nonparametric procedures described above were used on this irritation
data when appropriate. Sexes were analyzed separately. All ratios were
transformed by the arc sine transformation and Cochran’s
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transformation to stabilize variances. The test for equal variance
(Bartlett) was conducted at the 1% level of significance. All other tests
were conducted at the 5% and 1% level of significance.
NOAEL/LOAEL

Males:

NOAEL = 820 mg/kg/day (1.0 ml/kg/day)*
LOAEL = >820 mg/kg/day
Females: NOAEL = 820 mg/kg/day (1.0 ml/kg/day)*
LOAEL = >820 mg/kg/day
* Note: Authors indicate “NOEL”

Result remarks

Clinical:
Skin irritation:
Mortality
None

Very slight – Moderate, dose response
Males
Females
None

Body wt., terminal
No difference

Males

Organ weights Males
No difference
Hematology
No difference

Females
No difference
Females
No difference

Males Females
No difference

Serum chemistry
Globulin
Males
↑ 820 (13%) mg/kg/day**
Females
No difference
A/G ratio
Males
↓ 820 (17%) mg/kg/day**
Females
↓ 205 (12%) mg/kg/day**

Histopath (sham controls & high dose)
Males
No test article-related systemic findings
Females
No test article-related systemic findings
Testes – normal; Ovaries – normal
Note: ** not considered by study directors to be compound-related and/or
biologically relevant
Conclusion

Effects defining LOAEL:
Male >820 mg/kg/day (1.0 ml/kg/day)
None – highest dose tested was NOAEL for systemic effects
Female >820 mg/kg/day (1.0 ml/kg/day)
None – highest dose tested was NOAEL for systemic effects

Reliability

1 – Reliable without restrictions
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Reliability remarks

Similar to guideline study; sufficient detail provided in appendices and
tables.

Key study sponsor

Yes

Reference

ARCO. 1992. Twenty-eight day dermal toxicity study in rats administered
test article F-188. Report no. ATX-91-0094.

Repeated Dose Toxicity
TEST SUBSTANCE
Category Chemical:
Test Substance:

64741-49-7

Test Substance
Purity/Composition
and Other Test Substance
Comments:

Vacuum Tower Overheads (CRU No. 86270)

64741-49-7; Vacuum Tower Overheads (VTO)

PAC (Polycyclic Aromatic Compound) Content – Report No. 63806 ZF
(Mobil, 1990)
Sample
DMSO 1-ARC 2-ARC 3-ARC 4-ARC 5-ARC 6-ARC 7-ARC
1
2
#
wt.%
(%)
(%)
(%)
(%)
(%)
(%)
(%)
86270
8.80
0.88
2.64
3.52
0.88
0.35
0.00
0.35
1) Percent of DMSO-extractable materials (mostly PACs), determined by the PAC 2
method as described in API (2008).
2) ARC is “aromatic ring class”. “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.

Category Chemical Result Type
:
Type
Species
Sex
Strain
Route of admin.
Exposure period
Frequency of treatm.
Doses
No. of animals/dose
Control group
Method/Guideline
followed
Year
GLP
Test substance
Post exposure period
Method/Guideline
and Test Condition Remarks:

Measured
Subchronic
Rat
Male/Female
Sprague-Dawley
Dermal
13 Weeks
Daily, 5 days/week
30, 125 and 500 mg/kg/day
10 animals/sex/dose
Yes, untreated
Other
1989
Yes
Vacuum Tower Overheads Sample 86270
None
Animals were approximately 49 days at the initiation of dosing.
Hair was clipped from the entire trunk of each rat as needed (at least
weekly) and the test substance was applied to the back of each animal with
a syringe. Calculated from its most recent body weight. The test substance
was spread evenly over the back of each animal with the end of the syringe.
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Controls were handled in the same manner, but no material was applied to
the skin. The treated skin was left uncovered and the rats were fitted with
cardboard Elizabethan collars to minimize ingestion of the test substance.
Endpoints during the biophase included daily observation of clinical signs
and body weights measured weekly. Mortality and moribundity were
observed two times daily. Skin irritation was assessed weekly. Blood and
urine samples were collected from fasted rats before treatment began and
during weeks 5 and 13. Samples during week 13 were taken at sacrifice.
Measured hematological parameters were hematocrit, hemoglobin,
platelets, number and morphology of red blood cells, and the number and
differential count of white blood cells. Mean corpuscular volume (MCV) ,
mean corpuscular hemoglobin (MCH) and mean corpuscular hemoglobin
concentration (MCHC) were calculated.
The following clinical chemistry parameters were analyzed: albumin,
alkaline phosphatase, alanine aminotransferase, aspartate
aminotransferase, cholesterol, creatinine, glucose, lactate dehydrogenase,
total bilirubin, total protein, triglycerides, urea nitrogen, uric acid, calcium,
chloride, iron, phosphorus, potassium, and sodium. Urine samples were
also collected for analysis of specific gravity, pH, glucose, occult blood,
ketone bodies, albumin, urobilogen, and bilirubin. Globulin (G) and AIG ratio
were calculated.
All animals were then killed and necropsied. The following organs were
weighed: adrenals, brain, epididymides, gonads, heart, kidneys, liver,
prostate, spleen, thymus, thyroid, and uterus. Histological slides were
prepared from the following organs of both controls and animals treated
with 2000 mg/kg/day: adrenals, bone and marrow, brain, eyes and optic
nerve, gonads, duodenum, colon, kidneys, liver, lung, pancreas, skin (2
sections of treated skin), spleen, stomach, thymus, thyroid, urinary bladder,
and any gross lesions. The following target organs were examined from the
animals in the low and mid-dose group: liver, bone marrow, thymus and any
gross lesions. All slides were examined microscopically by a pathologist.
Sperm evaluations from epididymis of controls and high dose animals were
performed.
Statistical analysis: Quantitative data were analyzed for homogeneity of
variances followed by ANOVA and Dunnett’s test or Tukey’s Multiple Range
Test. Differences between control and treated animals were considered
statistically significant only if the probability of the differences being due to
chance was less than 5% (p < 0.05).
NOAEL/LOAEL

Males:

NOEL = 30 mg/kg/day
LOEL = 125 mg/kg/day
Females: NOEL = 30 mg/kg/day
LOEL = 125 mg/kg/day
No NOAELs identified by author

Result remarks

Clinical
Body wt gains
Hematology
RBC 125 mg/kg
500 mg/kg
Hb
125 mg/kg

None
↓ 11% in males at 500 mg
Males
↓ 7%
↓ 5%
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500 mg/kg
125 mg/kg
500 mg/kg
MCH 500 mg/kg
MCHC 125 mg/kg
500 mg/kg

↓ 10%
↓ 4%
↓ 9%
-

↓ 12%
↓↓ 8%
↓ 4%
↓ 3%
↓ 4%

Serum chemistry
BUN
125 mg/kg
500 mg/kg
ALT
500 mg/kg
Cholesterol
125 mg/kg
500 mg/kg
Triglycerides 500 mg/kg
Total protein
500 mg/kg
Total bilirubin 125 mg/kg
500 mg/kg
Albumin
500 mg/kg
Ca
500 mg/kg
Inorganic P
125 mg/kg
500 mg/kg

Males
↑ 27%
↓ 29%
↑ 26%
↓ 6%
↓ 19%
↓ 23%
↓ 5%
-

Females
↑ 30%
↑ 27%
↑ 28%
↑ 47%
↑ 49%
↑ 7%
↑ 4%
↓ 18%
↓ 14%

Ht

Organ weights
Males
Liver (abs)
125 mg/kg
↑ 19%
500 mg/kg
↑ 18%
Liver (rel)
125 mg/kg
↑ 16%
500 mg/kg
↑ 29%
Thymus
(abs) 500 mg/kg
↓ 39%
Thymus (rel) 500 mg/kg
↓ 32%
Histopath:

Thymus

Females
↑ 35%
↑ 16%
↑ 43%
↓ 31%
-

Mild reduction in thymocytes at 500 mg in
both sexes.

Spermatozoa and spermatid evaluations:

No effects

Conclusion

Effects defining LOEL:
Male (125 mg/kg/day)
↓ BW, ↑ Liver (abs), ↑ Liver (rel), hematology changes, serum chemistry
changes
Female (125 mg/kg/day)
↑ Liver (rel), hematology changes, serum chemistry changes

Reliability

1 – Reliable without restrictions

Reliability remarks

Similar to guideline study; sufficient detail provided in appendices and
tables.

Key study sponsor

Yes

Reference

Mobil. 1989. Thirteen-Week Dermal Administration of Vacuum Tower
Overheads to Rats. Mobil Environmental and Health Sciences Laboratory
Report 62326.
Mobil. 1990. Characterization and Quantitation of Polynuclear Aromatics in
Vacuum Tower Overhead. Mobil Environmental and Health Sciences
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Laboratory Report No. 63806ZF.
API. 2008. PAC Analysis Task Group, “The relationship between the
aromatic ring class content and selected endpoints of repeat-dose and
developmental toxicity of high-boiling petroleum substances.”
http://www.petroleumhpv.org/pages/pac.html, accessed 31 Dec 2009.
Repeated Dose Toxicity
TEST SUBSTANCE
Category Chemical:
Test Substance:

64741-59-9

Test Substance
Purity/Composition
and Other Test Substance
Comments:

Light Cycle Oil (CRU No. 8281)

64741-59-9; Light Cycle Oil (LCO); Catalytically Cracked Distillates, Light

PAC (Polycyclic Aromatic Compound) Content – report no. 53201
(Mobil, 1991)
Sample
DMSO 1-ARC 2-ARC 3-ARC 4-ARC 5-ARC 6-ARC 7-ARC
1
2
#
wt.%
(%)
(%)
(%)
(%)
(%)
(%)
(%)
8281
49.10
2.00
29.50
14.70
0.00
0.50
0.50
0.00
1) Percent of DMSO-extractable PACs, determined by the PAC 2 method as described
in API (2008).
2) ARC is “aromatic ring class”. “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.

Category Chemical Result
Type :
Type
Species
Sex
Strain
Route of admin.
Exposure period
Frequency of treatm.
Doses
No. of animals/dose
Control group
Method/Guideline
followed
Year
GLP
Test substance
Post exposure period
Method/Guideline
and Test Condition Remarks:

Measured
Subchronic
Rat
Male/Female
Sprague-Dawley
Dermal
13 Weeks
Daily, 5 days/week
8, 25, 125, 500 & 1250 (Note: the 1250 mg/kg/day groups
were exposed for 2 weeks only)
10 animals/sex/dose
Yes, untreated
Other
1985
Yes
Light cycle oil (LCO) sample 8281
None
Animals were approximately 48 days at the initiation of dosing.
Hair was clipped from the entire trunk of each rat as needed (at least weekly) and the test
substance was applied to the back of each animal with a syringe. Calculated from its
most recent body weight. The test substance was spread evenly over the back of each
animal with the end of the syringe. Controls were handled in the same manner, but no
material was applied to the skin. The treated skin was left uncovered and the rats were
fitted with cardboard Elizabethan collars to minimize ingestion of the test substance. Each
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Saturday morning as much residual CLGO as possible was wiped off the animals' back
with gauze pads, and the collars removed. Collars were reapplied before dosing on the
following Monday.
Endpoints during the biophase included daily observation of clinical signs and body
weights measured weekly. Mortality and moribundity were observed two times daily. Skin
irritation was assessed weekly. Blood and urine samples were collected from fasted rats
before treatment began and during weeks 4 and 13. Samples during week 13 were taken
at sacrifice. Measured hematological parameters were hematocrit, hemoglobin, platelets,
number and morphology of red blood cells, and the number and differential count of white
blood cells. Mean corpuscular volume (MCV) , mean corpuscular hemoglobin (MCH) and
mean corpuscular hemoglobin concentration (MCHC) were calculated.
The following clinical chemistry parameters were analyzed: albumin, alkaline
phosphatase, alanine aminotransferase, aspartate aminotransferase, cholesterol,
creatinine, glucose, lactate dehydrogenase, total bilirubin, total protein, triglycerides, urea
nitrogen, uric acid, calcium, chloride, iron, phosphorus, potassium, and sodium. Urine
samples were also collected for analysis of specific gravity, pH, glucose, occult blood,
ketone bodies, albumin, urobilogen, and bilirubin. Globulin (G) and AIG ratio were
calculated.
All animals were then killed and necropsied. The following organs were weighed:
adrenals, brain, epididymides, gonads, heart, kidneys, liver, prostate, spleen, thymus,
thyroid, and uterus. Histopathologic evaluation was limited to the small intestine, gonads,
liver, kidneys, treated skin, spleen, stomach, thymus, and urinary bladder from the control
animals and those dosed at 500 mg/kg/day.
Statistical analysis: Quantitative data were analyzed by parametric methods: analysis of
variance (ANOVA) and associated F-test, followed by Tukey's multiple comparison test
(body weight, hematology, organ weight data) or Student-Newman-Keuls multiple
comparison test (serum chemistry), provided that there was statistical significance in
ANOVA. Differences between control and treated animals were considered statistically
significant only if the probability of the differences being due to chance was less than 5%
(p < 0.05).
NOAEL/LOAEL

500 mg/kg (Authors)
125 mg/kg (reviewers)Males:
Males: NOEL = 25 mg/kg/day
LOEL = 125 mg/kg/day
Females: NOEL = 125 mg/kg/day
LOEL = 500 mg/kg/day
No NOAELs identified by author

Result remarks

1250 mg/kg group terminated due to poor clinical condition
Skin irritation
in all dose groups
Body weight gains compared to control
Males
Females
500 mg/kg
↓ 25%
↓ 7%
125 mg
↓ 7%Hematology
Hb
HCt

Males
↓ (6%) at 500
↓ (5%) at 500

Serum chemistry

Females
↓ (8%) at 500 mg
↓ (6%) at 125 mg

No dose-related effects
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Urinalysis

No effects

Organ weights
Thymus (abs)

Males
↓ 23% at 125 mg
↓ 60% at 500 mg
↑ 29% at 500 mg/kg
↓ 22% at 500 mg
↑ 9% at 500 mg/kg
↓ 22% at 500 mg
↓ 19% at 500 mg
↑ 14% at 500 mg/kg

Liver (rel)
Kidney (abs)
(rel)
Spleen (abs)
Heart (abs)
(rel)
Adrenal (abs)
(rel)
Testis (abs)
Ovary (rel)

↑ 58% at 500 mg/kg
↑ 25% at 125 mg/kg
↓ 17% at 500 mg

Females
↑ 27% at 500 mg/kg
↑ 12% at 500 mg/kg
↑ 21% at 500 mg/kg
↑ 27% at 500 mg/kg
↑ 40% at 500 mg/kg
↑ 21% at 500 mg/kg

Pathology
500 mg in kidney (dilated tubules, eosinophilic
liver (moderate diffuse infiltration of fat)
lymph nodes (chronic reactive hyperplasia M & F;mast cells
in cortex and perinodal fat F only, )
Thymus (depletion of lymphocytes)
Conclusion

Effects defining LOEL:
Male (125 mg/kg/day)
↓ BW, ↓Thymus (rel), ↑Adrenal (rel)
Female (500 mg/kg/day)
↓ BW, ↑Liver (rel), ↑Kidney, (rel),↑Adrenal (abs),↑Adrenal (rel), ↑Ovary (rel),
hematological changes
NOAEL: Male = 25mg/kg/day; Female = 125mg/kg/day

Reliability

1 – Reliable without restrictions

Reliability remarks

Similar to guideline study; sufficient detail provided in appendices and tables.

Key study sponsor

Yes

Reference

Mobil. 1985. Thirteen-Week Dermal Administration of Light Cycle Oil to Rats. Mobil
Environmental and Health Sciences Laboratory Report 20535.
Mobil. 1994. Characterization and Quantitation of Polynuclear Aromatics in Light Cycle
Oil. Mobil Environmental and Health Sciences Laboratory Report no. 53201.
API. 2008. PAC Analysis Task Group, “The relationship between the aromatic ring class
content and selected endpoints of repeat-dose and developmental toxicity of high-boiling
petroleum substances.” http://www.petroleumhpv.org/pages/pac.html, accessed 31 Dec
2009.

Repeated Dose Toxicity
TEST SUBSTANCE
Category Chemical:

64741-82-8
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Test Substance:

64741-82-8; Beaumont Coker Light Gas Oil (LCGO)

Test Substance
Purity/Composition
and Other Test
Substance Comments:

Beaumont Coker Light gas oil (CRU 87213)
PAC (Polycyclic Aromatic Compound) Content – Report No. 64384 ZN
(Mobil, 1990)
Sample
DMSO 1-ARC 2-ARC 3-ARC 4-ARC 5-ARC 6-ARC 7-ARC
1
2
#
wt.%
(%)
(%)
(%)
(%)
(%)
(%)
(%)
87213
10.50
0.11
4.20
6.30
0.32
0.00
0.00
0.00
1) Percent of DMSO-extractable materials (mostly PACs), determined by the PAC 2
method as described in API (2008).
2) ARC is “aromatic ring class”. “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.

Category Chemical
Result Type :
Type
Species
Sex
Strain
Route of admin.
Exposure period
Frequency of treatm.
Doses
No. of animals/dose
Control group
Method/Guideline
followed
Year
GLP
Test substance
Post exposure period
Method/Guideline
and Test Condition
Remarks:

Measured
Subchronic
Rat
Male/Female
Sprague-Dawley
Dermal
13 Weeks
Daily, 5 days/week
30, 125, 500, 2000 mg/kg/day (Note: the 500 and 2000 mg/kg/day groups
were sacrificed at 9 and 2 weeks, respectively)
10 animals/sex/dose
Yes, untreated
Other
1991
Yes
Beaumont Coker Light gas oil (CRU 87213), CAS: 64741-82-8
None
Animals were approximately 48 days at the initiation of dosing.
Hair was clipped from the entire trunk of each rat as needed (at least
weekly) and the test substance was applied to the back of each animal with
a syringe. Calculated from its most recent body weight. The test substance
was spread evenly over the back of each animal with the end of the syringe.
Controls were handled in the same manner, but no material was applied to
the skin. The treated skin was left uncovered and the rats were fitted with
cardboard Elizabethan collars to minimize ingestion of the test substance.
Each Saturday morning as much residual CLGO as possible was wiped off
the animals' back with gauze pads, and the collars removed. Collars were
reapplied before dosing on the following Monday.
Endpoints during the biophase included daily observation of clinical signs
and body weights measured weekly. Mortality and moribundity were
observed two times daily. Skin irritation was assessed weekly. Blood and
urine samples were collected from fasted rats before treatment began and
during weeks 5 and 13. Samples during week 13 were taken at sacrifice.
Measured hematological parameters were hematocrit, hemoglobin,
platelets, number and morphology of red blood cells, and the number and
differential count of white blood cells. Mean corpuscular volume (MCV) ,
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mean corpuscular hemoglobin (MCH) and mean corpuscular hemoglobin
concentration (MCHC) were calculated.
The following clinical chemistry parameters were analyzed: albumin,
alkaline phosphatase, alanine aminotransferase, aspartate
aminotransferase, cholesterol, creatinine, glucose, lactate dehydrogenase,
total bilirubin, total protein, triglycerides, urea nitrogen, uric acid, calcium,
chloride, iron, phosphorus, potassium, and sodium. Urine samples were
also collected for analysis of specific gravity, pH, glucose, occult blood,
ketone bodies, albumin, urobilogen, and bilirubin. Globulin (G) and AIG ratio
were calculated.
All animals were then killed and necropsied. The following organs were
weighed: adrenals, brain, epididymides, gonads, heart, kidneys, liver,
prostate, spleen, thymus, thyroid, and uterus. Histological slides were
prepared from the following organs of both controls and animals treated
with 125 mg/kg/day: adrenals, bone and marrow, brain, eyes and optic
nerve, gonads, duodenum, colon, kidneys, liver, lung, pancreas, skin (2
sections of treated skin), spleen, stomach, thymus, thyroid, urinary bladder,
and any gross lesions. The following target organs were examined from the
animals in the 500 and 2000 mg/kg/day-dose groups: liver, bone marrow,
thymus and any gross lesions. All slides were examined microscopically by
a pathologist.
Sperm evaluations from epididymis of controls and 125 mg/kg animals were
performed.
Statistical analysis: Quantitative data were analyzed by parametric
methods: analysis of variance (ANOVA) and associated F-test, followed by
Tukey's multiple comparison test (body weight, hematology, organ weight
data) or Student-Newman-Keuls multiple comparison test (serum
chemistry), provided that there was statistical significance in ANOVA.
Differences between control and treated animals were considered
statistically significant only if the probability of the differences being due to
chance was less than 5% (p < 0.05).
NOAEL = <30 mg/kg/day – not determined
LOAEL = 30 mg/kg/day
Females: NOAEL = <30 mg/kg/day – not determined
LOAEL = 30 mg/kg/day

NOAEL/LOAEL

Males:

Result remarks

Clinical: Severe skin irritation and moribund animals in 500 and 2000
mg/kg/day groups. These terminated at weeks 9 and 2 respectively.
Skin irritation:

Severe in all treated groups

Body wt. (terminal)

Males
↓10% at 125 mg/kg

Organ weights
Males
Thymus (abs) 125 mg/kg
↓ 34%
30 mg/kg
↓ 25%
Thymus
(rel)
125 mg/kg
↓ 25%
Adrenals (rel) 125 mg/kg
↑ 29%
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Brain (rel)
125 mg/kg
Epididymis (rel) 125 mg/kg
Kidneys (rel) 125 mg/kg
Liver (rel)
125 mg/kg
Heart (rel)
125 mg/kg
Spleen (rel)
125 mg/kg
Prostate (rel) 125 mg/kg
Testes (rel)
125 mg/kg

↑ 11%
↑ 10%
↑ 8%
↑ 14%

Hematology
WBC
125 mg/kg
Diff wbc
Seg. Neutrophils 125 mg/kg
Lymphocytes 125 mg/kg
30 mg/kg
Serum chemistry
BUN
125 mg/kg
Calcium
125 mg/kg
30 mg/kg
SDH
125 mg/kg
30 mg/kg
Glucose
125 mg/kg
30 mg/kg
AST
125 mg/kg
30 mg/kg
Alk. Phos.
125 mg/kg
Chloride
125 mg/kg

Males
↑ 29%

↑ 8%
↑ 22%
↑ 6%
↑ 35%

↑ 19%
↑ 12%
↑ 11%

↑ 180%
↓ 10%
↓ 8%
Males

↓ 17%
↓ 12%
↓ 31%
↓ 33%
↑ 30%
↓ 2%

Females
↑ 11%
↑ 205%
↓ 20%
Females
↑ 26%
↓ 6%
↓ 5%
↓ 30%
↑ 40%
↓ 20%

↑ 35%

Histopath
Bone marrow: reduction in erythropoietic cells and megakaryocytes
Megakaryocytes larger, vacuolated, clumped and/or nuclei
darkened
Kidney
Dilated ducts in medulla and tubules in cortex
Conclusion

Effects defining LOAEL:
Male (30 mg/kg/day)
↓ BW, ↓Thymus (rel), hematology changes, serum chemistry changes
Female (30 mg/kg/day)
serum chemistry changes

Reliability

1 – Reliable without restrictions

Reliability remarks

Similar to guideline study; sufficient detail provided in appendices and
tables.

Key study sponsor

Yes

Reference

Mobil. 1991. Thirteen-Week Dermal Administration of Beaumont
Coker Light Gas Oil to Rats. Mobil Environmental and Health Sciences
Laboratory Report 61996.
Mobil. 1990. Characterization and Quantitation of Polynuclear Aromatics in
Beaumont Coker Light Gas Oil. Mobil Environmental and Health Sciences
Laboratory Report No. 64384 ZN.
API. 2008. PAC Analysis Task Group, “The relationship between the
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aromatic ring class content and selected endpoints of repeat-dose and
developmental toxicity of high-boiling petroleum substances.”
http://www.petroleumhpv.org/pages/pac.html, accessed 31 Dec 2009.
Repeated Dose Toxicity

Test Substance
Category Chemical
(CAS #):

64741-86-2
64741-86-2; DHDS Stove Oil (F-233)
PAC Content – report no. 66149 (Mobil, 1994)

Test Substance (CAS
#):

Sample
DMSO 1-ARC 2-ARC 3-ARC 4-ARC 5-ARC 6-ARC 7-ARC
1
2
#
wt.%
(%)
(%)
(%)
(%)
(%)
(%)
(%)
094629
3.00
0.00
0.00
0.00
0.00
0.00
0.00
(F-233)
1) Percent of DMSO-extractable materials (mostly PACs), determined by the PAC 2
method as described in API (2008).
2) ARC is “aromatic ring class”. “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.

Test Substance
Purity/Composition and
Other Test Substance
Comments :

No information available

Category Chemical
Result Type :

Measured

Type
Species
Sex
Strain
Route of admin.
Exposure period
Frequency of treatm.
Doses
No. of animals/dose
Control group
Method/Guideline
followed
Year
GLP
Test substance
Post exposure period

Repeated dose; 4 week dermal exposure
Rat
Male/female
Sprague-Dawley
Dermal
4 weeks
5 days/week (week days)
0.05, 0.5, 1.0 ml/kg/day (41, 410, 820 mg/kg/day)
10/sex/dose
Yes
Other

Method remarks

Three groups of ten male and ten female young adult albino SpragueDawley rats were administered F-233 dermally once daily, five days per
week for four weeks, at a dose of 0.05, 0.5, 1.0 ml/kg/day (41, 410, 820
mg/kg/day) . The test article was applied to previously clipped sites on the
backs of the animals. The site of application was occluded for a period of
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approximately six hours following application of the test article. The skin
was then wiped to remove residual material. A fourth group of ten male and
ten female rats served as a control. The backs of the control group animals
were clipped and the occlusive wrap was applied daily, five days per week,
for four weeks.
The animals were observed twice daily for signs of toxicity and viability.
Dermal irritation at the site of application was evaluated daily just prior to
the application of the test article, twenty-four hours after the fifth weekly
application and just prior to necropsy. Body weights were determined three
times per week during the study (Mondays, Wednesdays and Fridays) and
just prior to necropsy.
At the time of necropsy, blood was collected for hematology and clinical
chemistry evaluations. Measured hematological parameters were
hematocrit, hemoglobin, number of red blood cells, platelets and the
number and differential count of white blood cells. The following clinical
chemistry parameters were analyzed: albumin, alkaline phosphatase,
alanine aminotransferase, aspartate aminotransferase, cholesterol,
creatinine, glucose, total protein, triglycerides, urea nitrogen, calcium,
chloride, iron, phosphorus, potassium, and sodium, globulin (calculated),
NG ratio (calculated).
All animals were then killed and necropsied. The following organs were
weighed: adrenals, brain, kidneys, liver, testes, and ovaries. The following
organs were preserved in 10% neutral buffered formalin for possible
histological evaluation: adrenals*, aorta, cecum, cervical lymph nodes*,
esophagus, femur with articular surface, ileum*, bone and marrow, brain*,
eyes and optic nerve, gonads, heart*, duodenum*, jejunum*, mammary
glands, colon*, kidneys*, liver*, lungs* (perfused) with trachea , pancreas*,
skeletal muscle, salivary glands*, rectum*, pituitary, peripheral nerve, skin*
(untreated and treated), spinal cord, spleen*, sternum with bone marrow*,
testes*, ovaries*, stomach*, thymus*, thyroid*, parathyroid glands, uterus,
vagina, urinary bladder*, and any gross lesions. Bone marrow smears
(femur) were prepared, preserved and maintained. For the control and high
dose groups, those tissues marked with (*) were stained and sectioned for
examination by a qualified pathologist.
Clinical pathology data, terminal organ weights, and organ to body weight
ratios were statistically analyzed. Statistical evaluations of equality of
means were done by an appropriate one way analysis of variance and a
test for ordered response in the dose groups. First, Bartlett's test was
performed to determine if the dose groups have equal variance at the 1
percent level of significance. If the variances are equal, the testing were
done using parametric methods, otherwise, nonparametric techniques were
used.
For the parametric procedures, a standard one way ANOVA using the F
distribution to assess significance was used. If significant differences
among the means are indicated, Dunnett's test were used to determine
which treatment groups differ significantly from control. In addition to the
ANOVA, a standard regression analysis for linear response in the dose
groups was performed. The regression was also test for linear lack of fit in
the model.
For the nonparametric procedures, the test of equality of means were
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performed using the Kruskal-Wallis test. If significant differences among the
means were indicated, Dunn's Summed Rank test were used to determine
which treatment groups differ significantly from control. In addition to the
Kruskal-Wallis test, Jonckheere's test for monotonic trend in the dose
response was performed.
Mean Draize irritation scores were plotted by group and time. The
nonparametric procedures described above were used on this irritation data
when appropriate. Sexes were analyzed separately. All ratios were
transformed by the arc sine transformation and Cochran’s transformation to
stabilize variances. The test for equal variance (Bartlett) was conducted at
the 1% level of significance. All other tests were conducted at the 5% and
1% level of significance.
NOAEL/LOAEL

Result remarks

Males:

NOAEL = 410 mg/kg/day (0.5 ml/kg/day)
LOAEL = 820 mg/kg/day (1 ml/kg/day)
Females: NOAEL = 410 mg/kg/day (0.5 ml/kg/day)
LOAEL = 820 mg/kg/day (1 ml/kg/day)
Note: Authors indicate “NOEL”
Clinical:
Skin irritation: Slight – Moderate, dose-related
Mortality
Males
Females
None
None
Body wt., terminal
Males
Females
↓ 820 (9%) mg/kg/day ↓ 820 (9%) mg/kg/day
Organ weights
Brain, rel BW Males
↑ 820 (14%) mg/kg/day**
Females
No difference
Liver, Abs
Males
↓ 820 (14%) mg/kg/day**
Females
No differences
Liver, rel brain Males
↓ 820 (18%) mg/kg/day**
Females
No differences
Adrenals, rel BW
Males
↑ 820 (20%) mg/kg/day**
Females
↑ 820 (33%) mg/kg/day**
Kidney, rel brain
Males
↓ 820 (12%) mg/kg/day**
Females
↓ 41 (10%), 410 (9%), 820 (9%) mg/kg/day**
Ovaries, Abs Females
↓ 820 (14%) mg/kg/day**
Ovaries rel Brain
Females
↓ 820 (15%) mg/kg/day**
Hematology
Neutrophils
Lymphocytes

Males Females
↑ 820 (62%) mg/kg/day*
↓ 820 (15%) mg/kg/day*
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Serum chemistry
BUN Males
↑ 820 (21%) mg/kg/day**
Females
↑ 41 (21%), 410 (19%), 820 (31%) mg/kg/day**
Albumin
Males
↓ 820 (8%) mg/kg/day*
Females
No differences
Globulin
Males
↑ 410 (20%), 820 (27%) mg/kg/day*
Females
↑ 410 (15%), 820 (24%) mg/kg/day*
A/G Ratio
Males
↓ 410 (21%), 820 (29%) mg/kg/day*
Females
↓ 410 (12%), 820 (20%) mg/kg/day*
Total Protein Males
↑ 410 (6%), 820 (6%) mg/kg/day*
Females
↑ 410 (6%), 820 (8%) mg/kg/day*
Histopath (sham controls & high dose)
Males
Lymphoid hyperplasia axillary lymph nodes 820 mg/kg/day*
Females
Lymphoid hyperplasia axillary lymph nodes 820 mg/kg/day*
Testes – normal; Ovaries – normal
Note: * considered by study directors to be secondary to the dermal
irritation & inflammation
** not considered by study directors to be compound-related and/or
biologically relevant
Conclusion

Effects defining LOAEL:
Male (820 mg/kg/day)
↓ BW
Female (820 mg/kg/day)
↓ BW

Reliability
Reliability remarks

1 – Reliable without restrictions
Similar to guideline study; sufficient detail provided in appendices and
tables.

Key study sponsor
Reference

Yes
ARCO. 1993. Twenty-eight day dermal toxicity study in rats administered
test article F-233. Report no. ATX-91-0233.
Mobil. 1994. Characterization and Quantitation of Polynuclear Aromatics
(PNA), Sulfur-PNA, Total and Basic Nitrogen in Various Refinery Streams.
Mobil Environmental and Health Sciences Laboratory Report no. 66149.
API. 2008. PAC Analysis Task Group, “The relationship between the
aromatic ring class content and selected endpoints of repeat-dose and
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Repeated Dose Toxicity
TEST SUBSTANCE
Category Chemical:
Test Substance:

68915-97-9

Test Substance
Purity/Composition
and Other Test
Substance Comments:

Heavy Atmospheric Gas Oil (CRU No. 86271)

68915-97-9; Heavy Atmospheric Gas Oil (HAGO)

PAC (Polycyclic Aromatic Compound) Content – Report No. 63803ZD
(Mobil, 1990)
Sample
DMSO 1-ARC 2-ARC 3-ARC 4-ARC 5-ARC 6-ARC 7-ARC
1
2
#
wt.%
(%)
(%)
(%)
(%)
(%)
(%)
(%)
86271
10.50
0.11
0.84
5.25
3.15
0.42
0.21
0.11
1) Percent of DMSO-extractable materials (mostly PACs), determined by the PAC 2
method as described in API (2008).
2) ARC is “aromatic ring class”. “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.

Category Chemical
Result Type :
Type
Species
Sex
Strain
Route of admin.
Exposure period
Frequency of treatm.
Doses

Measured
Subchronic
Rat
Male/Female
Sprague-Dawley
Dermal
13 Weeks
Daily, 5 days/week
30, 125 and 500 mg/kg/day 10 animals/sex/dose

No. of animals/dose
Control group
Method/Guideline
followed
Year
GLP
Test substance
Post exposure period

10/sex/dose
Yes, untreated

Method/Guideline
and Test Condition
Remarks:

Animals were approximately 49 days at the initiation of dosing.

Other
1992
Yes
Heavy Atmospheric Gas Oil (HAGO); Sample 86271
None

Hair was clipped from the entire trunk of each rat as needed (at least
weekly) and the test substance was applied to the back of each animal with
a syringe. Calculated from its most recent body weight. The test substance
was spread evenly over the back of each animal with the end of the syringe.
Controls were handled in the same manner, but no material was applied to
the skin. The treated skin was left uncovered and the rats were fitted with
cardboard Elizabethan collars to minimize ingestion of the test substance.
Each Saturday morning as much residual CLGO as possible was wiped off
the animals' back with gauze pads, and the collars removed. Collars were
reapplied before dosing on the following Monday.
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Endpoints during the biophase included daily observation of clinical signs
and body weights measured weekly. Mortality and moribundity were
observed two times daily. Skin irritation was assessed weekly. Blood and
urine samples were collected from fasted rats before treatment began and
during weeks 5 and 13. Samples during week 13 were taken at sacrifice.
Measured hematological parameters were hematocrit, hemoglobin,
platelets, number and morphology of red blood cells, and the number and
differential count of white blood cells. Mean corpuscular volume (MCV) ,
mean corpuscular hemoglobin (MCH) and mean corpuscular hemoglobin
concentration (MCHC) were calculated.
The following clinical chemistry parameters were analyzed: albumin,
alkaline phosphatase, alanine aminotransferase, aspartate
aminotransferase, cholesterol, creatinine, glucose, lactate dehydrogenase,
total bilirubin, total protein, triglycerides, urea nitrogen, uric acid, calcium,
chloride, iron, phosphorus, potassium, and sodium. Urine samples were
also collected for analysis of specific gravity, pH, glucose, occult blood,
ketone bodies, albumin, urobilogen, and bilirubin. Globulin (G) and AIG ratio
were calculated.
All animals were then killed and necropsied. The following organs were
weighed: adrenals, brain, epididymides, gonads, heart, kidneys, liver,
prostate, spleen, thymus, thyroid, and uterus. Histological slides were
prepared from the following organs of both controls and animals treated
with 500 mg/kg/day: adrenals, bone and marrow, brain, eyes and optic
nerve, gonads, duodenum, colon, kidneys, liver, lung, pancreas, skin (2
sections of treated skin), spleen, stomach, thymus, thyroid, urinary bladder,
and any gross lesions. In addition, the sternum, liver and thymus from the
animals in the 30 and 125 mg/kg/day were also processed and examined.
All slides were examined microscopically by a pathologist.
Sperm evaluations from epididymis of controls and 500 mg/kg animals were
performed.
Statistical analysis: Quantitative data were analyzed by parametric
methods: analysis of variance (ANOVA) and associated F-test, followed by
Tukey's multiple comparison test (body weight, hematology, organ weight
data), provided that there was statistical significance in ANOVA. Differences
between control and treated animals were considered statistically significant
only if the probability of the differences being due to chance was less than
5% (p < 0.05).
NOAEL/LOAEL

Males:

NOEL = 30 mg/kg/day
LOEL = 125 mg/kg/day
Females: NOEL = 30 mg/kg/day
LOEL = 125 mg/kg/day
No NOAELs identified by author

Result remarks

Clinical 1 male mortality at 500 mg/kg
Skin Irritation Slight in all groups
Body weight
Weight gain ↓ (15%) in 500 mg/kg males
Hematol
Males
Females
RBC 500 mg/kg
↓ 30%
↓ 11%
125 mg/kg
↓ 8%
Hb
500 mg/kg
↓ 31%
↓ 13%
Page 178 of 363

Id Gas Oils

5. Toxicity

Date October 23, 2012

125 mg/kg
500 mg/kg
125 mg/kg
Platelets
500 mg/kg
HCT

Serum chemistry
BUN
500 mg/kg
ALT
500 mg/kg
Triglycerides
SDH 500 mg/kg
125 mg/kg
Cholesterol
500 mg/kg
125 mg/kg
Potein 500 mg/kg
A/G ratio
500 mg/kg
Globulin
500 mg/kg

↓ 9%
↓ 30%
↓ 8%

(Abs)
(Rel)

Thymus
(Rel)
Spleen (Abs)
(Rel)
Heart

(Abs)
(Rel)

Kidneys
(Rel)
Prostate
Adrenals

↓ 48%

↓ 23%

Males
↑ 31%
↓ 23%

Females
↑ 35%

↑ 124%

Organ wts
Liver

↓ 12%

↑ 106%
↑ 68%
↑ 117%
↑ 39%
↑ 11%
↓ 20%
↑ 27%
Males

Females

500 mg/kg
↑ 32%
↑ 50%
125 mg/kg
500 mg/kg
↑ 492%
↑ 56%
125 mg/kg
↑ 21%
↑ 16%
(Abs) 500 mg/kg
↓ 61%
↓ 41%
500 mg/k
↓ 55%
↓ 39%
500 mg/kg
↑ 18%
125 mg/kg
500 mg/kg
↑ 26%
↑ 23%
125 mg/kg
↑ 18%
↑ 17%
500 mg/kg
↑ 12%
500 mg/kg
↑ 17%
↑ 15%
(Abs) 500 mg/kg
500 mg/kg
↑ 11%
(Abs) 500 mg/kg
↓ 22%
(Rel) 500 mg/kg
↑ 252%

Pathology
Bone marrow: severe reduction in hematopoiesis at 500
mg/kg (10/10 males, 2/10 females)
Liver at 500 mg/kg: hypertrophy, connective tissue formation,
increased areas of hematopoeisis, focal necrosis and individual cell death
Thymus at 500 mg/kg.: reduced number of lymphocytes
NB the above effects only observed at 500 mg/kg
Sperm evaluations
No effects observed
Conclusion

Effects defining LOEL:
Male (125 mg/kg/day)
hematology changes, serum chemistry changes
Female (125 mg/kg/day)
hematology changes, serum chemistry changes

Reliability

1 – Reliable without restrictions

Reliability remarks

Similar to guideline study; sufficient detail provided in appendices and
tables.

Key study sponsor

Yes
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Reference

Mobil. 1992. Thirteen-Week Dermal Administration of Heavy Atmospheric
Gas Oil to Rats. Mobil Environmental and Health Sciences Laboratory
Report 61996.
Mobil. 1990. Characterization and Quantitation of Polynuclear Aromatics in
Heavy Atmospheric Gas Oil. Mobil Environmental and Health Sciences
Laboratory Report No. 63803 ZD.
API. 2008. PAC Analysis Task Group, “The relationship between the
aromatic ring class content and selected endpoints of repeat-dose and
developmental toxicity of high-boiling petroleum substances.”
http://www.petroleumhpv.org/pages/pac.html, accessed 31 Dec 2009.

Repeated Dose Toxicity

Test Substance
Category Chemical
(CAS #):

64741-43-1

Test Substance (CAS #):

64741-43-1; Gas Oil, intermediate (F-130)

Test Substance
Purity/Composition and
Other Test Substance
Comments :

No information available

Category Chemical
Result Type :

Measured

Type
Species
Sex
Strain
Route of admin.
Exposure period
Frequency of treatm.
Doses
No. of animals/dose
Control group
Method/Guideline
followed
Year
GLP
Test substance
Post exposure period

Repeated dose; 4 week dermal exposure
Rat
Male/female
Sprague-Dawley
Dermal
4 weeks
5 days/week (week days)
0.01, 0.10, 0.5 ml/kg/day (9.2, 92, 460 mg/kg/day)
10/sex/dose
Yes
Other

Method/Guideline
and Test Condition
Remarks:

Three groups of ten male and ten female young adult albino SpragueDawley rats were administered F-130 dermally once daily, five days per
week for four weeks, at a dose of 0.01, 0.10 or 0.50 ml/kg/day. The test
article was applied to previously clipped sites on the backs of the animals.

1992
Yes
Gas Oil, intermediate (F-130); 64741-43-1
None
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The site of application was occluded for a period of approximately six hours
following application of the test article. The skin was then wiped to remove
residual material. A fourth group of ten male and ten female rats served as
a control. The backs of the control group animals were clipped and the
occlusive wrap was applied daily, five days per week, for four weeks.
The animals were observed twice daily for signs of toxicity and viability.
Dermal irritation at the site of application was evaluated daily just prior to
the application of the test article, twenty-four hours after the fifth weekly
application and just prior to necropsy. Body weights were determined three
times per week during the study
(Mondays, Wednesdays and Fridays) and just prior to necropsy.
At the time of necropsy, blood was collected for hematology and clinical
chemistry evaluations. Measured hematological parameters were
hematocrit, hemoglobin, number of red blood cells, platelets and the
number and differential count of white blood cells. The following clinical
chemistry parameters were analyzed: albumin, alkaline phosphatase,
alanine aminotransferase, aspartate aminotransferase, cholesterol,
creatinine, glucose, total protein, triglycerides, urea nitrogen, calcium,
chloride, iron, phosphorus, potassium, and sodium, globulin (calculated),
NG ratio (calculated).
All animals were then killed and necropsied. The following organs were
weighed: adrenals, brain, kidneys, liver, testes, and ovaries. The following
organs were preserved in 10% neutral buffered formalin for possible
histological evaluation: adrenals*, aorta, cecum, cervical lymph nodes*,
esophagus, femur with articular surface, ileum*, bone and marrow, brain*,
eyes and optic nerve, gonads, heart*, duodenum*, jejunum*, mammary
glands, colon*, kidneys*, liver*, lungs* (perfused) with trachea , pancreas*,
skeletal muscle, salivary glands*, rectum*, pituitary, peripheral nerve, skin*
(untreated and treated), spinal cord, spleen*, sternum with bone marrow*,
testes*, ovaries*, stomach*, thymus*, thyroid*, parathyroid glands, uterus,
vagina, urinary bladder*, and any gross lesions. Bone marrow smears
(femur) were prepared, preserved and maintained. For the control and high
dose groups, those tissues marked with (*) were stained and sectioned for
examination by a qualified pathologist.
Clinical pathology data, terminal organ weights, and organ to body weight
ratios were statistically analyzed. Statistical evaluations of equality of
means were done by an appropriate one way analysis of variance and a
test for ordered response in the dose groups. First, Bartlett's test was
performed to determine if the dose groups have equal variance at the 1
percent level of significance. If the variances are equal, the testing were
done using parametric methods, otherwise, nonparametric techniques were
used.
For the parametric procedures, a standard one way ANOVA using the F
distribution to assess significance was used. If significant differences
among the means are indicated, Dunnett's test were used to determine
which treatment groups differ significantly from control. In addition to the
ANOVA, a standard regression analysis for linear response in the dose
groups was performed. The regression was also test for linear lack of fit in
the model.
For the nonparametric procedures, the test of equality of means were
performed using the Kruskal-Wallis test. If significant differences among the
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means were indicated, Dunn's Summed Rank test were used to determine
which treatment groups differ significantly from control. In addition to the
Kruskal-Wallis test, Jonckheere's test for monotonic trend in the dose
response was performed.
Mean Draize irritation scores were plotted by group and time. The
nonparametric procedures described above were used on this irritation data
when appropriate. Sexes were analyzed separately. All ratios were
transformed by the arc sine transformation and Cochran’s transformation to
stabilize variances. The test for equal variance (Bartlett) was conducted at
the 1% level of significance. All other tests were conducted at the 5% and
1% level of significance.
NOAEL/LOAEL

Males:

NOAEL = 460 mg/kg/day (0.5 ml/kg/day)
LOAEL = >460 mg/kg/day
Females: NOAEL = 460 mg/kg/day (0.5 ml/kg/day)
LOAEL = >460 mg/kg/day

Result remarks

Clinical:
Skin irritation:
Mortality

Slight 460 mg/kg; very slight 92 mg/kg
Males
Females
None
None
Body wt., terminal
Males
Females
No difference
No difference
Body wt., gain Males
Females
No difference
No difference
Organ weights Males
Females
Liver, rel BW
No difference
↑ at 460 mg/kg (10%)*
Hematology
Males
Females
No difference
No difference
Serum chemistry
Males
Females
No difference
No difference
Histopath (control & high dose)
No test article-related systemic findings
Testes – normal; Ovaries – normal
Note: * = not considered compound-related and/or biologically relevant by
study directors
Conclusion
Effects defining LOAEL:
Male >460 mg/kg/day (0.5 ml/kg/day)
None – highest dose tested was NOAEL for systemic effects
Female >460 mg/kg/day (0.5 ml/kg/day)
None – highest dose tested was NOAEL for systemic effects
Reliability

1 – Reliable without restrictions

Reliability remarks

Similar to guideline study; sufficient detail provided in appendices and
tables.

Key study sponsor

Yes

Reference

ARCO. 1992. Twenty-eight day dermal toxicity study in rats administered
test article F-130. Report no. ATX-90-0050.
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Repeated Dose Toxicity
TEST SUBSTANCE
Category Chemical:
Test Substance:

64741-59-9

Test Substance
Purity/Composition
and Other Test Substance
Comments:

Light Catalytic Cracked Oil (CRU No. 010903) 189-350 C
80.9% total aromatics [35.3% mono-, 45.7% poly-aromatics] analyzed by
supercritical fluid chromatography (ASTM D5186).
PAC (Polycyclic Aromatic Compound) Content
Sample
DMSO 12345671
#
wt.%
ARC
ARC
ARC
ARC
ARC
ARC
ARC
2
(%)
(%)
(%)
(%)
(%)
(%)
(%)
010903
32.5
3.3
19.5
9.8
0.00
0.00
0.00
0.00
1) Percent of DMSO-extractable PACs, determined by the PAC 2 method as
described in API (2008).
2) ARC is “aromatic ring class”. “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.

64741-59-9; Light Cycle Oil (LCO); Catalytically Cracked Distillates, Light

Category Chemical Result
Type :

0

Measured

Type
Species
Sex
Strain
Route of admin.
Exposure period
Frequency of treatm.
Doses
No. of animals/dose

:
:
:
:
:
:
:
:
:

Subchronic
Rat
Male/Female
Sprague-Dawley Charles River Laboratories, Portage MI
Dermal
13 Weeks [90 days]
Daily, 5 days/week
0, 100, 450, 750 mg/kg/day
10 animals/sex/dose

Control group
Method/Guideline
followed
Year
GLP
Test substance
Post exposure period

:
:
:
:
:
:
:

Yes, untreated [10M, 10F]; USP Mineral oil [10M, 10F] 1.5mL/kg
OPPTS Guideline 870.3250, 40 CFR 798.2250
OECD Guideline 411
2012
Yes
Light catalytic cracked oil (LCCO) sample 010903
None

Method/Guideline
and Test Condition
Remarks:

:

Animals were housed for a 13 day acclimation /pretest period, observed twice daily
®
for mortality and clinical signs. Each animal was uniquely identified by a Monel
metal ear tag displaying the permanent identification number. Animals were
acclimated to wearing Elizabethan collars on an incremental basis, starting with
approximately 1 hour and ending with approximately 24 hours of acclimation, for
approximately 1 week prior to the initiation of dose application: Animals were
approximately 8 weeks old at the initiation of dosing. Body weights were: Males
199 – 246g; Females 148 -190g for females. Animals were housed individually
with 12hr light /12hr dark light cycle and received food and water ad libitum The
room temperature and humidity controls were set to maintain environmental
conditions of 71 ± 5°F (22 ± 3°C) and 50 ± 20%, respectively
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Prior to the initiation of dose administration, and throughout the study as necessary,
the hair was clipped from the back (down each side to the ventral surface) and
flanks of each animal using an electric clipper; a different set of clippers was used
for the sham control group, the vehicle control group, and the test substancetreated groups to avoid potential cross-contamination. Animals were assigned to
study groups using a computerized randomization procedure based on body weight
stratification in a block design. Doses were based on a 14 day preliminary range
finding study at dosage levels of 0, 25, 100, 300 and 1440mg/kg day conducted to
assess the potential for dermal irritation. All rats survived and dermal irritation was
seen at the highest doses. The highest dose selected for the 13 week study was
expected to produce dermal irritation but not at levels that were anticipated to
cause excessive discomfort to the animals or to otherwise compromise the
technical objectives of the studies.
Vehicle or test substance was applied evenly to the clipped, unabraded area of skin
and spread evenly using a glass rod (to ensure contact with an area of
approximately 10% of the body surface area) once daily at doses of 0, 100, 450
and 750mg/kg/day 5-days/week for a minimum 90-day treatment period. No
vehicle was applied to the sham control group. All animals wore Elizabethan
collars during each 5-day dosing period. At the end of each dosing day, after an
approximate 6-hour exposure period, all animals were gently wiped with a paper
towel to remove unabsorbed test substance. At the end of each 5-day dosing
period, residual test substance was gently removed (as much as possible without
inducing irritation of the skin) from all animals using a warm water and mild soap
solution (1% Ivory liquid soap in tap water) followed by a deionized water rinse and
drying of the animals with a clean paper towel. Following each wash procedure, all
animals were transferred to clean cages and the collars removed for a 2-day
nondosing period. The mean area of coverage was 10% for males and females in
the test substance-treated groups.
All animals were checked twice daily for general condition. Detailed physical
examinations, body weight and food consumption measurements were done on a
weekly basis. The sites of dose application were examined for dermal effects
which were scored following the method given in Weil and Scala (1971).
Samples for clinical pathology (hematology, coagulation and serum chemistry)
were taken from all surviving animals. The animals were fasted overnight prior to
blood collection. The animals were euthanized by inhalation of isoflurane, and the
blood samples were taken from the vena cava as part of the gross necropsy.
Parameters evaluated for hematology and coagulation included: total leukocyte
count (WBC), erythrocyte count (RBC), hemoglobin (HGB), hematocrit (HCT),
mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean
corpuscular hemoglobin concentration (MCHC), platelet count, prothrombin time,
activated partial thromboplastin time, reticulocyte count (percent, absolute,
differential leukocyte count (percent and absolute: neutrophil, lymphocyte,
monocyte, eosinophil, basophil, large unstained cell), red cell distribution width,
hemoglobin distribution width, platelet estimate and red blood cell morphology. The
serum chemistry measurements included: albumin, total protein, globulin [by
calculation], albumin/globulin ratio, total bilirubin, urea nitrogen, creatinine, alkaline
phosphatase, alanine aminotransferase, aspartate aminotransferase, gamma
glutamyltransferase, glucose, total cholesterol, calcium, chloride, phosphorus,
potassium, sodium, triglycerides and sorbitol dehydrogenase.
A complete necropsy was conducted on all animals. Animals at the scheduled
necropsy were anesthetized by isoflurane inhalation and euthanized by
exsanguination. The animal in extremis was euthanized by carbon dioxide
inhalation. After sacrifice, organs were taken for weight and/or histological
measurements included: adrenals, aorta, bone with marrow, femur with joint, bone
marrow smear (sternum), brain (3 sections), cervix, epididymides, eyes with optic
nerve, gastrointestinal tract (esophagus, stomach, duodenum, jejunum, ileum,
Page 184 of 363

Id Gas Oils

5. Toxicity

Date October 23, 2012

cecum, colon, rectum), heart, kidneys, lacrimal gland, liver (sections of 2 lobes),
lungs (including bronchi), lymph nodes (axillary, mandibular, mesenteric), ovaries
with oviducts, pancreas, peripheral nerve (sciatic), pituitary, prostate, salivary
glands, seminal vesicles, skeletal muscle, skin (with mammary gland), skin (treated
and untreated skin from areas of dose application), spinal cord (cervical, thoracic,
lumbar), spleen, testes, thymus, thyroid (with parathyroid), trachea, urinary bladder,
uterus, vagina, and gross lesions. Weights were taken for the following organs:
adrenals, brain, epididymides, heart, kidneys, liver, ovaries with oviducts, pituitary,
prostate, spleen, testes, thymus, thyroid with parathyroid, and uterus. Slides were
prepared from protocol specified tissue and stained with hematoxylin-eosin for
microscopic examination.
Statistics: Body weight, body weight change, food consumption, clinical pathology
(except gamma glutamyltransferase [GGT]), and organ weight (absolute and
relative) data for the vehicle control group (Group 2) and all test substance-treated
groups (Groups 3-5) were subjected to a one-way analysis of variance to
determine intergroup differences. If the ANOVA revealed statistically significant
(p<0.05) intergroup variance, Dunnett's test was used to compare the test
substance-treated groups (Groups 3-5) to the vehicle control group (Group 2). The
vehicle control group (Group 2) data were evaluated using the Student’s t-Test and
compared to the sham control group (Group 1) at a 95% confidence level (p <
0.05). Analyses were conducted using two-tailed tests (except as noted otherwise)
for minimum significance levels of 1% and 5%, comparing each test substancetreated group to the control group by sex. GGT values under range were assigned
a value of 0.1 (half the lower limit of quantitation) for statistical analysis and
reporting. GGT data were subjected to the Kruskal-Wallis nonparametric ANOVA
test to determine intergroup differences. If the ANOVA revealed significance
(p<0.05), Dunn’s test was used to compare the test substance-treated groups
(Groups 3-5) to the vehicle control group (Group 2). In addition, the sham control
group (Group 1) and vehicle control group (Group 2) were compared using a
separate Kruskal-Wallis nonparametric ANOVA test.
NOAEL/LOAEL

:

NOAEL [No observed adverse effect level] = 100mg/kg/day - both sexes
LOAEL [Lowest observed adverse effect level] = 450mg/kg/day - both sexes
Although the study report indicated that a no effect level could not be established
due to decreased statistically significant absolute eospinophil counts in males at
100mg/kg, this effect was not considered toxicologically significant by the reviewer
based on all other hematologic data.

Result remarks

:

Two of the rats died prior to scheduled termination; a male rat from the 750 mg/kg/day
group was sacrificed in extremis due to a broken leg on study day 50 and a male rat
from the 450 mg/kg/day group was found dead on study day 69. Neither of these
deaths was considered to have been treatment-related. There were no test-materialrelated clinical observations during the study and the dermal observations were limited
to slight erythema which was not considered to be treatment-related as similar
observations were made in control and treatment groups. Body weight gains were
reduced, and, by termination, the body weights of both males and females in the high
dose group were significantly below control values [17.8% lower in males; 9.5% lower
in females].
Hematology: Statistically significant reductions in red blood cell counts, hemoglobin
content and hematocrit. When differences were found they were often significant in
the 750 mg/kg/day groups but in some cases significant differences were also
apparent at the 450 mg/kg/day treatment levels. The combination of lower RBC
counts and lower HGB, HCT, MCV, and MCH values along with higher red cell and
hemoglobin distribution width [RDW, HDW] in 450mg/kg males and males and
females at 750mg/kg and higher reticulocyte counts in 750mg/kg males indicated
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the presence of a regenerative anemia. Although statistical differences were found
in other parameters, particular note was taken of the reductions in eosinophil counts
which were significantly reduced in both male and female rats in the 450 and 750
mg/kg/day group and also reduced but not significantly different in the 100
mg/kg/day male group.
Table 1. Hematologic parameters
Females
Parameter
Mineral Oil
Control
3
WBC (10 /uL)
9.72 + 1.96
6
RBC (10 /uL)
8.27 + 0.47
HGB (g/dL)

14.9 + 0.59

14.8 + 0.70

14.6 + 0.74

HCT (%)

43.7 + 2.25

43.9 + 2.07

43.0 + 2.32

MCV (fL)

54.0 + 0.8

53.4 + 1.7

MCH (pg)

18.3 + 0.32

18.0 + 0.56

MCHC (g/dL)
Neutrophils (%)
Lymphocytes (%)
Monocytes (%)
Eosinophils
(%)
Basophils (%)
3
Neutrophils (10 /ul)
Lymphocytes
3
(10 /ul)
3
Monocytes (10 /ul)
3
Eosinophils (10 /ul)

33.8 + 0.64
15.0 + 3.42
79.9 + 3.5
2.7 + 0.8

33.6 + 0.47
14.5 + 5.42
80.5 + 4.96
2.6 + 0.6

51.8 + 1.1*
17.6 +
0.42*
33.9 + 0.63
17.5 + 7.57
77.4 + 8.36
3.0 + 1.0

750
mg/kg/d
8.97 + 2.32
7.67 + 0.61
13.4 +
**
0.68
39.7 +
**
2.31
51.9 + 2.0
17.5 +
0.81**
33.8 + 0.51
18.7 + 7.45
76.9 + 8.00
2.4 + 0.9

1.0 + 0.3

0.9 + 0.3

0.5 + 0.2

0.4 + 0.2**

0.5 + 0.2
1.45 + 0.44
7.78 + 1.62

0.4 + 0.1
1.16 + 0.44
6.47 + 1.17

0.5 + 0.2
1.52 + 0.81
6.78 + 1.69

0.4 + 0.2
1.78 + 1.08
6.79 + 1.35

0.26 + 0.08
0.10 + 0.03

0.21 + 0.05
0.7 + 0.03

0.04 + 0.01
0.09 + 0.06
Males
Mineral Oil
Control

0.04 + 0.01
0.08 + 0.03

0.26 + 0.12
0.04 +
**
0.02
0.04 + 0.02
0.10 + 0.04

0.22 + 0.12
0.04 +
**
0.03
0.04 + 0.02
0.11 + 0.06

450
mg/kg/d

750
mg/kg/d

10.9 + 3.43

9.88 + 3.20

8.16 + 0.35

8.14 +
**
0.57
13.9 +
**
0.99
42.3 +
2.92**
52.7 + 1.83
17.1 + 0.58
32.9 + 0.55
19.2 + 7.65
77.4 + 8.3
1.9 + 0.5

3

Basophils (10 /ul)
3
Leukocytes (10 /ul)
Parameter
3

WBC (10 /uL)

13.25 + 3.80

6

100
mg/kg/d
8.03 + 1.30
8.10 + 0.45

450
mg/kg/d
8.74 + 1.87
8.22 + 0.31

100
mg/kg/d
11.05 +
1.84

RBC (10 /uL)

9.03 + 0.47

8.88 + 42

HGB (g/dL)

15.2 + 0.80

15.1 + 0.66

HCT (%)

46.5 + 2.82

46.1 + 2.80

MCV (fL)
MCH (pg)
MCHC (g/dL)
Neutrophils (%)
Lymphocytes (%)
Monocytes (%)
Eosinophils
(%)
Basophils (%)
3
Neutrophils (10 /ul)

51.5 + 2.09
16.8 + 0.74
32.7 + 0.49
21.8 + 3.96
73.0 + 5.0
2.7 + 0.9

51.9 + 1.57
17.1 + 0.42
32.9 + 0.66
17.8 + 4.59
77.6 + 5.5
2.7 + 0.8

42.2 +
2.37**
52.0 + 1.50
17.3 + 0.49
33.4 + 0.63
18.3 + 6.34
76.8 + 7.1
2.8 + 1.1

1.0 + 0.4

0.7 + 0.2

0.4 + 0.2*

0.3+0.2**

0.4 + 0.2
2.85 + 0.68

0.5 + 0.2
2.00 + 0.68

0.4 + 0.1
1.97 + 0.81

0.4 + 0.1
1.96 + 1.36
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Lymphocytes
3
(10 /ul)
3
Monocytes (10 /ul)
3
Eosinophils (10 /ul)

9.74 + 2.54

8.53 + 1.30

8.45 + 3.04

0.36 + 0.11
0.13 + 0.06

0.30 + 0.12
0.08 +
*
0.03
0.06 + 0.03
0.08 + 0.05

0.30 + 0.10
**
0.05+ 0.03

3

Basophils (10 /ul)
0.06 + 0.02
3
Leukocytes (10 /ul) 0.13 + 0.10
* Significant at p= 0.05 [Dunnett’s test
[Dunnett’s test]

7.56 + 2.01

0.18 + 0.08
0.04 +
**
0.04
0.05 + 0.02 0.04 + 0.01
0.12 + 0.08 0.09 + 0.10
** Significant at p = 0.01

Serum chemistry: Treatment-related increases in urea nitrogen, albumin, A/G ratio,
cholesterol, GGT and creatinine levels and lower globulin and chloride levels.
However, although these differences were statistically significant, they were small
and within the historical ranges of the laboratory. None of the differences in the
clinical chemistry investigation was considered to have been toxicologically
important.
Ophthalmology: No ophthalmic lesions indicative of toxicity were observed in any of
the test substance-treated groups. All findings observed were typical in prevalence
and appearance for laboratory rats of this age and strain
Organ weights and histopathology: Increases in adrenal and liver weights and
relative weights at 450 and 750mg/kg were significant and considered to have been
treatment-related. Absolute adrenal weights of males were elevated 8.5% and
10.7% at mid and high doses compared to controls and were statistically
significantly higher relative to terminal body weights at these doses; in females
adrenal weights were 6.4% and 15.1% higher compared to untreated controls but
only the high dose was statistically significantly higher relative to terminal body
weight. Absolute liver weights in males were statistically significantly higher at
17.1% mid dose and 11.4% high dose compared to controls and were statistically
significantly higher relative to both terminal body weights and brain weight as both
doses; in females absolute liver weights were statistically significantly higher at
30.1% compared to untreated controls at 750mg/kg and increased by 20.1% at
450mg/kg, and both dose groups were statistically significantly higher relative to
terminal body weight and brain weights.
However, none of the weight differences was correlated with histological changes.
No adverse effects were seen in organ weights or morphology of reproductive
organs. The only pathological findings were reports of epithelial hyperplasia and
hyperkeratosis associated with chronic-active inflammation in the non-glandular
stomach of one female from the 750 mg/kg/day group and in the tail, ear and paws
of another. As these pathological findings were incidental, the relationship to
treatment was unclear.
Conclusion

NOAEL = 100mg/kg both sexes
Effects defining LOAEL: = 450mg/kg
↓ body weight, ↑Adrenal (rel); ↑Liver wt (absolute, rel) and ; changes in hematology
parameters
Although the study report indicated that a no effect level could not be established
due to decreased statistically significant absolute eospinophil counts in males at
100mg/kg, this effect was not considered toxicologically significant by the reviewer
based on all other hematologic data.

Reliability

:

1 – Reliable without restrictions

Reliability remarks

:

Conforms to standard US and OECD guidelines and GLPs. Sufficient detail
provided in appendices and tables.
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Key study sponsor

:

Yes

Reference

:

WIL Laboratories 2012. A 90-Day Repeat-Dose Dermal Toxicity Study Utilizing
Distillates (Petroleum), Light Catalytic Cracked in Sprague Dawley Rats. WIL Study
# 402024. WIL Research Laboratories, LLC. 1407 George Road, Ashland, OH
44805-8946
API. 2008. PAC Analysis Task Group, “The relationship between the aromatic ring
class content and selected endpoints of repeat-dose and developmental toxicity of
high-boiling petroleum substances.” http://www.petroleumhpv.org/pages/pac.html,
accessed 31 Dec 2009.
Weil C, Scala R. Study of intra- and interlaboratory variability in the results of rabbit
eye and skin irritation tests. Toxicology and Applied Pharmacology 19:276-360.

Repeated Dose Toxicity
TEST SUBSTANCE
Category Chemical:
Test Substance:

68334-30-5

Test Substance
Purity/Composition
and Other Test Substance
Comments:

Ultralow Sulfur Diesel Fuel (CRU No. 120801) 170-325 C. Blend of 7 diesel
fuels

68334-30-5; Ultralow Sulfur Diesel Fuel [ULSD]
0

26.4% total aromatics [21.8% mono-, 4.6% poly-aromatics] and 73% n-, iso-,
and cyclo-paraffins analyzed by supercritical fluid chromatography (ASTM
D5186).
PAC (Polycyclic Aromatic Compound) Content
DMSO 12345671
wt.%
ARC ARC ARC ARC ARC ARC ARC
2
(%)
(%)
(%)
(%)
(%)
(%)
(%)
120801 2.8
0.1
2.2
0.6
0.00
0.00
0.00
0.00
1) Percent of DMSO-extractable PACs, determined by the PAC 2 method
as described in API (2008).
2) ARC is “aromatic ring class”. “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.
Sample
#

Category Chemical Result Type :

Measured

Type
Species
Sex
Strain
Route of admin.
Exposure period
Frequency of treatm.
Doses
No. of animals/dose

:
:
:
:
:
:
:
:
:

Subchronic
Rat
Male/Female
Sprague-Dawley Charles River Laboratories, Portage MI
Dermal
13 Weeks [90 days]
Daily, 5 days/week
0, 100, 300, 600 mg/kg/day
10 animals/sex/dose

Control group
Method/Guideline
followed
Year

:
:
:
:

Yes, untreated [10M, 10F]; USP Mineral oil [10M, 10F] 1.5mL/kg
OPPTS Guideline 870.3250, 40 CFR 798.2250
OECD Guideline 411
2012
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GLP
Test substance
Post exposure period

: Yes
: Ultralow Sulfur Diesel Fuelsample 120801
: None

Method/Guideline
and Test Condition
Remarks:

:
Prior to the initiation of dose administration, and throughout the study as
necessary, the hair was clipped from the back (down each side to the
ventral surface) and flanks of each animal using an electric clipper; a
different set of clippers was used for the sham control group, the vehicle
control group, and the test substance-treated groups to avoid potential
cross-contamination. Animals were assigned to study groups using a
computerized randomization procedure based on body weight
stratification in a block design. Doses were based on preliminary range
finding studies that were conducted to assess the potential for dermal
irritation. Results from a previous 14-day range-finding dermal toxicity
study at dosage levels of 100, 300, 1000, and 1290 mg/kg/day showed
test substance-related lethality of all animals in the 1000 and 1290
mg/kg/day groups. The highest dose selected for the 13 week study
was expected to produce dermal irritation but not at levels that were
anticipated to cause excessive discomfort to the animals or to otherwise
compromise the technical objectives of the studies.
All animals were checked twice daily for general condition. Detailed
physical examinations, body weight and food consumption
measurements were done on a weekly basis. The sites of dose
application were examined for dermal effects which were scored
following the method given in Weil and Scala (1971).
Samples for clinical pathology (hematology, coagulation and serum
chemistry) were taken from all animals. The animals were fasted
overnight prior to blood collection. The animals were euthanized by
inhalation of isoflurane, and the blood samples were taken from the
vena cava as part of the gross necropsy. Parameters evaluated for
hematology and coagulation included: total leukocyte count (WBC),
erythrocyte count (RBC), hemoglobin (HGB), hematocrit (HCT), mean
corpuscular volume (MCV), mean corpuscular hemoglobin (MCH),
mean corpuscular hemoglobin concentration (MCHC), platelet count,
prothrombin time, activated partial thromboplastin time, reticulocyte
count (percent, absolute, differential leukocyte count (percent and
absolute: neutrophil, lymphocyte, monocyte, eosinophil, basophil, large
unstained cell), red cell distribution width, hemoglobin distribution width,
platelet estimate and red blood cell morphology. The serum chemistry
measurements included: albumin, total protein, globulin [by calculation],
albumin/globulin ratio, total bilirubin, urea nitrogen, creatinine, alkaline
phosphatase, alanine aminotransferase, aspartate aminotransferase,
gamma glutamyltransferase, glucose, total cholesterol, calcium,
chloride, phosphorus, potassium, sodium, triglycerides and sorbitol
dehydrogenase.
A complete necropsy was conducted on all animals. Animals at the
scheduled necropsy were anesthetized by isoflurane inhalation and
euthanized by exsanguination. The animal in extremis was euthanized
by carbon dioxide inhalation. After sacrifice, organs were taken for
weight and/or histological measurements included: adrenals, aorta,
bone with marrow, femur with joint, bone marrow smear (sternum),
brain (3 sections), cervix, epididymides, eyes with optic nerve,
gastrointestinal tract (esophagus, stomach, duodenum, jejunum, ileum,
cecum, colon, rectum), heart, kidneys, lacrimal gland, liver (sections of
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2 lobes), lungs (including bronchi), lymph nodes (axillary, mandibular,
mesenteric), ovaries with oviducts, pancreas, peripheral nerve (sciatic),
pituitary, prostate, salivary glands, seminal vesicles, skeletal muscle,
skin (with mammary gland), skin (treated and untreated skin from areas
of dose application), spinal cord (cervical, thoracic, lumbar), spleen,
testes, thymus, thyroid (with parathyroid), trachea, urinary bladder,
uterus, vagina, and gross lesions. Weights were taken for the following
organs: adrenals, brain, epididymides, heart, kidneys, liver, ovaries with
oviducts, pituitary, prostate, spleen, testes, thymus, thyroid with
parathyroid, and uterus. Slides were prepared from protocol specified
tissue and stained with hematoxylin-eosin for microscopic examination.

NOEL/LOEL

: NOAEL [No observed effect level] = 600mg/kg/day – highest dose
tested

Result remarks

: All of the rats survived to scheduled termination with little evidence
during the study of treatment-related effects. There were no effects on
body weight or body weight gain (initial and terminal body weights) and
no test substance-related clinical observations. There was some
evidence of dermal irritation, and the incidence of the findings increased
with dose, but even in the highest dose group, the observations were
largely limited to slight erythema, slight edema and desquamation.
None of the hematological parameters was affected by treatment. The
only statistically significant finding in the serum chemistry measurements
was a significant increase in the albumin/globulin ratio in the high dose
males. This finding was not considered to be toxicologically important
because it was similar to the untreated control values. The
albumin/globulin ratio results for male rats were:
Albumin/Globulin Results in Males treated with ULSD for 90 days
Parameter
Albumin
(g/dL)
Globulin
(g/dL)
Albumin
/globulin
Ratio

Untreated
controls

Vehicle
controls

100mg/kg/
d

300mg/kg
/d

600mg/kg/d

3.9 ± 0.39

3.8 ± 0.26

4.0 ± 0.42

3.8 ± 0.23

3.9 ± 0.22

2.3 ± 0.27

2.8 ± 0.44

2.7 ± 0.40

2.6 ± 0.22

2.4 ± 0.28

1.66 ±
0.16

1.39 ±
0.22

1.49 ±
0.15

1.48 ±
0.14

1.63 ± 0.19 *

* p < 0.05 compared to mineral oil control

There were no treatment-related gross observations, no differences in
weights of target organs, and no pathological findings other than those
associated with dermal application of test material.
Conclusion

NOAEL = 600mg/kg both sexes, highest dose tested

Reliability

: 1 – Reliable without restrictions

Reliability remarks

: Conforms to standard US and OECD guidelines and GLPs. Sufficient
detail provided in appendices and tables.

Key study sponsor

: Yes

Reference

: WIL Laboratories 2012. A 90-Day Repeat-Dose Dermal Toxicity Study
Utilizing Ultra-Low Sulfur Diesel Fuel in Sprague Dawley Rats. WIL Study #
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402025. WIL Research Laboratories, LLC. 1407 George Road, Ashland, OH
44805-8946
API. 2008. PAC Analysis Task Group, “The relationship between the
aromatic ring class content and selected endpoints of repeat-dose and
developmental toxicity of high-boiling petroleum substances.”
http://www.petroleumhpv.org/pages/pac.html, accessed 31 Dec 2009.
Weil C, Scala R. Study of intra- and interlaboratory variability in the results of
rabbit eye and skin irritation tests. Toxicology and Applied Pharmacology
19:276-360.

5.5

GENETIC TOXICITY ‘IN VITRO‘

Type
System of testing
Test concentration
Metabolic activation
Year
GLP
Test substance

:
:
:
:
:
:
:

Modified Ames bioassay
S. Typhimurium Strain TA98
1 to 60 µl
With and without
1991
No data
14 DGMK samples of gas oil (DMK 1-14 inc) See section 1.1.1.

Method

:

A modified Salmonella mutagenicity assay was performed at the Mobil
Environmental and Health Science Laboratory. The technique that was
used has been described fully elsewhere (Blackburn et al 1984 & 1986).

Result

:

The middle distillate samples (2 ml) were dissolved in cyclohexane and the
solution was then extracted with DMSO (10 ml). These extracts were
tested in Salmonella typhimurium strain TA98.
The concentrations of DMSO extract used were: 60, 50, 40, 30, 20 15, 10
and 5 µl/60 µl. Extra concentrations were used for some assays.
Positive controls were 2.0 µg 2-aminoanthracene, 10.0 µg benzo(a)pyrene
and 25 µg 2-nitrofluorene in 50 µl DMSO per bacterial plate.
Metabolic activation was accomplished by using an eight-fold higher
concentration of the liver S9 fraction obtained from Arachlor-induced Syrian
Hamsters rather than rats.
NADP cofactor was also increased from the normal 4 to 8 mM.
A mutagenicity index (MI) was calculated, which represented the slope of
the dose response curve for each of the samples.
Previous studies have established that materials with an MI of less than or
equal to 1.0 have not been associated with a tumorigenic response in skin
painting bioassays, whereas those materials with an MI greater than 1.0
have been associated with a tumorigenic response.
The MIs for the 14 middle distillate samples were:
Sample

PAC
content*
Predominantly aromatic
10
8.3
7
11.3
14
5.4
Predominantly saturates
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6**
13**
12**
9
5
2**
4
3
8
1
11**

Test substance

:

4.2
2.4
3.7
4
4.7
4
1.4
2.8
4
1.8
1

4
2.3
3.1
4
1.4
1.3
0.7
1
2.1
0.8
0.7

48.3
46.9
42.6
42.5
33.9
32.6
29.3
28.1
27
23.6
21

* Total weight % PAC
** Sample contains olefins
A total of 24 samples were tested in this study as follows.
Straight run gas oils
Samples 1 - 5 inc.
Cracked gas oils
Samples 6 - 14 inc.
Light fuel oil
Samples 15 - 21 inc
Diesel fuel
Samples 22 - 24
This summary only includes the results on the gas oils (samples 1-14 inc).
Results of the studies on the fuels (samples 15-24 inc) are summarized in
the robust summaries on distillate fuels.
(1) valid without restriction
(41) (42) (46)

Reliability

:

Type
System of testing
Test concentration
Metabolic activation
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:

Mouse lymphoma assay
Forward mutation assay using cell line L5178Y TK+/5 to 80 nl/ml without activation and 2.5 to 30 nl/ml with activation
With and without
OECD Guide-line 476
1985
Yes
API 83-07 (See section 1.1.1.)

Method

:

The test material was dissolved in ethanol for this assay.
Two positive control substances were used viz ethyl methane sulphonate
(EMS) at concentrations of 0.25 & 0.4 µl/ml and 3-methylcholanthrene
(MCA) at concentrations of 2.5 & 4.0 µg/ml.
A cytotoxicity study carried out prior to the mutagenicity assay established
that the sample was highly toxic at 62.5 nl/ml without activation and lethal
at the same concentration in the presence of metabolic activation.

Result

:

For the mutation assay the lymphoma cells were exposed for 4 hours to
test material at dose levels up to 120 nl/ml without activation and up to 60
nl/ml with S-9 activation.
After exposure to the test material, the cells were allowed to recover for 2
days and then cultures were selected for cloning and mutant selection.
Plates containing colonies of selected cells were incubated for 10 to 14
days after which they were scored for total number of colonies per plate. A
mutation frequency was then determined.
After the 2 day recovery period, seven non-activated cultures and seven
S-9 activated cultures were cloned based on their degree of toxicity. The
mutant frequencies and the percentage total growth at each of the test
concentrations is summarized in the ollowing table.
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Concentration Mutant
(nl/ml)
frequency

Relative
growth %

Non-Activated
5
34
34.2
15
19.1
67.5
30
32.2
81.1
40
21.9
153.8
50
18.9
55.5
60
41.8
33.8
80
Excessive toxicity, treatment not cloned
Solvent 1
33.5
100
Solvent 2
19.2
100
Solvent 3
30.1
100
EMS 0.25 µl/ml
426.1
38.2
EMS 0.4 µl/ml
570.2
58.3
S-9 Activated
2.5
52.5
66.2
5
67
74.8
10
158.5
64.8
15
198.5
22.3
20
207.6
12.8
25
255.3
6.7
30
Excessive toxicity, treatment not cloned
Solvent 1
48
100
Solvent 2
56.5
100
Solvent 3
55.7
100
MCA 2.5 µg/ml
209.3
78
MCA 4 µg/ml
411.2
33.1
According to the criteria used by the authors to judge the activity of the test
material, the sample produced a positive response in the presence of S-9
activation but was not mutagenic in the absence of activation.
(1) valid without restriction
(23)

Reliability

:

Type
Test substance

:
:

Mouse lymphoma assay
other TS: various gas oils (see section 1.1.1.)

Result

:

Mouse Lymphoma assays have been carried out on 6 different PI samples,
including API 83-07. Te results for all API samples are summarized below.
API sample Result
Predominantly aromatic samples
83-07
Positive with S9 activation
Negative without S9 activation
(Ref API 32-32167)
83-08

Positive with and without S9 activation
(Ref API 32-31709)

81-10 (Aromatic fraction)
Negative with and without S9 activation
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(Ref API 34-32644)
Predominantly saturates
83-11
Laboratory 1 (Ref API 32-32166)
Positive with S9 activation
Negative without S9 activation
Laboratory 2 (Ref API 32-31768)
Positive with and without S9 activation
81-09

Positive only at high toxicity without S9
activation (Ref API 32-30965)

81-10

Test 1 (Ref API 32-30535)
Positive at moderate to high toxicity with S9 activation only
Test 2 (Ref API 33-31224)
Weakly positive with and without S9 activation
Test 3 (Ref 34-32643)
Positive with S9 activation only

Saturates fraction (Ref API 34-32645)
Negative with and without S9 activation
(12) (20) (21) (22) (23) (24) (28) (31) (32) (33)
Type
System of testing
Test concentration
Metabolic activation
Result
Year
GLP
Test substance

:
:
:
:
:
:
:
:

Sister chromatid exchange assay
Chinese Hamster Ovary Cells (CHO)
0.1 to 1000 µg/ml
With and without
Ambiguous
1988
Yes
API 83-07 (See section 1.1.1.)

Method

:

A cytotoxicity study was performed in order to select dose levels for the
SCE assay.
For the SCE assay CHO cells were seeded in duplicate for each treatment
condition and were incubated at 37°C in a humidified atmosphere for 16 to
24 hours. Treatment was carried out by refeeding two complete sets of
flasks with complete medium for the non activation study or with S-9
reaction mixture for the activated study to which was added 50 µl of dosing
solution of test control or article in solvent or solvent alone. In the non
activation study the cells were exposed for about 26 hours. Two hours after
exposure 0.01 mM BrdUrd was added to the treatment medium. At the end
of the treatment period, the treatment medium was removed, the cells
rinsed and then exposed to colcemid (0.1 µg/ml) for a further 2 hours. In
the activation study exposure was for 2 hours. After the exposure period,
the treatment medium was removed, the cells were washed re-fed with
medium containing BrdUrd and then incubated for a further 26 hours.
Colcemid was added for the last 2 hours of incubation.
For activated and non activated assays metaphase cells were harvested 2
hours after addition of colcemid. Cells were collected and fixed and stored
until slides were prepared.
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Slides were coded and scored without regard to treatment group. Only
cells with 20 ± 2 centromeres were selected for evaluation of SCEs. A total
of 4 doses were scored including the highest test article dose where
sufficient second-division metaphase cells wee available. SCEs were
scored in 25 cells from each duplicate culture to make up a total of 50 cells
per treatment. The percentage of cells in first (M1), second (M2) or third
division (M3) metaphase was also recorded for a total of 100 metaphase
cells scored. TEM was used as positive control at a concentration of 0.025
µg/ml. in the non activated assay. In the activated assay CP was used as
a positive control at a concentration of 2.5 µg/ml.
A test was deemed valid if the mean SCE/cell in the untreated control did
not exceed 13 and the mean SCE/cell for the positive control was at least
double that of the negative control.

Remark

:

Result

:

A test material is considered positive if it induces a doubling in SCE
frequency over the solvent control at a minimum of three consecutive dose
levels or if a dose responsive and statistically significant increase is
observed over a minimum of 3 dose levels.
In a separate Sister Chromatid Exchange assay, Sample API
81-10 (sample containing predominantly saturates) was negative without
S9 activation. When tested with S9 activation, the result was equivocal and
there was no dose relationship. (Ref API 35-32433)
In the non-activation assay the two highest dose levels could not be
evaluated due to severe cell delay and the absence of scorable seconddivision metaphase cells. Since only two dose levels were scorable and
they were both significantly greater than the solvent controls. A repeat
study was conducted but at dose levels of 2.5, 5, 10, 20 and 30 µg/ml.
However, only the four highest doses were scored for SCEs. The results of
both studies are summarized below.
Statistically significant differences are indicated:
*
P less than or equal to 0.05 by Student's t test
**
P less than or equal to 0.01 by Student's t test
Treatment/Replicate SCEs/
Group mean
chromosome SCEs/cell
Non-activation assay (FIRST study)
Untreated cells A
B
Acetone
A
B
API 83-07

0.51
0.61
0.62
0.58

10 µg/ml

0.61
0.78
13.68 ±4.43**
0.65
0.7
13.26 ±3.95*
Not determined
Not reported
Not determined
Not determined
3.06
3.49
63.86±13.07**

20 µg/ml
40 µg/ml
80 µg/ml
TEM

A
B
A
B
A
B
A
B
A
B
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Non-activation assay (REPEAT study)
Untreated cells A
0.55
B
0.55
10.74 +/-3.02
Acetone
API 83-07
5 µg/ml
10 µg/ml
20 µg/ml
30 µg/ml
TEM

A
B

0.57
0.59

A
B
A
B
A
B
A
B
A
B

0.60
0.49
0.57
0.60
0.63
0.57
0.75
0.63
1.60
1.57

11.42 +/-3.49

10.70 +/-3.33
11.52 +/-3.56
11.76 +/-2.79
13.40 +/-4.84*
31.00 +/-6.38**

In the repeat study the frequency of SCEs was significantly greater than
the solvent controls in the high dose only.
The results from the activation assay were as follows:
Activation assay
Untreated cells A
B
Solvent
A
B
API 83-07
10 µg/ml
A
B
20 µg/ml
A
B
40 µg/ml
A
B
40 µg/ml
A
B
80 µg/ml
A
B
Cyclophosphamide A
B

Conclusion

:

0.62
0.62
0.67
0.67
0.76
0.76
0.65
0.71
0.67
0.80
0.82
0.77
0.82
0.77
1.57
1.63

12.20 +/-3.99
13.16 +/-3.88

14.86 +/-4.60*
13.44 +/-3.36
14.60 +/-4.13*
15.58 +/-4.34**
15.58 +/-6.34**
31.56 +/-6.34**

In this assay the increases in frequency of SCEs at all but one dose level
were significantly greater than that for the solvent controls.
The authors concluded: The positive and negative controls fulfilled the
requirements for a valid test.
Under the conditions described in the report, API 83-07 did induce an
increase in SCEs in CHO cells at one or two concentrations in two
independent studies when tested in the absence of exogenous activation
and at three non consecutive concentrations when tested in the S-9
activated system in a single study. In the nonactivated test system, activity
at a single concentration was not reproducible. Because the increase in
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Reliability

:

Remark

:

Type
System of testing
Test concentration
Cycotoxic concentr.
Metabolic activation
Result
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:

Method

:

SCEs above the spontaneous background level had no clear doseresponse, API 83-07 was concluded to be equivocal in this test system.
(2) valid with restrictions
(35) (36)
In a separate Sister Chromatid Exchange assay, Sample API 81-10
(sample containing predominantly saturates) was negative without S9
activation. When tested with S9 activation, the result was equivocal and
there was no dose relationship. (Ref API 35-32433)

Ames test
S. Typhimurium Strain TA 98
1 to 60 µl
with and without
positive
other: Modified Ames Assay
1991
no data
other TS: 3 Samples of diesel fuel (See section 1.1.1. sample Nos. 22, 23
& 24)
A modified Salmonella mutagenicity assay was performed at
the Mobil Environmental and Health Science Laboratory. The
technique that was used has been described fully elsewhere
(Blackburn et al 1984 & 1986).
The middle distillate samples (2 ml) were dissolved in
cyclohexane and the solution was then extracted with DMSO
(10 ml). These extracts were tested in Salmonella
typhimurium strain TA98.
DMSO extracts were also prepared from Standard reference
material NBS 1618 and Stock 642-100" CNN as positive
controls.
The concentrations of DMSO extract used were: 60, 50, 40,
30, 20 15, 10 and 5 µl/60 µl. Extra concentrations were used
for some assays.
The DMSO extracts of NBS 1618 and Stock 642-100" CNN were
delivered at volumes of 50 µl. In a few cases, second and
third assays were performed at 40, 30, 25, 20, 15, 10, 7,
5, 3 and 1 µl/50 µl
Positive chemicals were 2.0 µg 2-aminoanthracene, 10.0 µg
benzo(a)pyrene and 25 µg 2-nitrofluorene in 50 µl DMSO per
bacterial plate.
Metabolic activation was accomplished by using an eightfold higher concentration of the liver S9 fraction obtained
from Arachlor-induced Syrian Hamsters rather than rats.
NADP cofactor was also increased from the normal 4 to 8 mM.
Plates were incubated at 37 °C for 48 hours in the dark
before being evaluated.
Assay acceptance criteria
1.
Spontaneous and solvent control reversion rates for
tester strain (TA98) should fall between 30 and
55
revertants per plate.
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2.
The single dose of stock 642-100" CNN at 50 µl must
between 100-200 revertants per plate.

fall

Analysis of data
The mean number of revertants per plate for each dose was
calculated. If a doe-related doubling relative to th emeanm
solvent control was not reached, the Student-Newman Keuls
Test (SAS) was performed to determine if the means were
statistically different from one another.

Result

:

If a doubling was reached, triplicate revertant values at
all doses (including the solvent control) were plotted
versus dose on an arithmetic scale. Nonlinear regression,
using SAS NLIN procedure of Meyers et al (1981) was used to
determine the slope of the dose response curve. This value
was the MI for the test material.
A mutagenicity index (MI) was calculated which represented
the slope of the dose response curve for each of the
samples.
Previous studies have established that materials with an MI
of less than or equal to 1.0 have not been associated with a
tumorigenic response in skin painting bioassays, whereas
those with MIs greater than 1.0 have been associated with a
tumorigenic response.
The MIs for the middle distillate samples were:
Sample
22
23
24

Mutagenicity Index
1.7
3.9
2.0

The authors of the report concluded that the three samples
of diesel fuel were mutagenic.
18.01.2005

(77) (78) (83)

Type
System of testing

:
:

Test concentration
Cycotoxic concentr.
Metabolic activation
Result
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:

Remark

:

THIS IS NEW

Result

:

Ames test
S. typhimurium TA 1535, TA 1537, TA 1538, TA 98 & TA 100 and S.
cerevisiae D4
0.65, 1.25, 2.5 & 5.0% in DMSO
with and without
negative
1978

These data are provided for completeness. A standard Ames
assay, such as the one described here has been shown to be
inappropriate for the determination of water insoluble
petroleum substances. A more appropriate assay for such
substances is the modified Ames assay as described by
Blackburn et al. (See previous robust summary)
Diesel fuel was evaluated in plate and suspension assays
using S.typhimurium strains TA 1535, 1537, 1538, 98 and 100
and in yeast S. cerevisiae D4.
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The assays were conducted without and with rat liver S9
activation.
The diesel fuel was negative in these assays.
(3) invalid

Reliability
13.10.2004

:

Type
System of testing
Test concentration
Cycotoxic concentr.
Metabolic activation
Result
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:

Mouse lymphoma assay
Forward mutation assay using cell line L5178Y TK+/0.125 to 0.5 µl/ml without activation and 0.064 to 0.5 µl/ml with activation.

Method

:

The test material was dissolved in ethanol for this assay.
Two positive control substances were used viz Ethyl methane
sulphonate (EMS) at a concentration of 0.5 µl/ml and
Dimethylnitrosamine (DMN) at a concentration 5.0 µl/ml.

(67)

with and without
negative
other
1978
no data
other TS: No.2-DA (See section 1.1.1.)

Doses of test material used in the assay were based on the
results of a cytotoxicity study carried out prior to the
mutagenicity assay.
For the mutation assay the lymphoma cells were exposed for 4
hours to test material at dose levels ranging from 0.125 to
0.50 µl/ml without activation and 0.064 to 0.5 µl/ml with
S-9 activation. After exposure to the test material, the
cells were allowed to recover for 3 days. Mutants were
detected by cloning the cells in the selection medium for 10
days. Surviving cell populations were determined by plating.
A mutant frequency was derived by dividing the number of
clones formed in the BUdR-containing selection medium by the
number found in the same medium without BUdR.
A compound is considered mutagenic if:
a.
A dose response relationship is observed over three
of
the four dose levels used
b.
The minimum increase at the high level of the dose
response curve is at least 2.5 times greater than
solvent control.
c.
The solvent control data are within the normal
range
of the spontaneous background for the TK
locus.
Occasionally, a single point within a concentratio range
will show an increase 2.5 times greater than the spontaneous
background. If the increase is at the high dose, is
reproducible, and if an additional higher dose level is not
feasible because of toxicity, the chemical can be considered
mutagenic. If the increase is internal within the dose
range and is not reproducible, the increase will normally be
considered aberrant. If the internal increase is
reproducible, several doses clustered around the positive
concentration will be examined to either confirm or reject
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Result

:

the reliability of the effect.
The mutant frequencies and percentage relative growth are
summarized in the following table.
Non-activation
Group

Mutant frequency

Solvent control
Negative control
EMS control
Test material
0.125 (µl/ml)
0.188 (µl/ml)
0.25 (µl/ml)
0.375 (µl/ml)
0.5 (µl/ml)

Reliability

:

0.0231
0.2143
0.9758

% Relative
growth
100
126.1
37

0.0658
0.085
0.3469
0.1264
0.0396

59.0
44.5
12.3
17.3
9.3

With activation
Solvent control
0.0204
100
Negative control
0.0321
92.9
DMN control
0.9365
50.3
Test material
0.064 (µl/ml)
0.0105
93.7
0.125 (µl/ml)
0.0129
98.5
0.188 (µl/ml)
22.7
0.25 (µl/ml)
0.0870
5.7
0.375 (µl/ml)
0.0183
2.1
0.5 (µl/ml)
0.1235
2.0
The authors evaluated the results as follows:
Diesel fuel was not mutagenic in the Mouse Lymphoma Assay.
The test was conducted so that relative cytotoxicity ranged
from 98 to 0 percent. The negative and solvent controls
were on the low end of the spontaneous range, but all test
data fell in the low end as well. Results from
nonactivation and activation assays were negative.
(2) valid with restrictions
Some experimental details were lacking in the report.
Nevertheless the data were useful for evaluating the
mutagenicity of diesel fuel.

13.10.2004

(67)

Type
System of testing
Test concentration
Cycotoxic concentr.
Metabolic activation
Result
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:

Mouse lymphoma assay

Result

:

Home heating oil (API Sample 78-4, containing 50% cracked
stock) was positive with and without S9 activation. (Ref API
27-30140)

other TS: Sample API 78-4. See section 1.1.1.

29.07.2003

(68)
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Genetic Toxicity in vitro

TEST SUBSTANCE
Category Chemical:

Gas Oils

Test Substance:

Various Gas Oils

Test Substance
Purity/Composition
and Other Test Substance
Comments:

The Gas Oils tested had total % DMSO extractable PAC contents ranging from 116% in Distillate fuels and streams to 22-5% in streams containing catalytic cracked
stocks. Gas Oils contain substantially more 1-3 ring polynuclear aromatic
compounds than 4-7ring PAC.

Category Chemical
Result Type:

Measured

Unable to Measure or
Estimate Justification:
METHOD
Type of Study:

Optimized Ames Assay

System of testing

Salmonella typhimurium TA 98 with metabolic activation

Concentrations:

various

Year Study Performed:

various

Method/Guideline
Followed:

Optimized Ames assay a modification of the Ames Assay

GLP:

Yes

Positive, Negative and
Solvent Control
Substance(s):

various
The method differed from the standard pre- incubation Ames assay in the following
respects.
A DMSO extract of the test materials was tested in the assay.

Method/Guideline
and Test Condition
Remarks:

The S9 fraction was obtained from Aroclor-induced hamsters.
An eightfold concentration of S-9 was used in the assays.
Twofold concentration of cofactor NADP was used.
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The DMSO extracts were tested over a range of concentrations that permitted the
construction of a dose-response curve.
The mutagenicity index (MI) is calculated from the slope of the initial portion of the
dose response curve expressed in units of revertants per microliter. The mutagenicity
index has been demonstrated to be highly correlated with dermal carcinogenic
potential, suggesting that oils with MI values < 1 were unlikely to be mutagenic or
dermally carcinogenic, oils with MI values > 1 but < 2 are mutagenic but indeterminate
for dermal carcinogenesis, and oils with MI values > 2 are mutagenic and would likely
produce skin tumors if tested in mice. The test method was refined to provide the
greatest predictive value of gene mutagenicity and potential carcinogenicity for the
widest range of high boiling PAC-containing streams [final boiling point approximately
0
0
≥650 F, (≥343 C]and thus provides a more sensitive general Salmonella protocol for
this class of petroleum substances. In 1995, the optimized Ames test was
standardized as an ASTM method [ASTM E1687-95].
An assay was judged to be positive if the Mutagenicity Index was equal to or greater
than 1.0
TEST RESULTS
Optimized Ames Test results and 1-7 ring PAC Distribution
1-Ring 2-Ring 3-Ring
CAS
CRU
Weight Weight Weight
RN
Number %
%
%
64741-44-2 Gas Oil, light
64741- 87523
0.4
2.5
1.3
44-2
64741-49-7 Vacuum Tower Condensate
64741- 85242
0.2
1.8
2.4
49-7
64741- 86175
0.0
2.0
3.4
49-7
64741- 86178
0.0
0.8
4.0
49-7
64741- 86186
0.1
2.7
6.2
49-7
64741- 86270
0.9
2.6
3.5
49-7
64741- 86279
0.8
4.8
1.6
49-7
64741-59-9 Catalytic Cracked Distillate, light
64741- 8281
2.0
29.5
14.7
59-9
64741- 86182
0.0
17.4
11.6
59-9
64741- 86191
0.0
13.2
8.8
59-9
64741- 86195
0.4
25.3
10.9
59-9
64741- 86273
0.4
10.9
5.4
59-9
64741- 86280
0.3
18.1
9.0
59-9

4-Ring 5-Ring 6-Ring 7-Ring Optimized
Weight Weight Weight Weight Ames MI
Modeled
%
%
%
%
MI
0.0

0.0

0.0

0.0

1.0

GE 1

0.6

0.4

0.1

0.1

5.2

GE 1

1.3

0.4

0.1

0.1

6.8

GE 1

1.6

0.8

0.3

0.2

10.6

GE 1

0.3

0.1

0.1

0.3

6.7

GE 1

0.9

0.4

0.0

0.4

6.7

GE 1

0.1

0.0

0.0

0.0

4.6

GE 1

0.0

0.5

0.5

0.0

28.3

GE 1

0.0

0.0

0.0

0.0

57.9

GE 1

0.0

0.0

0.0

0.0

25.1

GE 1

0.0

0.0

0.0

0.0

34.6

GE 1

0.2

0.0

0.2

0.0

19.8

GE 1

0.0

0.0

0.3

0.0

20.1

GE 1
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64741- 87524
2.0
16.8
8.4
0.0
59-9
64741- 87526
1.1
9.6
6.4
0.2
59-9
64741- 87527
0.8
2.0
0.8
0.1
59-9
64741- 89295
0.4
42.2
0.0
0.0
59-9
64741- 89296
0.0
0.5
0.5
1.0
59-9
64741- 89297
0.2
15.2
0.0
0.0
59-9
64741-82-8 Thermocracked Distillate, light
64741- 87213
0.1
4.2
6.3
0.3
82-8
64741-86-2 Sweetened Distillate
64741- 87088
0.0
2.4
0.3
0.0
86-2
64741- 87467
0.0
2.3
0.6
0.0
86-2
68334-30-5 Diesel Oil and DMGK Middle Distillates
68334- 85202
0.7
4.1
2.0
0.3
30-5
68334- 85203
0.7
4.2
2.1
0.1
30-5
68476- 89165
0.1
1.4
1.1
0.1
30-2
68476- 89166
0.0
3.2
0.8
0.0
30-2
68476- 89167
0.1
0.8
0.6
0.1
30-2
68476- 89169
0.0
1.7
2.1
0.1
30-2
68476- 89170
0.2
1.6
1.3
0.2
30-2
68476- 89175
0.1
4.5
5.7
1.1
30-2
68476- 89180
0.4
1.6
2.0
0.1
30-2
68476- 89181
0.3
1.3
0.8
0.0
30-2
68476- 89182
0.4
1.6
1.6
0.2
30-2
68476- 91673
0.3
9.6
4.8
0.0
30-2
68476- 92200
0.0
5.5
5.5
0.0
30-2
DMGK 89164
0.0
1.1
0.7
0.1
DMGK 89168
0.0
1.5
1.9
0.4
DMGK 89171
0.2
3.3
0.9
0.0
DMGK 89172
0.2
1.6
2.7
0.5
DMGK 89173
0.4
2.1
2.1
0.5
DMGK 89174
0.3
1.6
0.8
0.1
DMGK 89176
0.4
2.4
2.4
0.6
DMGK 89177
0.5
1.4
0.5
0.0

0.0

0.0

0.0

13.8

GE 1

0.0

0.0

0.0

7.9

GE 1

0.0

0.0

0.0

1.2

GE 1

0.0

0.0

0.0

0.0

LT 1

0.2

0.0

0.0

0.0

LT 1

0.0

0.0

0.0

0.0

LT 1

0.0

0.0

0.0

13.3

GE 1

0.0

0.0

0.0

1.1

LT 1

0.0

0.0

0.0

0.0

LT 1

0.0

0.0

0.0

3.8

GE 1

0.0

0.0

0.0

3.9

GE 1

0.0

0.0

0.0

1.0

GE 1

0.0

0.0

0.0

1.2

GE 1

0.0

0.0

0.0

0.7

LT 1

0.0

0.0

0.0

4.1

GE 1

0.0

0.0

0.0

3.8

GE 1

0.0

0.0

0.0

9.0

GE 1

0.0

0.0

0.0

2.1

GE 1

0.0

0.0

0.0

2.8

GE 1

0.0

0.0

0.0

4.0

GE 1

0.2

0.5

1.0

12.6

GE 1

0.0

0.0

0.0

8.2

GE 1

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.8
3.1
1.4
7.6
8.4
2.0
6.5
2.3

LT 1
GE 1
GE 1
GE 1
GE 1
GE 1
GE 1
LT 1
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DMGK 89178
0.4
2.6
DMGK 89179
0.5
1.9
DMGK 89183
0.8
2.5
DMGK 89184
0.4
1.5
DMGK 89185
0.1
0.7
DMGK 89187
0.4
0.8
68915-97-9 Gas Oil, heavy
68915- 86271
0.1
0.8
97-9
68915- 86190
0.3
3.6
97-9

1.3
0.5
4.2
1.5
0.1
0.6

0.2
0.0
1.7
0.2
0.0
0.2

0.0
0.0
0.1
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0

2.7
0.0
9.3
4.0
0.7
4.2

GE 1
LT 1
GE 1
GE 1
LT 1
LT 1

5.3

3.2

0.4

0.2

0.1

18.3

GE 1

1.0

0.1

0.2

0.0

0.0

2.0

GE 1

GE 1 = modeled MI greater than or equal to 1; predicts that the sample is mutagenic
LT 1 = modeled MI less than 1; predicts that the sample is not mutagenic
DMGK designation identifies distillate fuel oil samples tested in Germany for which CAS RNs are not
available.

Results Remarks:

Results of the Optimized Ames assay confirm the likelihood that most Gas Oils can
cause bacterial mutagenicity [MI ≥ 1.0]. The modeled MI determinations were
generally in agreement with the test results. CAS RN 64741-59-9 catalytic cracked
distillate samples which generally contain higher content of C1-C7 aromatic rings
induced higher mutagenicity indices than other CAS RNs. A few samples under a
given CAS RN may have very low MIs or be inactive as the result of different crude oil
sources and the type and severity of processing.

Conclusion Remarks:

Gas Oils cause gene mutations in Salmonella in the Optimized Ames assay

RELIABILITY/DATA QUALITY
Reliability:

1. Reliable without restrictions

Reliability Remarks:

This assay is a modification of the Ames Salmonella Assay which has been verified by
ASTM E1687-95

Key Study Sponsor
Indicator:

Key

REFERENCE
Individual studies can be identified using the CRU number and requested from
American Petroleum Institute

Reference:

Original method publications are:
Blackburn, G.R. Deitch, R.A., Schreiner, C.A. and Mackerer, C.R. 1986.
Predicting tumorigenicity of petroleum distillation fractions using a modified
Salmonella mutagenicity assay. Cell Biol. Toxicol 2: 63-84
Blackburn, G.R. Deitch, R.A., Schreiner, C.A. Mehlman, M., and Mackerer, C.R.
1984. Estimation of the dermal carcinogenic activity of petroleum fractions using
a modified Ames assay. Cell Biol. Toxicol 1: 67-80
Roy, T.A., Johnson, S.W., Blackburn, G.R., and Mackerer, C.R. 1988.
Correlation of mutagenic and dermal carcinogenic activities of mineral oils with
polycyclic aromatic compound content. Fund. Appl. Toxicol. 10: 466-376.
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High Production Volume Information System (HPVIS)
Genetic Toxicity in vitro

TEST SUBSTANCE
Category Chemical:

Gas Oils

Test Substance:

CAS RN # 64741-49-7 Vacuum Tower Overheads
CRU #85242
Vacuum Tower Overheads (CRU No. 85242), amber liquid
PAC (Polycyclic Aromatic Compound) Content

Test Substance Purity/Composition
and Other Test Substance
Comments:

Category Chemical Result Type:

Sample #

DMSO 1-ARC 2-ARC 3-ARC 4-ARC 5-ARC 6-ARC 7-ARC
wt.% 1
(%)2
(%)
(%)
(%)
(%)
(%)
(%)
85242
6.0
0.7
1.8
2.4
0.6
0.4
0.1
0.1
1) Percent of DMSO-extractable materials (mostly PACs), determined by the PAC 2 method as
described in API (2008).
2) ARC is “aromatic ring class”. “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.
Measured

Unable to Measure or
Estimate Justification:
METHOD
Type of Study:

In vitro cytogenetics

System of Testing:

Chinese Hamster Ovary cells

Concentrations:

Trial 1 without S9: 5.0, 2.5, 1.5, 1.0 0.5 and 0.25ul/ml.
Trial 2 without S9: 2.0, 1.5, 1.0, 0.5 and 0.25ul/ml Cultures without metabolic
activation were examined for cell survival but were not evaluated for chromosome
damage
Trial 1 with S9: 20.0, 17.5, 15.0, 10.0 and 5.0ul/ml.
Trial 2 with S9: 12.5, 10.0, 7.5, 5.0, 2.5 and 1.0ul/ml.

Year Study Performed:

1987

Method/Guideline Followed:

Method comparable to OECD 473

GLP:

Yes

Positive, Negative and
Solvent Control Substance(s):

Solvent control: dimethyl sulfoxide (DMSO, Aldrich), at the same concentration as
DE(VTO)-treated groups, either 2% or 0.2%
Negative control Hanks Balanced Salt solution (HBSS) 1%.
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Positive controls:
Triethylenemelamine (TEM, CAS No. 51-18-3, Polysciences, Inc.)
0.25 ug/ml without metabolic activation
Cyclophosphamide (CP, CAS No. 50-18-0, Sigma Chemical Co.)
25ug/ml with exogenous metabolic activation. The stability of the
positive control substances was demonstrated by their clastogenicity in the assays.
Cell Line: CHO-WBL is a permanent cell line with a modal chromosome number
of 21 and an average doubling time of 12-14 hours. The cell line was cloned,
expanded and cryopreserved at Mobil Environmental and Health Science
Laboratory and is routinely cultured at 37 00C ±0.500C in a humidified atmosphere
of 5% CO in air. The cell medium consisted of McCoy's 5A Modified medium
(Hazleton Laboratories) supplemented with 10% heat-inactivated fetal bovine
serum (GIBCO), 2mM L-glutamine (GIBCO) and gentamicin (0.05
mg/ml)(GIBCO).
Test Article: The DMSO extract of Vacuum Tower Overheads [DE(VTO)] was
prepared by adding 2 mls of VTO (CRU #85242) to 10 mls of dimethylsulfoxide
(DMSO, Aldrich Chemical) in a 50 ml glass centrifuge tube. The mixture was
vortexed for approximately one minute, every 5 minutes for a total of 30 minutes.
The mixture was centrifuged at 1000 rpm on the Sorvall GLC4 centrifuge (200 x g)
for 5 minutes. The DMSO layer was removed with a glass pipette and transferred to
an amber glass vial for storage. The extract was labelled DE(VTO)-CRU #85242
and stored at -200C. The extract appeared amber-colored at the time of preparation
and after each thawing procedure.

Method/Guideline
and Test Condition Remarks:

Metabolic Activation System:
The S9 (Sitek Research Laboratories, Rockville, Maryland) was prepared from
livers of adult male Sprague-Dawley rats induced by a single intraperitoneal
injection of Aroclor 1254, at a dose of 500 mg/kg body weight, five days prior to
sacrifice. Livers were aseptically removed, homogenized in a sucrose solution, and
centrifuged at 9000 x g for 10 minutes at 0-40C. The supernatant fraction (S9) was
decanted, evaluated for biological activity, and stored at or below -700C. The
biological activity of the S9 was evaluated for its ability to metabolize
dimethyIbenzanthracene and 3-methyIcholanthrene to metabolites mutagenic in the
mouse lymphoma cell line. Upon receipt, the frozen S9 was transferred from dry
ice and stored at approximately -80oC until use. A cofactor mix was prepared by
dissolving 15 mg of isocitric acid, trisodium salt, (Sigma) and 8 mg of
nicotinamide-adenine dinucleotide phosphate, sodium salt (NADP, Pharmacia), per
ml Of McCoy's 5A Modified medium, titrating to neutrality with 1.0N NaOH, and
sterilizing with passage through a membrane filter. Complete S9 mix was prepared
by combining 3 volumes of cofactor mix with 1 volume of freshly thawed S9
(recentrifuged at 9000 x g for 10 minutes to pellet extraneous materials). S9 was
kept on ice prior to use. In assays with metabolic activation, 4 mls of complete S9
mix and 6 mls of McCoy's 5A medium were added to each flask before dosing to
give the following final concentrations in culture: 2:4mg/ml NADP (sodium salt),
4.5 mg/ml isocitric acid (trisodium salt) and 100ul/ml S9 fraction.
Metaphase Analysis:
A preliminary toxicity assay was not performed, but duplicate flasks were set up
and treated for the higher concentrations of the test substance and for the solvent,
and negative controls. The duplicate flasks were assayed for cytotoxicity. The
assays with and without S9 activation were independent with their own negative
and positive controls, and were performed separately.
Without Activation: Approximately 24 hours before dosing, 75 cm flasks were
seeded with 1 x 10 cells in 10 ml of complete growth medium and incubated at
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370C. Prior to dosing, the medium was removed and replaced with 10 ml of fresh
complete growth medium. Appropriate concentrations of DE(VTO) and the control
substances were added, and the flasks were returned to the incubator for 8 hours.
The exposure period was terminated by removing the medium, rinsing the flasks
twice with 5 ml of HBSS and adding 10ml of complete growth medium. Colcemid
(2.7 x 10-7 M) was added, and the flasks were returned to the incubator for
approximately 2-3 hours. Collecting of metaphase cells began approximately 10 to
11 hours after initiating dosing. For the parallel toxicity determinations in Trial 1
without S9, an additional flask for each of the four highest concentrations of
DE(VTO) and the solvent and negative controls was seeded and dosed. After
removal of the dosing medium and washing, the flasks had 15 ml of complete
growth medium added without colcemid treatment. The flasks were incubated for
approximately 23 to 24 hours, and cell yield determinations were made. For the
parallel toxicity determinations in Trial 2, an additional flask for each of the three
highest concentrations of DE(VTO), the solvent and the negative controls were
seeded, dosed, and processed for cell yield determinations.
With Activation: Approximately 24 hours before dosing, 75 cm flasks were seeded
with 1 x 10 cells in 10 ml of complete growth medium and incubated at 37 0C. Prior
to dosing, the medium was removed and replaced with 6 ml of McCoy's 5A
Modified medium (without supplements) and 4 ml Complete S9 mix. Appropriate
concentrations of the test and control substances were added and the flasks were
returned to the incubator for two hours. The exposure period was terminated by
removing the medium, rinsing the flasks twice with 5 ml of HBSS and adding 10
ml of complete growth medium. The flasks were returned to the incubator.
Colcemid (2.7 x 10-7 M) was added to the flasks approximately 8 hours after
initiation of dosing, and the flasks were returned to the incubator for an additional 2
to 3 hours before collecting the metaphase cells.
In Trial 1 with S9, an additional flask for each of the four highest concentrations of
DE(VTO) and the solvent and negative controls was seeded and dosed. After
removal of the dosing medium and washing, these flasks had 15 ml of complete
growth medium added without colcemid treatment. The flasks were returned to the
incubator and processed for determination of cell yield. After the colcemid
treatment, the mitotic cells were collected by tapping the flasks to release the
rounded (mitotic) cells into the medium. The cell suspensions were transferred into
15 ml centrifuge tubes and centrifuged at 1000 rpm (200 x g) on a Sorvall GLC-4
centrifuge for 5 minutes. The pellets were resuspended in 5 ml of 0.075 M KCI
hypotonic solution for one minute at ambient temperature. The tubes were
centrifuged for 5 minutes at 1000 rpm (200 x g) and the pellets were resuspended in
5 ml of a fixative solution (3 parts methanol:! part acetic acid). The cells were
stored in the fixative solution at 4-60C until slides were made. The fixative was
changed twice before slides were prepared.
Cytogenetic Evaluation
A minimum of three slides were made from each flask by dropping two to three
drops of the fixed cell suspension onto dry microscope slides. The slides were
stained with 3% Giemsa (Harleco) for 5 minutes and permanently mounted with
Permount (Fisher). To prevent biased analysis, the slides were given random
numbers by a computer-generated random numbers table. The slides were coded
and decoded by study personnel not involved in the scoring. The slide reader did
not have access to this information until all scoring was complete. Only slides from
the assay with metabolic activation (S9) were analyzed. The type of mutagens
extracted from petroleum-derived products with DMSO require metabolic
activation for biotransformation to an active form. Therefore, only the metabolic
activation system would be expected to detect mutagens in DMSO extract of VTO
Well-spread metaphase cells containing 19-23 centromeres were scored. One
hundred metaphase cells per flask were scored for chromosome and chromatid
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aberrations. The types of aberrationsrecorded included: chromatid breaks and
deletions, triradial and quadriradial exchanges, complex rearrangements, chromatid
intrachanges, chromatid interchanges (intrachromosome), isochromatid breaks,
chromosome breaks, double minutes,
chromosome fragments, dicentrics, rings, multiple centromeres, severely damaged
metaphase cells, uncoiled chromosomes, and pulverized cells. Chromatid and
isochromatid gaps were recorded but were not used in the analysis of chromosome
damage.
Statistical Analysis: Statistical analysis was performed on the proportion of cells
with aberrations. The absolute increase above the respective solvent control for
each concentration was tested for a level of significance using the normal test
(Margolin et al., 1983).
TEST RESULTS
In Trial 1 with S9, DE(VTO), was completely toxic at and above 10.0ul/ml/ml. The
assay was repeated at lower concentrations. In Trial 2 with S9, metaphase cells
were present only in cultures treated at 5.0, 2.5 and 1.0ul/ml DE(VT0)/ml. The
cultures treated at 2.5 and 1.0ul/ml of DE(VTO) had an elevated percentage of
cells with chromosomal aberrations compared to the solvent controI-treated culture,
but these increases were not statistically significant at P < 0.05. Therefore, the
results indicate DE(VTO) did not induce a significant increase in the proportion of
cells with chromosome damage. The positive controI-treated culture had a high
statistically significant (p<lxl0-6) proportion of cells with aberrations (29%)
compared to the negative control. This
Indicating that the metabolic activation system was functional and that the cells
could respond to a clastogen in the assay.

Details for Cytogenetic Assay

Table 1. DE (VTO)Metaphase Analysis: Chromosomal Aberrations with
Metabolic Activation
TREATMENT
No. of No. of
% cells
% cells
Cells
Aberrations/cell with
with >1
scored
aberrations aberrations
DE(VTO)
No metaphase cells present
12.5.0ul/ml
DE(VTO)
No metaphase cells present
10.0ul/ml
DE(VTO)
No metaphase cells present
7.5ul/ml
DE(VTO)
100
0.01
1
0
5.0ul/ml
DE(VTO)
100
0.09
7
2
2.5ul/ml
DE(VTO)
100
0.06
6
0
1.0ul/ml
DMSO 2%
100
0.03
3
0
HBSS 1%
100
0.04
4
0
Cyclophosphamide 100
0.34
29
5
25ug/ml
Results of the cytotoxicity determinations for DE(VTO) without metabolic
activation, showed a concentration-dependent decrease in cell yield, indicating that
DE(VTO) was interacting with the cells in the assay and that the concentrations
tested in the assay included cytotoxic and noncytotoxic ones. The presence of a
metabolic activation system
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produced similar results. DE(VTO) was totally cytotoxic at and above 7.5ul/ml and
minimally cytotoxic at and below 5.0ul/ml. The yield of metaphase cells from
cultures treated with DE(VTO) in the assay with S9 reflects this pattern of
DE(VTO) concentration-dependent toxicity, since no metaphase cells were found at
and above 7.5ul/ml but were available at 5.0ul/ml.
Table 2 DE(VTO) Cytotoxicity Determinations in Cultures with and
without metabolic activation (S9)
Compound
Concentration/ml S-9
Cell
% Yield of
Yield/flask(
Solvent
x106)
Control
Trial 1
DE(VTO)
5.0ul
0
0
DE(VTO)
2.5ul
0
0
DE(VTO)
1.5ul
4.4
73
DE(VTO)
1.0ul
6.4
107
DMSO
2%
6.0
100
HBSS
1%
6.6
110
Trial 2
DE(VTO)
2.0ul
3.3
43
DE(VTO)
1.5ul
6.1
79
DE(VTO)
1.0ul
7.8
101
DMSO
0.2%
7.7
100
HBSS
1%
7.8
101
Trial 1
DE(VTO)
20ul
+
0.076
<1
DE(VTO)
17.5ul
+
0.024
<1
DE(VTO)
15ul
+
0.078
<1
DE(VTO)
10ul
+
0.05
<1
DMSO
2%
+
9.0
100
HBSS
1%
+
9.8
109
Trial 2
DE(VTO)
12.5ul
+
0.043
<1
DE(VTO)
10ul
+
0.071
1
DE(VTO)
7.5ul
+
0.16
3
DE(VTO)
5.0ul
+
5.3
90
DE(VTO)
2.5ul
+
5.3
90
DE(VTO)
1.0ul
+
5.7
97
DMSO
2%
+
5.9
100
HBSS
1%
+
6.4
108
Statistics:

No statistically significant increases in cells with chromosomal aberrations were
seen in cultures with metabolic activation..

Conclusion Remarks:

Based on these results, the DMSO extract of Vacuum Tower Overheads does not
induce a significant increase of chromosome aberrations in CHO cells, with an
exogenous metabolic activation system present. Therefore, the DMSO extract of
Vacuum Tower Overheads is not a clastogen in this test system.

RELIABILITY/DATA QUALITY
Reliability:

2. Reliable with restrictions

Reliability Remarks:

No chromosome aberration evaluation was performed in cultures not incubated
with S9 to verify that clastogenicity is not caused by DE(VTO) in the absence of
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metabolic activation.
Key Study Sponsor Indicator:

Not a key study

REFERENCE

Reference:

Mobil, 1987. Metaphase analysis of Chinese hamster ovary (CHO) cells treated in
vitro with a DMSO extract of Vacuum Tower Overheads (a screening assay)
Study # 52242 (Cru #85242) . Mobil Environmental and Health Science
Laboratory Pennington, New Jersey 08534
Method References;
Galloway, S.M., et al (1985), Development of a standard protocol for in vitro
cytogenetic testing with Chinese hamster ovary cells: comparison of results for 22
compounds in two laboratories. Environ Mutagen. 7:1-51.
Margolin, B.H., B.J. Collings, and J.M. Mason (1983), Statistical analysis and
sample-size determinations for mutagenicity experiments with binomial
responses. Environ. Mutagen. 5:705-716.
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5.6

GENETIC TOXICITY ‘IN VIVO‘

Type
Species
Sex
Strain
Route of admin.
Exposure period
Doses
Result
Method

:
:
:
:
:
:
:
:
:

Year
GLP
Test substance

:
:
:

Method

:

Result

:

Cytogenetic assay
Rat
Male/female
Sprague-Dawley
i.p.
6, 24 and 48 hours
2, 0.67 & 0.2 g/kg
Negative
OECD Guide-line 475 "Genetic Toxicology: In vivo Mammalian Bone
Marrow Cytogenetic Test - Chromosomal Analysis"
1986
Yes
API 83-07 (Sample consisting predominantly of aromatics (See section
1.1.1.)
Undiluted test material was given intraperitoneally to groups of 15 rats of
each sex at three different dose levels (0.2, 0.67 & 2.0 g/kg). A group of 15
rats of each sex, serving as negative controls, were given deionised water.
A group of 5 animals of each sex, used as positive controls was dosed with
1.0 mg/kg triethylenemelamine (TEM) and these animals were killed 24
hours afterwards. Three hours prior to being killed the rats were given a
single ip dose of colchicine (4 mg/kg).
For each dose level of test material and the negative controls 5 rats of each
sex were killed 6, 24 and 48 hours after dosing.
Immediately following sacrifice bone marrow was aspirated from the tibiae.
The marrow was washed and the cells were fixed before being spread on
slides for examination (routinely 50 spreads for each animal). Slides were
stained and scored for chromatid and chromosome gaps and breaks,
fragments, structural rearrangements and ploidy. A mitotic index based on
at least 500 cells was recorded. The index was calculated by scoring the
number of cells in mitosis per 500 cells on each slide read.
The data on chromosomal aberrations for the treated animals was
compared to that for the negative controls.
The criteria used in assessing the result are described in the results
section.
Immediately after dosing all animals in the 2 g/kg group were lethargic.
There were some mortalities in the high dose group and where possible
they were replaced. Throughout the study lethargy was observed in the
high dose group animals but no toxic signs were seen in any of the other
dose groups.
A summary of the chromosomal results is given in the following table.

Group

Time

Frequency
of
aberrations

Male
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-ve control
6
0
.024
24
.004
.016
48
.01
.02
+ve control (TEM @1.0 mg/kg)
24
>1.17 .1
Test material
0.2
6
.015
.005
24
0
.016
48
0
.02

0
.4
1

0
0
0

4.1
2.8
3.5

29

18.8

1.3

1.5
0
0

0
0
0

2.8
4.3
3.6

0.67

6
24
48

0
>.02
0

.04
.03
.01

0
2
0

0
.4
0

5.9
4.1
4.5

2.0

6
24
48

0
.01
0

.028
.01
.02

0
1
0

0
0
0

3.8
4.7
3.6

1
1.2
0

0
0
0

4.2
2.6
4.2

59.9

54.5

.2

Female
-ve control
6
.01
.01
24
.012
.024
48
0
.036
+ve control (TEM @1.0 mg/kg)
24
>4.199 0
Test material
0.2

6
24
48

0
.004
.004

.012
.o4
.012

0
.4
.4

0
0
0

3.1
3.3
2.9

0.67

6
24
48

>.016
0
0

.044
.008
.016

1.6
0
0

.4
0
0

4.6
3.6
5.5

2.0

6
24
48

0
0
0

.032
.016
.01

0
0
0

0
0
0

4.1
4.9
6.2

For simplicity only standard error values have not been shown in the above
table.

Reliability

:

The authors make the following interpretation of the results
The test material did not induce a significant increase in the percentage of
aberrant cells above the controls for either sex at any of the doses or kill
times. No apparent test article effects on the mitotic index were noted in
any of the dose groups. The positive control (TEM) induced significant
increases in the percentage of cells with structural chromosomal
aberrations in the male animals (29%). The positive control also produced
a very high percentage of cells with structural chromosomal aberrations in
the female dose group (59.9%). However, the data from the female
positive control group could not be statistically analyzed since only 32
metaphase cells could be analyzed. The lack of analyzable metaphase
cells can be attributed to bone marrow toxicity induced by the TEM.
(1) valid without restriction
(29)
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Type
Test substance

:
:

Cytogenetic assay
Gas oils various (See section 1.1.1.)

Result

:

A total of six bone marrow cytogenetics assays have been carried out on
API gas oil samples. All of these studies have been negative.
The samples tested and the references to the original reports are:
API sample Reference
Samples predominantly aromatic
83-07
33-30929
83-08
33-30493
Samples predominantly saturates
83-11
32-32408
33-30930
81-09
32-30965
81-10
32-30535
(12) (16) (17) (22) (27)

Type
Species
Route of admin.
Exposure period
Doses
Result
Year
Test substance

:
:
:
:
:
:
:
:

Sister chromatid exchange assay
Mouse
i.p.
340, 1700 and 3400 mg/kg
Positive
1988
API 83-07
(37)

Type
Species
Route of admin.
Doses
Result
Year
Test substance

:
:
:
:
:
:
:

Sister chromatid exchange assay
Mouse
i.p.
0.5, 2.5 and 5.0 mg/kg
Negative
1988
API 81-10
(34)

Type
Species
Sex
Strain
Route of admin.
Exposure period
Doses
Result
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:
:
:

Cytogenetic assay
rat
male
no data
i.p.
Up to 48 hours and 5 days
0.6, 2.0 & 6.0 cc/kg

Method

:

Acute and subchronic studies were carried out. The design
of the two studies is summarized in the following table.
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In the acute study a single intraperitoneal dose was given
to the animals which were then sacrificed at the time
intervals shown. Two hours prior to being killed,
colchicine was given as a single dose (4 mg/kg) to arrest
dividing cells in metaphase.
Acute study
Treatment

0.6 cc/kg
2.0 cc/kg
6.0 cc/kg
TEM positive control
Solvent control

No. of animals killed
hrs after dosing
6
24
48
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

In the subchronic study a group of 5 males at each dose
level (same doses as for acute study) was given a single
intraperitoneal dose of test material once every 24 hours
for 5 days. Animals in this study were killed 6 hours after
the last dose was given. Cells were arrested in metaphase by
the use of colchicine at the same level as that used in the
acute study.
The positive control material was triethylene melamine
(TEM), used at a dose of 0.5 mg/kg.
The solvent control was 0.85% aqueous saline.
Bone marrow was aspirated from the canals of the femurs and
tibias of the lower limbs. The cells from the bone marrow
plug were washed, fixed and spread on slides and stained for
examinaton. 50 spreads were located for each animal and when
of suitable quality, the chromosomes were counted and
evaluated for abnormalities.
Data interpretation
Gaps were not counted as significant aberrations unless they
were present in a higher than usual frequency.
Open breaks were considered as indicators of genetic damage
as were configurations resulting from the repair of breaks.
The latter would include deletions, translocations,
multiradials, rings, multicentrics, etc. Reunion figures
such as these were weighted slightly higher than breaks
since they usually resulted from more than one break and may
lead to stable configurations.
The number of aberrations per cell was also considered to be
significant; cells with more than one aberration would be
considered to indicate more genetic damage than those
containing single events. Consistent variations from the
euploid number was also considered in the evaluation of
mutagenic potential.
Comparison with a concurrent negative control which lacks
aberrations can suggest statistical significance; therefore,
treatment data were also considered against historical
control data. In either event, the type of aberration, its
Page 214 of 363

Id Gas Oils

5. Toxicity

Date October 23, 2012

Result

:

frequency, and its correlation to dose trends within a given
time period, are all considered in evaluating a compouns as
being mutagenically positive or negative.
Similar aberrations were observed throughout the
treatment and negative control groups, the only difference
being the frequency of aberration.
The results of the evaluation are summarized in the
following table.
Group Time No
Cells with
No. animals
MI**
(hrs) of
1 or more
without
cells
aberrations
aberrations*
Saline 6
53
24
225
48
200
5 doses 250

0 (0%)
6 (2.6%)
1 (0.5%)
2 (0.8%)

2 (2)
2 (5)
3 (4)
4 (5)

0.7
3.2
3.6
10.6

TEM

68 (47.2%)

0 (5)

1.4

5 (2.6%)
1 (2.1%)
1 (0.5%)
4 (1.6%)
8 (3.5%)
5 (5.8%)
2 (0.9%)
1 (0.4%)
1 (1.0%)
5 (2.2%)
5 (5.4%)
10 (5.0%)

0 (5)
4 (5)
4 (5)
2 (5)
1 (5)
2 (5)
3 (5)
4 (5)
1 (2)
2 (5)
2 (4)
0 (4)

5.9
1.7
2.3
3.6
6.3
1.7
4.5
7.4
4.0
4.7
3.8
6.0

24

144

Diesel 6
189
0.6 24
48
ml/kg 48
186
5 doses 250
Diesel 6
228
2.0
24
86
ml/kg 48
216
5 doses 250
Diesel 6
100
6
24
227
ml/kg 48
93
5 doses 200
*
**

( ) Number in parenthesis is No. of animals examined.
Mitotic Index

Evaluation summary
The results from the rat bone marrow cytogentic analysis
indicated that diesel fuel was clastogenic. Bothe the
intermediate dose level (2.0 ml/kg) and the high dose level
(6.0 ml/kg) were active. The data are summarized below:
Group

Total No. cells
Mean %
with aberrations aberrations
Control
9
1.0
TEM
68
47.2
Diesel 0.6 ml/kg
11
1.7
Diesel 2.0 ml/kg
16
2.7
Diesel 6.0 ml/kg
21
3.4

Reliability
13.10.2004

:

Type

:

The data are dose-dependent significant at several of the
sacrifice times. Values of 4.0% are clearly outside the
normal sponatneous variation inherent in this assay.
(2) valid with restrictions
(67)
Dominant lethal assay
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Species
Sex
Strain
Route of admin.
Exposure period
Doses
Result
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:
:

mouse
male
CD-1
inhalation
6 hours / day, 5 days / week for 8 weeks
100 & 400 ppm
negative
other
1980
no data
other TS: No. 2-DA (See section 1.1.1.)

Method

:

Result

:

Groups of 12 male mice were exposed by inhalation to diesel
fuel at airborne concentrations of 100 and 400 ppm.
Exposures were for 6 hours a day, 5 days each week for 8
weeks (40 doses). A group of 12 male mice served as negative
controls and were placed in the inhalation chambers but not
exposed to diesel fuel.
On day 40 of the dosing schedule a positive control group of
12 male mice were each given an acute intraperitoneal dose
(0.3 mg/kg) of triethylenemelamine (TEM).
Following completion of the exposure to test material the
males were sequentially mated to two females per week for 2
weeks. After mating, the females were separated from the
males and housed separately until killed. At the end of each
5 day mating period, the males were rested for 2 days and
then mated with 2 new females.
14 days from the middle of the mating week, the females were
killed and necropsied. At necropsy the uteri were examined
and the number of living and dead implantations counted if
present. Based on the data obtained at necropsy, the
following parameters were calculated:
fertility index
total number of implantations
dead implantations
proportion of females with one or more dead implantations
proportion of females with two or more dead implantations
ratio of dead/total implants
ratio of living implants/total implants.
The results were as follows:

100
Parameter

Dose Group
400 Negative Positive
ppm ppm control control

Fertility index
Week 1
0.727 0.750 0.708
0.458
Week 2
0.955 0.792 0.833
0.792
Implants/female
Week 1
11.06 10.72 11.18
8.36
Week 2
10.81 11.68 10.95
7.42
Resorptions/female
Week 1
.375 .5
.77
4.73
Week 2
.71
.32
.55
4.9
Proportion of females with 1 or more dead implants
Week 1
.32
.39
.41
1.0
Week 2
.52
.26
.55
1.0
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Conclusion

:

Proportion of females with 2 or more dead implants
Week 1
.06
.11
.24
1.0
Week 2
.14
.05
0
.95
Dead implants/Total implants
Week 1
.03
.04
.07
.57
Week 2
.07
.03
.05
.66
Living implants/pregnant female
Week 1
10.7 10.2
10.4
3.6
Week 2
10.1 11.4
10.4
2.5
The sensitivity of the assay was confirmed by the results
with the positive control. The test material did not cause
any significant pre- or post implantation losses when
compared to the negative control.

13.10.2004

(74)

Genetic Toxicity in vivo

TEST SUBSTANCE
Category Chemical:
Test Substance:

Gas Oils
CAS RN 64741-82-8

Coker Light Gas Oil

Coker Light Gas Oil (CRU No. 87213)
PAC (Polycyclic Aromatic Compound) Content
Test Substance
Purity/Composition
and Other Test
Substance Comments:

Category Chemical
Result Type:

Sample #

DMSO wt.%

87213

10.5

1

1-ARC
2
(%)
0.1

2-ARC
(%)
4.2

3-ARC
(%)
6.3

4-ARC
(%)
0.3

5-ARC
(%)
0.0

6-ARC
(%)
0.0

7-ARC
(%)
0.0

1) Percent of DMSO-extractable materials (mostly PACs), determined by the PAC 2
method as described in API (2008).
2) ARC is “aromatic ring class”. “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.
Measured

METHOD
Type of Study:

Cytogenetics

Type of Test:

Micronucleus, rodent bone marrow

Route of
Administration:

Dermal

Species:

Rat
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Strain:

Sprague Dawley

Gender:

Male and female

Dose:

0, 30, 125mg/kg/day

Year Study Performed: 1988
Method/Guideline
Followed:

Standard methods comparable to OECD 474

GLP:

Yes

Duration of
Treatment/Expososure
Period and Units:

13 weeks

Frequency of
Treatment:

Daily, 5 days/week

Positive, Negative and
Solvent Control
Substance(s):

Untreated negative control – shaved and handled comparable to treated animals

Post-Exposure Period:

none

Number of Animals per
5/sex/group
Sex per Dose:

Method/Guideline
and Test Condition
Remarks:

Coker Light Gas Oils was applied to the shaved backs of rats, daily, 5 days/week for 13
weeks at concentrations of 0, 30 or 125mg/kg/day calculated on the basis of most
recent body weight. At the end of 13 weeks bone marrow was harvested from femurs of
5 rats/sex/group and dissaggregated in heat inactivated fetal bovine serum containing
25mM EDTA. centrifuged and the resulting erythrocyte fraction resuspended in a small
volume of fetal bovine serum. Three bone marrow slides prepared for each rat, air dried
and fixed in absolute methanol for 15 minutes. After drying, they were placed in an
acridine orange (0.125mg/ml in Giordano’s buffer, pH 6.4-6.5) solution for 7 mintes,
rinsed and washed in buffer for 10minutes. Under fluorescence microscopy.
Micronuclei are spherical and appear bright yellow, normochromatic [mature]
erythrocytes (NCE) are dark green and polychromatic [immature] erythrocytes (PCE)
are red. Slides were randomized by a computer-generated random numbers table. The
investigator was not aware of the dose groups when evaluating the slides and the code
was broken only at the end of the study. One thousand PCEs and 1000 NCE were
scored to determine the percentage of micronucelated erythrocytes. Cytotoxicity was
evaluated by counting PCE and NCE and calculating the ratio; if the ratio did not differ
from controls, it was determined that cytotoxicity was not a factor in the evaluation of
cytogenetic effects.
Statistics included analysis of variance (ANOVA F test) to determine if test means
differed from one another and General Linear Model (GLM), a studentized linear
regression analysis to determine dose responsiveness using the computerized
Statistical Analysis System (SAS). Tukey’s standardized Range test and the Scheffe”s
test were performed to determine which means were different. Statistical significance
was identified at p<0.05.

TEST RESULTS
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Systemic Toxicity:

No systemic toxicity was reported.
All calculations were made for male and female and sexes combined. The ratio means
of PCE/NCE were not significantly different from each other or the untreated controls
indicating that cytotoxicity was not a factor in the evaluation of micronucelus induction in
developing erythrocytes. No micronucleated normochromatic erythrocytes (MN-NCE)
were seen in 1000 NCE examined from control and treated animals Similarly no
micronucleated polychromatic erythrocytes (MN-PCE) were seen in 1000 PCE
examined from control and treated animals
Micronucleus assay of Bone Marrow from Rats treated dermally with Coker Light Gas
Oil

Genotoxic Effect:

Dose
[mg/kg/day]
0
0
0
30
30
30
125
125
125

Sex

No. of rats

F
M
M+F
F
M
M+F
F
M
M+F

5
5
10
5
5
10
5
5
10

PCE/NCE
0.66
0.49
0.57
0.75
0.57
0.66
0.86
0.49
0.67

(0.11)
(0.07)
(0.12)
(0.10)
(0.10)
(0.16)
(0.30)
(0.09)
(0.28)

% MN PCE
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

%MN NCE
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

( ) Standard deviation

Results Remarks:

Positive control group in which a known clastogen was administered to a separate
group of rats to verify that the assay was performed correctly and the investigator was
trained in evaluating micronucleus data was not performed.

Conclusion:

Coker Light Gas Oil (CAS RN 64741-82-8) administered to rats dermally for 13 weeks
at concentrations of 30 or 125mg/kg/day did not induce increased incidences of
micronucleated polychromatic or normochromatic erythrocytes and is not a clastogen in
this assay

RELIABILITY/DATA QUALITY
Reliability:

2. Reliable with Restrictions

Reliability Remarks:

Absence of a positive control to verify performance. In a study in which all values for
micnronucleated erythrocytes were 0.00, a properly responding positive control
confirming the reliability of the assay would have supported the overall negative results.

Key Study Sponsor Indicator:

no

REFERENCE

Reference:

Mobil, 1988. Micronucleus assay of bone marrow red blood cells from rats treated via
dermal administration of Coker Light Gas Oil. Study No 61997. Mobil Environmental and
Health Science Laboratory, Princeton, New Jersey
Methods references
Tice, R. and Ivett, J. 1985 Cytogenetic analysis of bone marrow damage, IN: R.D. irons
(Ed.) Toxicology of the Blood and Bone Marrow. Raven Press, New York pp 119-140
Salamone, M. et al. 1980. Toward an improved micronucleus test: studies on 3 model
agents, mitomycin C, cyclophosphamide and dimethylbenzanthracene. Mutation Res, 74:
347-356
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TEST SUBSTANCE
Category
Chemical:

Gas Oils

Test
Substance:

CAS RN 68915-97-9

Heavy Atmospheric Gas Oil

Heavy Atmospheric Gas Oil (CRU No. 86271)
PAC (Polycyclic Aromatic Compound) Content
Test
Substance
DMSO 1-ARC 2-ARC 3-ARC 4-ARC 5-ARC 6-ARC 7-ARC
Purity/Compo Sample
1
2
#
wt.%
(%)
(%)
(%)
(%)
(%)
(%)
(%)
sition
and Other
86271
10.5
0.1
0.8
5.3
3.2
0.4
0.2
0.1
Test
1) Percent of DMSO-extractable materials (mostly PACs), determined by the PAC 2 method as
Substance
described in API (2008).
Comments:
2) ARC is “aromatic ring class”. “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.
Category
Chemical
Result Type:

Measured

METHOD
Type of
Study:

Cytogenetics

Type of Test:

Micronucleus, rodent bone marrow

Route of
Administratio
n:

Dermal

Species:

Rat

Strain:

Sprague Dawley

Gender:

Male and female

Dose:

0, 30, 125, 500mg/kg/day

Year Study
Performed:

1990
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Method/Guid
eline
Followed:

Standard methods comparable to OECD 474

GLP:

Yes

Duration of
Treatment/Ex
pososure
13 weeks
Period and
Units:
Frequency of
Treatment:

Daily, 5 days/week

Positive,
Negative and
Solvent
Control
Substance(s)
:

Untreated negative control – shaved and handled comparable to treated animals

PostExposure
Period:

none

Number of
Animals per
Sex per
Dose:

5/sex/group

Method/Guid
eline
and Test
Condition
Remarks:

Heavy Atmospheric Gas Oils was applied to the shaved backs of rats, daily, 5 days/week for 13
weeks at concentrations of 0, 30, 125 or 500mg/kg/day calculated on the basis of most recent
body weight. At the end of 13 weeks bone marrow was harvested from femurs of 5
rats/sex/group and disaggregated in heat inactivated fetal bovine serum containing 25mM EDTA.
A nearly pure cell suspension was obtained by passing the bone marrow cell suspension through
a cellulose column, the resulting fraction collected by centrifugation and resuspended in a small
volume of fetal bovine serum. Two bone marrow slides were prepared for each rat, air dried and
fixed in absolute methanol for 15 minutes. After drying, the slides were placed in an acridine
orange (0.125mg/ml in Giordano’s buffer, pH 6.4-6.5) solution for 7 mintes, rinsed and washed in
buffer for 10minutes. Under fluorescence microscopy. Micronuclei are spherical and appear
bright yellow, normochromatic [mature] erythrocytes (NCE) are dark green and polychromatic
[immature] erythrocytes (PCE) are red. Slides were randomized by a computer-generated
random numbers table. The investigator was not aware of the dose groups when evaluating the
slides and the code was broken only at the end of the study. One thousand PCEs and 1000 NCE
were scored to determine the percentage of micronucelated erythrocytes. Cytotoxicity was
evaluated by counting 1000 PCE and NCE and calculating the ratio; if the ratio did not differ from
controls, it was determined that cytotoxicity was not a factor in the evaluation of cytogenetic
effects.
Statistics included analysis of variance (ANOVA F test) to determine if test means differed from
one another and General Linear Model (GLM), a studentized linear regression analysis to
determine dose responsiveness using the computerized Statistical Analysis System (SAS).
Tukey’s standardized Range test and the Scheffe”s test were performed to determine which
means were different. To analyze data on the frequenxy of of micronucleated PCE the Normal
test for binomial proportion and the Cochran-Armitage test for trend was used. Statistical
significance was identified at p<0.05.
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TEST RESULTS
Systemic
Toxicity:

No systemic toxicity was reported.
All calculations were made for male and female and sexes combined. The ratio means of
PCE/NCE were not statistically significantly different from each other or the untreated controls
even though the values for each sex and for the sexes combined were lower than the negative
controls. In the absence of ststistical significance the authors concluded that that cytotoxicity was
not a factor in the evaluation of micronucelus induction in developing erythrocytes.
No micronucleated normochromatic erythrocytes (MN-NCE) were seen in 1000 NCE examined
from control and treated animals
The SAS ANOVA test found no significant differences in the mean percent of micronucleated
polychromatic erythrocytes of treated animals compared to each other or negative controls (Table
1).
Table 1. Micronucleus assay of Bone Marrow from Rats treated dermally with Heavy Atmospheric
Gas Oil

Genotoxic
Effect:

Dose
[mg/kg/day]
0
0
0
30
30
30
125
125
125
500
500
500

Sex
F
M
M+
F
M
M+
F
M
M+
F
M
M+

No. of rats

F

F

F

F

5
5
10
5
5
10
5
5
10
5
5
10

PCE/NCE

% MN PCE

%MN NCE

1.12
0.78
0.95
0.76
0.50
0.63
0.94
0.81
0.88
0.75
0.50
0.63

0.04
0.02
0.03
0.10
0.04
0.07
0.18
0.10
0.14
0.16
0.04
0.10

0.00 (0.00)
0.00 (0.00)
0.00 (0.00)
0.00 (0.00)
0.02 (0.04)
0.01 (0.03)
0.00 (0.00)
0.00 (0.00)
0.00 (0.00)
0.00 (0.00)
0.02 (0.4)
0.01 (0.03)

(0.23)
(0.47)
(0.39)
(0.20)
(0.18)
(0.23)
(0.25)
(0.19)
(0.22)
(0.49)
(0.26)
(0.39)

(0.09)
(0.04)
(0.07)
(0.10)
(0.09)
(0.09)
(0.16)
(0.14)
(0.15)
(0.17)
(0.05)
(0.13)

( ) Standard deviation

However, the sensitivity of SAS ANOVA and GLM are based on the number of animals in each
group not the number of cells analyzed. The normal test for binomial proportion was used to
evaluate data based on the statistical significance of any elevated proportion of micronucleated
PCE in the test material groups compared to the proportion in untreated controls. irrespective on
number of animals/group (Table 2). All groups treated had elevated proportions of MN-PCE. For
males, none were significant at p <0.05. For females, elevated statistically significant (p <0.05)
percentages of MN-PCE were observed at the mid and high dose groups, with the mid dose
showing the highest elevation. The effects seen in females elevated the combined frequencies of
MN-PCE to statistically significant levels.
Table 2. Statisitical Analysis of Frequency of Micronucleated PCEs by the Normal Test
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Dose
[mg/kg/day]

Sex

% MN-PCEs

P-value

0

F

0.04

--

30

F

0.10

0.129

125

F

0.18

0.017*

500

F

0.16

0.028

0

M

0.02

--

30

M

0.04

0.280

125

M

0.10

0.052

500

M

0.04

0.260

0

M+F

0.03

--

30

M+F

0.07

0.100

125

M+F

0.14

0.004*

500

M+F

0.10

0.026*

* Statistical significance at P <0.05

Results
Remarks:

The elevated levels of MN-PCE in females exposed to 125mg and 500mg/kg can be attributed to
2 of 5 females (one with 3 MN-PCE, and one with 4 MN-PCE) at 125 mg/kg and 3 of 5 females
(one with 4 MN-PCE and 2 with 2 MN-PCE) at 500mg/kg. In contrast only 2 males in the
125mg/kg had 2 or 3 MN-PCE respectively and no males in the 500mg/kg group had more than 1
MN-PCE.
No positive control group in which a known clastogen was administered to a separate group of
rats to verify that the assay was performed correctly and the investigator was trained in
evaluating micronucleus data was performed.

Conclusion:

Results of ANOVA evaluation based on the number of animals with micronucleated
polychromatic erythrocytes concluded that there were no statistically significant differences in
micronucleated PCE or NCE between Heavy Atmospheric Gas Oil treated and untreated control
groups. However results of statistical tests sensitive to the number of cells analyzed showed that
the frequency of micronucleated polychromatic erythrocytes was elevated in female test animals
and males and females combined at the 125 and 500mg/kg groups. On this basis Heavy
Atmospheric Gas Oil is considered by the authors to induce cytogenetic damage to rats treated
dermally for 13 weeks

RELIABILITY/DATA QUALITY
Reliability:

1. Reliable without Restrictions

Reliability
Remarks:

Absence of a positive control to verify performance is not a major restriction to this assay.
[Reviewer’s opinion: Interpretation of the sex-specific positive results based on total number of
micronucleated PCE/group while the results of ANOVA tests based on the animal as the
investigated unit [albeit a small sample size] was negative suggest these conclusions could be
considered equivocal and warrant additional study].

Key Study Sponsor Indicator:

no

REFERENCE

Reference:

Mobil, 1990. Micronucleus assay of bone marrow red blood cells from rats
treated via dermal administration of Heavy Atmospheric Gas Oil. Study No
63457. Mobil Environmental and Health Science Laboratory, Princeton, New
Jersey
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Methods references
Tice, R. and Ivett, J. 1985 Cytogenetic analysis of bone marrow damage, IN:
R.D. irons (Ed.) Toxicology of the Blood and Bone Marrow. Raven Press, New
York pp 119-140
Salamone, M. et al. 1980. Toward an improved micronucleus test: studies on 3
model agents, mitomycin C, cyclophosphamide and dimethylbenzanthracene.
Mutation Res, 74: 347-356

Genetic Toxicity in vivo

TEST SUBSTANCE
Category
Chemical:

Gas Oils

Test
Substance:

CAS RN 64741-49-7 Vacuum Tower Overheads
Vacuum Tower Overheads (CRU No. 86270)

PAC (Polycyclic Aromatic Compound) Content
Test
Substance
DMSO 1-ARC 2-ARC 3-ARC 4-ARC 5-ARC 6-ARC 7-ARC
Purity/Compo Sample
1
2
#
wt.%
(%)
(%)
(%)
(%)
(%)
(%)
(%)
sition
and Other
86270
8.8
0.9
2.1
3.5
0.9
0.4
0.0
0.4
Test
1) Percent of DMSO-extractable materials (mostly PACs), determined by the PAC 2 method as
Substance
described in API (2008).
Comments:
2) ARC is “aromatic ring class”. “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.
Category
Chemical
Result Type:

Measured

METHOD
Type of
Study:

Cytogenetics

Type of Test:

Micronucleus, rodent bone marrow

Route of
Administratio
n:

Dermal

Species:

Rat

Strain:

Sprague Dawley
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Gender:

Male and female

Dose:

0, 30, 125, 500mg/kg/day

Year Study
Performed:

1988

Method/Guid
eline
Followed:

Standard methods comparable to OECD 474

GLP:

Yes

Duration of
Treatment/Ex
pososure
13 weeks
Period and
Units:
Frequency of
Treatment:

Daily, 5 days/week

Positive,
Negative and
Solvent
Control
Substance(s)
:

Untreated negative control – shaved and handled comparable to treated animals

PostExposure
Period:

none

Number of
Animals per
Sex per
Dose:

5/sex/group

Method/Guid
eline
and Test
Condition
Remarks:

Vacuum Tower Overheads was applied to the shaved backs of rats, daily, 5 days/week for 13
weeks at concentrations of 0, 30. 125 or 500mg/kg/day calculated on the basis of most recent
body weight. At the end of 13 weeks bone marrow was harvested from femurs of 5
rats/sex/group and disaggregated in heat inactivated fetal bovine serum containing 25mM EDTA.
centrifuged and the resulting erythrocyte fraction resuspended in a small volume of fetal bovine
serum. Three bone marrow slides were prepared for each rat, air dried and fixed in absolute
methanol for 15 minutes. After drying, they were placed in an acridine orange (0.125mg/ml in
Giordano’s buffer, pH 6.4-6.5) solution for 7 mintes, rinsed and washed in buffer for 10minutes.
Under fluorescence microscopy. Micronuclei are spherical and appear bright yellow,
normochromatic [mature] erythrocytes (NCE) are dark green and polychromatic [immature]
erythrocytes (PCE) are red. Slides were randomized by a computer-generated random numbers
table. The investigator was not aware of the dose groups when evaluating the slides and the
code was broken only at the end of the study. One thousand PCEs and 1000 NCE were scored
to determine the percentage of micronucelated erythrocytes. Cytotoxicity was evaluated by
counting PCE and NCE and calculating the ratio; if the ratio did not differ from controls, it was
determined that cytotoxicity was not a factor in the evaluation of cytogenetic effects.
Statistics included analysis of variance (ANOVA F test) to determine if test means differed from
one another and the General Linear Model (GLM), a studentized linear regression analysis to
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determine dose responsiveness using the computerized Statistical Analysis System (SAS).
Tukey’s standardized Range test and the Scheffe”s test were performed to determine which
means were different. Statistical significance was identified at p<0.05.
TEST RESULTS
Systemic
Toxicity:

No systemic toxicity was reported.
All calculations were made for male and female and sexes combined. The ratio means of
PCE/NCE were not significantly different from each other or the untreated controls indicating that
cytotoxicity was not a factor in the evaluation of micronucelus induction in developing
erythrocytes.
No statistically significant differences between the percentages of micronucleated
normochromatic erythrocytes (MN-NCE) or micronucleated polychromatic erythrocytes (MN-PCE)
were seen in groups of treated rats compared to each other or to negative controls.
Micronucleus assay of Bone Marrow from Rats treated dermally with Vacuum Tower Overheads

Genotoxic
Effect:

Dose
[mg/kg/day]
0
0
0
30
30
30
125
125
125
500
500
500

Sex

No. of rats

F
M
M+
F
M
M+
F
M
M+
F
M
M+

F

F

F

F

5
5
10
5
5
10
5
5
10
5
5
10

PCE/NCE

% MN PCE

%MN NCE

0.79
0.59
0.69
1.04
0.65
0.84
0.93
0.53
0.73
0.96
0.57
0.76

0.02
0.00
0.01
0.00
0.02
0.01
0.06
0.02
0.04
0.04
0.02
0.03

0.00
0.00
0.00
0.04
0.00
0.02
0.02
0.02
0.02
0.00
0.02
0.01

(0.07)
(0.08)
(0.13)
(0.10)
(o.10)
(0.23)
(0.19)
(0.11)
(0.26)
(0.27)
(0.16)
(0.29)

(0.04)
(0.00)
(0.03)
(0.00)
(0.04)
(0.03)
(0.09)
(0.04)
(0.07)
(0.05)
(0.04)
(0.05)

(0.00)
(0.00)
(0.00)
(0.05)
(0.00)
(0.04)
(0.04)
(0.04)
(0.04)
(0.00)
(0.04)
(0.03)

( ) Standard deviation

Results
Remarks:

A positive control group in which a known clastogen was administered to a separate group of rats
to verify that the assay was performed correctly and the investigator was trained in evaluating
micronucleus data was not included in this assay.

Conclusion:

Vacuum Tower Overheads (CAS RN 64741-49-7) administered to rats dermally for 13 weeks at
concentrations of 30, 125 or 500mg/kg/day did not induce increased incidences of
micronucleated polychromatic or normochromatic erythrocytes and is not a clastogen in this
assay

RELIABILITY/DATA QUALITY
Reliability:

1. Reliable without Restrictions

Reliability
Remarks:

Absence of a positive control to verify performance was not considered sufficient to alter the
reliability of this assay

Key Study Sponsor Indicator:

Yes
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5.7

CARCINOGENICITY

Species
Sex
Strain
Route of admin.
Exposure period
Frequency of treatm.
Doses
Control group
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:
:

Mouse
Male
C3H
Dermal
104 weeks
2, 4 or 7 days/week
Doses variable, see method
Yes, concurrent vehicle
1996
Yes
MD-7 (See section 1.1.1.)

Method

:

The testing of the cracked gas oil (MD-7) was part of an overall larger
study. For the purpose of this summary, only the details relating to MD-7
are presented. The test material was applied to the shorn skin of three
groups of 50 male mice for 104 weeks. The concentration and dosing
frequencies were adjusted to ensure that each animal received the same
total weekly dose of test material irrespective of dosing frequency. The
concentrations and frequencies were selected to determine the influence of
skin irritation on the tumorigenic response.
The following dosing regimes were used
Group No.
Concentration µl/dose Dosing
of gas oil*
frequency
(%)
9
100
50
2 times/week
10
50
50
4 times/week
11
28.5
50
7 times/week
* Mineral oil was used as diluent
A control group of 50 male mice received 35 µl mineral oil 7 days each
week.
All animals were observed regularly for viability, clinical signs and a score
was given for any dermal irritation that occurred. Body weights were
recorded throughout the study. When they developed, dermal growths
were measured and documented.
All animals were necropsied either when they died during the study or at
the end of the study. The necropsy included an examination of the body, all
orifices and the carcass, cranial, thoracic and abdominal cavities, including
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Result

:

their contents.
For all animals, tissues were preserved and examined microscopically from
all skin tumors, skin from treated and untreated sites and any grossly
observable masses.
Survival was less in the MD-7 treated groups compared to the negative
controls; at the lower two concentrations (28.5 and 50 %) the difference
was statistically significant. Dermal irritation occurred in the groups
exposed to gas oil. The dermal irritation scores were:
Group
Range of scores
Mean dermal score
Negative control (oil)
0-0.22
0.06
100% gas oil 2X/week
0-4.0
2.4
50% gas oil 4X/week
0-4.0
1.59
28.5% gas oil 7X/week
0-1.67
0.28
Positive control (HCO)
0-2.0
0.73
There were no other treatment-related clinical findings.
Treatment-related findings at post mortem were limited to
Treatment did not have any adverse effect on body weights.
dermal irritation and were consistent with the findings of the in-life phase of
the study.
Liver masses and gastrointestinal abnormalities were observed but these
were found in all groups and were considered to be incidental.
Tumors developed in the positive control group (HCO) and in the MD-7
treated groups as follows:

Material
Oil
HCO
Concentration
No. applications/week
No. mice examined
50
50
No. mice with tumors
0
47
Tumor types
Squamous cell carcinoma
0
42/73*
Fibrosarcoma 0
0
Melanoma
0
0
Papilloma
0
37/88*

Reliability

:

MD-7 MD-7
28.5% 50%
7
4

MD-7
100%
2

50

50

50

1

17

7

1
1
0
0

8/9*
3
4
0
1
0
10/134*

* / = No with neoplasms/actual incidence of neoplasms
(1) valid without restriction
(49)

Species
Sex
Strain
Route of admin.
Exposure period
Frequency of treatm.
Doses
Control group
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:
:

Mouse
Male
C3H
Dermal
104 weeks
2, 4 or 7 days/week
Variable, see methods
Yes, concurrent vehicle
1996
Yes
MD-6 (See section 1.1.1.)
Sample MD-6 was a straight run, hydrotreated gas oil, with
CAS No. 64742-46-7.
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The sample contained 1.3% m/m 3-7 ring PAC
The vehicle control that was used was a Mineral oil Solvent
100 neutral low pour. CAS No. 64742-54-7
Method

:

The testing of the straight run gas oil was part of an overall larger study.
For the purpose of this summary, only the details relating to the straight run
gas oil are presented.
The test material was applied to the shorn skin of three groups of 50 male
mice for 104 weeks.
The concentration and dosing frequencies were adjusted to ensure that
each animal received the same total weekly dose of test material
irrespective of dosing frequency. The concentrations and frequencies were
selected to determine the influence of skin irritation on the tumorigenic
response.
The following dosing regimes were used
Group No.
Concentration
µl/dose
of gas oil*
(%)
6
100
50
7
50
50
8
28.5
50

Result

:

Dosing
frequency
2 times/week
4 times/week
7 times/week

* Mineral oil was used as diluent
A control group of 50 male mice received 35 µl mineral oil 7 days each
week.
All animals were observed regularly for viability, clinical signs and a score
was given for any dermal irritation that occurred. Body weights were
recorded throughout the study. When they developed, dermal growths
were measured and documented. All animals were necropsied either when
they died during the study or at the end of the study. the necropsy included
an examination of the body, all orifices, the carcass and cranial, thoracic
and abdominal cavities, including their contents. For all animals, tissues
were preserved and examined microscopically from all skin tumors, skin
from treated and untreated sites and any grossly observable masses.
There was no significant difference between the survival of the negative
controls and any of the groups receiving gas oil. Survival of the positive
control group was poorer than the negative controls. Dermal irritation
occurred in the groups exposed to gas oil. The dermal irritation scores
were:
Group
Range of scores
Mean dermal
score
Negative control
0-0.22
0.06
100% gas oil 2X/week
0-4.0
2.0
50% gas oil 4X/week
0-0.5
0.09
28.5% gas oil 7X/week
0-0.47
0.02
Positive control
0-2.0
0.73
There were no other treatment-related clinical findings. Treatment did not
have any adverse effect on body weights. Treatment related findings at
post mortem were limited to dermal irritation and were consistent with the
findings of the in-life phase of the study.
Liver masses and gastrointestinal abnormalities were observed but these
were found in all groups and were considered to be incidental.
Tumors developed in the positive control group and in two of the gas oil
groups thus:
Group

Animals with Animals with
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Negative control
Positive control
100% MD-6
50% MD-6
28.5% MD-6

skin masses
0
47
2
0
1

confirmed tumors
0
47
4
0
1

In the group receiving undiluted MD-6 one animal had developed a basal
cell carcinoma and one animal a squamous cell carcinoma. 3 mice had
developed papillomas. A squamous cell carcinoma was observed in one
animal receiving 28.5% MD-6 seven days a week. The tumor incidence
was highest in the group in which skin irritation was greatest with no tumors
developing in the middle dose group. The report suggests that the single
tumor that developed in one mouse in the lowest dose group could have
been spontaneous.
(1) valid without restriction
(49)

Reliability

:

Species
Sex
Strain
Route of admin.
Exposure period
Frequency of treatm.
Post exposure period
Doses
Result
Control group
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:
:
:
:
:

mouse
male
C3H
dermal

Method

:

Result

:

50 microliters of undiluted test material was applied to the
shorn dorsal skin of a group of 50 male mice twice weekly
for the lifetime of the animals. The applied dose was not
spread mechanically or covered, but was allowed to spread of
its own accord.
A group of 50 male mice served as sham-treated controls.
Animals were observed twice daily on weekdays and daily on
weekends throughout the study. Any mouse considered not
likely to survive until the next observation time was
sacrificed and necropsied.
Body weights were recorded prior to initiation of the study,
then weekly for the first four weeks, biweekly for the
following 8 weeks and monthly thereafter. Animals with one
or more skin masses were excluded from the body weight
database to preclude skewing of the data.
All mice were subjected to an extensive necropsy and a wide
range of tissues were fixed for subsequent histopathological
examination.
Five mice died during the first nine weeks of the study.
None of the deaths were considered to be treatment-related
and were excluded from any subsequent statistical analysis.
The mean lifespan of the treated mice was 78.1 ± 24.2 weeks
which was significantly shorter than 91.8 ± 82.5 weeks for
the controls. When the data were assessed in 12 week
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intervals, the mortality rate of the treated mice was
greater than the controls.
There was a significant increase (9 vs. 0) in the incidence
of malignant skin tumors (squamous cell carcinoma or
fibrosarcoma) in the treated mice compared to the controls.
The mean time to appearance of histologically confirmed
tumors was 94.4 ± 9.4 weeks.
The body weights and body weight gains of the treated mice
were greater than those for the controls. Unexplainably, by
the end of the first year, the treated rats were on average
3 g heavier than the controls (33 vs. 3 g) and this
difference remained throughout the study, the reason for
which is not clear.
Seven of the 46 treated mice developed skin masses compared
to zero out of 49 in the control group. The first of the
masses was recorded during the 84th week. Other lesions of
the treated skin included sloughing of the skin and lesions
resembling infection both of which were seen more frequently
in the treated animals. Increased motor activity lasting for
one to two hours was a consistent observation in the treated
mice but only seen in one of the sham-treated controls. Four
treated mice were observed with rectal prolapse but this was
not seen in the control animals. Some age-related changes
were observed in both treated and control animals but hair
loss, distended abdomens, abdominal masses and distended
penises was observed more frequently in the treated animals
than in the controls.
At necropsy none of the control mice had skin masses while
masses were observed in seven of the treated mice.
Lesions observed in both groups but more frequently in the
treated animals are shown below:
Treated Control
Final group size
46
49
Sloughing skin at the application site
41
1
Lesions resembling infection of the skin 18
2
Inguinal lymph node enlargement
29
16
Enlargement of the spleen
10
5
Distension of urinary bladder
8
1
Presence of calculi in the urinary bladder 4
0
Masses/nodules of the kidneys
5
0
All other observations at necropsy occurred in both treated
and control animals at a similar incidence.
The only tissues that were processed for histopathology were
the treated skin from all mice and all tissues considered to
be outside normal limits at necropsy.
With the exception of those listed below, all lesions
observed during microscopic examination were considered to
be spontaneous and common for ageing mice of the strain.
Treated Control
Final group size
46
49
ORGAN/LESION
Skin
Squamous cell carcinoma
8/46
0/49
Fibrosarcoma
1/46
0/49
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Acanthosis
33/46
1/49
Hyperplasia
1/46
0/49
Hyperkeratosis
2/46
0/49
Dermis - fibrosis/fibroplasia
26/46
0/49
Necrosis
8/46
1/49
Inflammation
3/46
0/49
Ulceration
1/46
0/49
Epidermal inclusion cyst
1/46
0/49
Accumulation of pigment
6/46
0/49
Dermatitis
1/46
0/49
Non-treated skin
Squamous cell carcinoma
1/46
0/49
Liver*
Hepatocellular carcinoma
22/29
25/36
Hepatocellular adenoma
4/29
4/36
Lungs*
Bronchogenic carcinoma
0/7
2/17
Alveologenic carcinoma
1/7
1/17
Alveologenic adenoma
2/7
1/17
Hematopoietic lymphoreticular system*
Malignant lymphoma
0
1/35
Pancreas+
Islet cell adenoma
0
1/1

Test substance

:

*
Incidence of lesions in these organs based on
exhibiting gross abnormalities at necropsy.
SAMPLE LF-7765 RI was described as a pink liquid with a
viscosity similar to that of gasoline.

29.07.2003

number

(99)
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5.8.2

DEVELOPMENTAL TOXICITY/TERATOGENICITY

Species
Sex
Strain
Route of admin.
Exposure period
Frequency of treatm.
Duration of test
Doses
Control group
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:
:
:

Rat
Female
Sprague-Dawley
Dermal
Days 0 to 19 of gestation
Daily
Up to gestation day 20
25, 50, 125, 250, 500 & 1000 mg/kg
Yes
1987
No data
Mobil Light Cycle Oil (LCO) (See section 1.1.1.)

Method

:

Prior to dosing, females (approximately 12 weeks old) were paired and the
appearance of a vaginal plug or the presence of spermatozoa in vaginal
lavage fluid was taken to indicate that mating had occurred. This was
taken to be day 0 of the study. The presumed-pregnant rats were
distributed into the following groups each of 10 animals.
Light cycle oil (LCO) was applied daily to the shorn dorsal skin at the dose
levels shown below and for the duration indicated. The rats were fitted with
collars to prevent oral ingestion of the applied material. Since it was
believed that inhalation of test material could be a confounding factor a
second group of controls (remote controls) were housed in an area in
which they could not inhale gas oil that had been applied to other animals.
The study design is outlined as follows:
Dose level
Dosing
(mg/kg/day)
days*
Group 1
Group 2
Group 3
Group 4
Group 5
Group 6
Group 7
Group 8A
Group 8B

0 (Remote sham control)
0 (Proximal sham control)
25
50
125
250
500
1000
1000

0-19
0-19
0-19
0-19
0-19
0-19
0-19
0-6
6-15

* denotes days of gestation
Observations were made daily for clinical signs. Body weights and food
consumption were recorded regularly throughout the study.
Each female was sacrificed on day 20 of presumed gestation and the
thoracic and abdominal cavities were examined grossly. The uterus and
ovaries were removed and examined grossly. The number of corpora lutea
per ovary for each rat was recorded. The ovaries of non-pregnant females
were examined and then discarded. Uterus weights were also determined.
The uterine contents of each pregnant rat were exposed and a record
made of the number and location of all implantations.
At necropsy, blood samples were taken from all the animals and the
following clinical chemical measurements were made:
Alanine aminotransferase
Glucose
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Albumin
Albumin/globulin ratio
Alkaline phosphatase
Aspartate aminotransferase
Bilirubin (total)
Calcium
Chloride
Cholesterol
Creatinine
Globulin

Lactate dehydrogenase
Inorganic phosphorus
Potassium
Sodium
Sorbitol dehydrogenase
Total protein
Triglycerides
Urea nitrogen
Uric acid

Fetuses were examined and half were preserved for examination of soft
tissue abnormalities, the remainder being differentially stained for skeletal
examination.
Statistical analysis
Maternal biphase data, cesarian section data and fetal data were evaluated
staistically by analysis of variance followed by group comparisons using
Fisher's exact or Dunnet's test.
Serum chemistry data were analyzed for analysis of variance followed by
comparisons using Tukey's test.

Result

Reliability

:

:

For all statistical analyses, differences between control and treated groups
were considered to be significant if the probability of the difference being
due to chance was less than 5% (p< 0.05)
Erythema and flaking of the skin were observed in all groups exposed to
LCO. Eschar, fissuring, scabbing and scar formation was observed in all
but the 25 mg/kg group. Sensory Irritation was particularly severe in the
500 and 1000 mg/kg groups.
At doses higher than 25 mg/kg there was a decrease in body weight and
body weight gain compared to the controls and this was accompanied by a
reduction in food consumption.
There were no treatment-related findings at necropsy.
In the clinical chemical measurements there were no differences recorded
for the 1000 mg/kg animals. However, cholesterol and triglycerides were
increased in the 250, 500 and 1000 mg/kg groups. The dose-response
was linear only for triglycerides.
Fetal body weights were reduced only in the 500 and 1000 mg/kg groups
and statistical significance was achieved only in the latter group.
The number of malformations (soft tissue and skeletal) that occurred are
tabulated below
Group
No. affected/ No. fetuses
No. litters
(mg/kg)
No. examined with >1
adversely
anomaly
affected
0
4/135
2
2
0
137
0
0
25
1/143
1
1
50
0/111
0
0
125
0/148
0
0
250
1/136
1
1
500
2/112
2
2
No anomalies were seen in either of the 1000 mg/kg groups.
(2) valid with restrictions
The report reviewed was incomplete and only a textual description (no data
tables) was given of the anomalies observed.
(58)
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Species
Sex
Strain
Route of admin.
Frequency of treatm.
Duration of test
Doses
Control group
NOAEL maternal tox.
NOAEL teratogen.
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:
:
:
:

Rat
Female
Sprague-Dawley
Dermal
Once daily
From days 0-20 of gestation
50, 150 & 500 mg/kg/day
Yes
< 50 mg/kg bw
50 mg/kg bw
1994
Yes
Test material F-215 is a straight run gas oil and has the following
composition:
Saturates
65.4%
Aromatics
34.6%

Method

:

Prior to the conduct of the developmental toxicity screen a screening study
for skin irritation was carried out.
The irritation screen was conducted in four female rats at dose levels of
250, 500 and 1000 mg/kg/day. The test material was applied undiluted
daily for seven days.
No mortality was observed during this screening study and slight to
extreme erythema, edema, eschar and dry skin were noted in all dose
groups. Animals in the 250 mg/kg/day group gained body weight during
the study.
Weights decreased for one of four animals in the 500 mg/kg/day group and
also for three of the four animals in the highest dose group.
Developmental toxicity
Undiluted test material was applied once daily to the clipped skin on the
backs of groups of 12 presumed-pregnant female rats, aged 12-13 weeks,
on days 0 to 20 of gestation at doses of 50, 150 and 500 mg/kg/day.
Application sites were alternated (intrascapular and lumbar) to reduce skin
irritation. Elizabethan collars were fitted to the rats for 6 hours after each
application to reduce oral intake of test material. Any residual test material
was wiped from the skin prior to collar removal.
Each animal was observed twice daily for signs of toxicity. Body weights
were recorded on days 0, 4, 8, 12, 16 and 20 of gestation and food
consumption was recorded for the periods 0-4, 4-8, 8-12, 12-16 and 16-20
days of gestation and days 0 and 4 of lactation.
Each litter was observed daily during days 0 through 4 of lactation for signs
of toxicity and mortality.
Each female that was mated was sacrificed and necropsied. Females that
delivered a litter were necropsied on day 4 of lactation whilst all other
animals were necropsied on presumed day 25 of gestation.
The necropsy included a gross examination of the external body surfaces,
orifices and the cervical, thoracic and abdominal viscera.
The number of implantation sites was recorded. Uteri that appeared nongravid were placed in 10% ammonium sulfide to reveal any implantation
sites. If none were found the animal was considered to be non-pregnant.
Dead pups were removed, examined externally and discarded.
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Statistical analysis
Body weight and food consumption data
A Bartlett's test was performed to determine if the dose groups had equal
variance at the 1% level of significance. If the variances were equal, the
testing was done using parametric methods, otherwise non-parametric
methods were used.
The parametric procedure was a one-way analysis of variance. Dunnett's
test was used to assess significance of differences between test and
control. In addition, a standard regression analysis for linear response in
the dose groups was performed. The regression also tested for linear lack
of fit in the model.
For the non-parametric procedure a Kruskal-Wallis test was performed. If
there were significant differences between the means a Dunn's Summed
Rank test was used to determine which treatment groups differed
significantly from control. In addition Jonckheere's test for monotonic trend
in the dose response was performed.
Test for equal variance (Bartlett) was conducted at the 1% level of
significance. All other tests were conducted at the 5% and 1% levels of
significance.

Result

:

Reproductive data and litter data
For number of implantation sites, gestation length, total number of pups per
litter and number of live pups per litter, normal probability plots of the
residuals by treatment group were used to judge whether or not departure
from the assumptions of normality and homogenous variance were
sufficient to invalidate the usual analysis of variance. If the usual analysis
was invalid, a weighted General Linear Model (GLM) analysis was used,
where the weight were proportional to the reciprocal of the variance. If the
usual analysis was valid, the data were analyzed with a non-weighted
GLM.
There were no mortalities in the study and there were few treatment-related
clinical signs of toxicity. These consisted of yellow, yellow/brown,
yellow/orange or red/yellow stained coats for eight animals in the highest
dose group. Alopecia was also noted in a few animals in this dose group.
Although there were no significant changes in growth rates in either the 50
or 150 mg/kg/day groups body weights were reduced in the highest dose
group when compared to controls. The differences occurred from day 4 of
gestation onwards and throughout lactation.
Body weight changes were also significantly less throughout gestation in
the highest dose group when compared to controls. However, body weight
changes for the highest dose group were significantly higher than controls
through lactation. This was attributed to a cessation of exposure to the test
material and recovery during this period.
There were no significant differences in absolute or relative food
consumption for animals in the lowest dose group throughout gestation
when compared to controls.
In the 150 mg/kg/day group absolute food consumption was unaffected but
food consumption relative to body weight was significantly higher than that
for controls during days 16-20 of gestation.
In the 500 mg/kg/day group Absolute food consumption was higher than
controls during lactation. Relative food consumption was higher than
controls from day 12 to the end of the study.
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Skin irritation occurred in all dose groups during the study as follows:
50 mg/kg/day
Erythema
slight to extreme (primarily slight to moderate)
Edema
slight to moderate
Eschar
slight to extreme (primarily slight to moderate)
150 mg/kg/day
Erythema
slight to extreme (primarily slight to moderate)
Edema
slight to extreme (primarily slight to moderate)
Eschar
slight to extreme (primarily slight to moderate)
500 mg/kg/day
Erythema
slight to extreme (primarily moderate to extreme)
Edema
slight to extreme (primarily moderate to extreme)
Eschar
slight to extreme (primarily moderate to extreme)
Fissuring in two animals for two days
Apart from skin irritation there were no other treatment-related findings at
gross necropsy.
Reproduction and litter data are summarized in the following table.
Dose group (mg/kg/day)
Parameter
0
50
150
500
No. pregnant animals 15
11
10
12
No. that delivered
15
11
10
12
Mean gestation (days) 22.1
22.2
21.8
21.9
Mean No. implantation sites
16.0
15.6
17
16.6
No. litters with live pups
15
11
9
12
Mean No. live pups
Day 0
14.9
13.5
14.9
15.1
Day 4 survival 97%
99%
99%
70%
Mean Wt. (g) live pups (adjusted)
Day 0
6.55
6.65
Day 4
9.89
10.52
Proportion males (adjusted)
Day 0
0.49
0.49
Day 4
0.49
0.48

6.10
8.41

5.56
6.94

0.48
0.47

0.49
0.51

In conclusion:
Developmental effects
At 150 mg/kg/day pup body weights were significantly lower than controls.
At 50 mg/kg/day there were no significant effects on litter data.
Maternal effects
At 50 mg/kg/day there was significant skin irritation in the parental animals.
The no observable adverse effect level for maternal toxicity was, therefore,
less than 50 mg/kg/day and for developmental toxicity was 50 mg/kg/day.
Reliability

:

(2) valid with restrictions
The study was well reported but was only a screening study and did not
cover fully the developmental toxicity endpoint.
(61)
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Species
Sex
Strain
Route of admin.
Frequency of treatm.
Duration of test
Doses
Control group
NOAEL maternal tox.
NOAEL teratogen.
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:
:
:
:

Rat
Female
Sprague-Dawley
Dermal
Once daily
Days 0 through 20 of gestation
125, 250 & 1000 mg/kg/day
Yes
< 125 mg/kg bw
250 mg/kg bw
1994
Yes
Sample F-220 consisted of:
77.7% saturates
22.3% aromatics

Method

:

Undiluted test material was applied once daily to the clipped skin on the
backs of groups of 15 presumed-pregnant female rats, aged 14-15 weeks,
on days 0 to 20 of gestation at doses of 125, 250 mg/kg/day. A further
group of 15 presumed-pregnant rats of the same age received test material
at a dose level of 1000 mg/kg/day from day 5 through 9 of gestation. A
group of 20 presumed-pregnant rats of the same age served as sham
treated controls. Application sites were alternated (intrascapular and
lumbar) to reduce skin irritation. Elizabethan collars were fitted to the rats
for 6 hours after each application to reduce oral intake of test material. Any
residual test material was wiped from the skin prior to collar removal.
Each animal was observed twice daily for signs of toxicity. Body weights
were recorded on days 0, 4, 8, 12, 16 and 20 of gestation and food
consumption was recorded for the periods 0-4, 4-8, 8-12, 12-16 and 16-20
days of gestation and days 0 and 4 of lactation.
Each litter was observed daily during days 0 through 4 of lactation for signs
of toxicity and mortality.
Each female that was mated was sacrificed and necropsied. Females that
delivered a litter were necropsied on day 4 of lactation whilst all other
animals were necropsied on presumed day 25 of gestation.
The necropsy included a gross examination of the external body surfaces,
orifices and the cervical, thoracic and abdominal viscera.
The number of implantation sites was recorded. Uteri that appeared nongravid were placed in 10% ammonium sulfide to reveal any implantation
sites. If none were found the animal was considered to be non-pregnant.
Dead pups were removed, examined externally and discarded.
Statistical analysis
Body weight and food consumption data
A Bartlett's test was performed to determine if the dose groups had equal
variance at the 1% level of significance. If the variances were equal, the
testing was done using parametric methods, otherwise non-parametric
methods were used.
The parametric procedure was a one-way analysis of variance. Dunnett's
test was used to assess significance of differences between test and
control. In addition, a standard regression analysis for linear response in
the dose groups was performed. The regression also tested for linear lack
of fit in the model.
For the non-parametric procedure a Kruskal-Wallis test was performed. If
there were significant differences between the means a Dunn's Summed
Rank test was used to determine which treatment groups differed
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significantly from control. In addition Jonckheere's test for monotonic trend
in the dose response was performed.
Test for equal variance (Bartlett) was conducted at the 1% level of
significance. All other tests were conducted at the 5% and 1% levels of
significance.

Result

:

Reproductive data and litter data
For number of implantation sites, gestation length, total number of pups per
litter and number of live pups per litter, normal probability plots of the
residuals by treatment group were used to judge whether or not departure
from the assumptions of normality and homogenous variance were
sufficient to invalidate the usual analysis of variance. If the usual analysis
was invalid, a weighted General Linear Model (GLM) analysis was used,
where the weight were proportional to the reciprocal of the variance. If the
usual analysis was valid, the data were analyzed with a non-weighted
GLM.
There were no mortalities during the study.
The only clinical observation was dermal irritation which was observed in
all dose groups as follows:
125 mg/kg/day
slight to extreme (primarily slight to moderate)
erythema, edema, eschar and dry skin.
250 mg/kg/day

slight to extreme (primarily moderate to extreme)
erythema, eschar and dry skin. Slight to moderate
edema. Slight fissuring noted in one female on
gestation days 5 through 10.

1000 mg/kg/day

Slight to extreme (primarily moderate to extreme)
erythema, edema, eschar and dry skin.

There were no effects on either body weights or body weight changes in
the 125 and 250 mg/kg/day groups. However body weight changes were
significantly lower than controls for the 1000 mg/kg/day group during the
period days 4 through 12 of gestation. From day 16 to day 20 of gestation,
body weight changes were higher in the treated group than the controls.
Food consumption was unaffected in the 125 mg/kg/day group.
Minor differences in the 250 mg/kg/day group were not considered to be
toxicologically significant.
In the 1000 mg/kg/day group absolute food consumption was lower than
controls on gestation days 8 to 12 but was higher than controls days 16 to
20. This was accompanied by similar changes in relative food
consumption. The higher values occurred after cessation of exposure to
the test material.
The only finding at gross necropsy that was considered to be treatmentrelated was that of skin irritation.
The litter data are summarized in the following table.
Dose group (mg/kg/day)
Parameter
0
125
250
1000
No. pregnant animals 16
14
13
14
Mean gestation (days) 22.4
22.4
22.1
22.1
Mean No. implantation sites
16.1
16.8
17.2
17.7
No. litters with live pups
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16
Mean No. live pups
Day 0
14.4
Day 4 survival 93%

Reliability

:

14

13

14

14.9
92%

16
93%

15.8
91%

Mean Wt. (g) live pups (adjusted)
Day 0
6.33
6.45
6.36
6.33
Day 4
8.2
8.59
8.56
8.43
Proportion males (adjusted)
Day 0
0.49
0.52
0.46
0.49
Day 4
0.51
0.51
0.49
0.50
(2) valid with restrictions
The study was well reported but was only a screening study and did not
cover fully the developmental toxicity endpoint.
(62)

Species
Sex
Strain
Route of admin.
Exposure period
Frequency of treatm.
Duration of test
Doses
Control group
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:
:
:

Rat
Female
Sprague-Dawley
Dermal
Days 0-19 of gestation
Daily
Days 0-19 of gestation
15, 60, 250 & 500 mg/kg/day
Yes
1988
Yes
Coker Light Gas Oil (CLGO) see section 1.1.1.

Method

:

Coker Light Gas Oil (CLGO) was applied daily to the shorn dorsal skin of
groups of ten presumed-pregnant female rats (aged approximately 7
weeks) at the dose levels shown below and for the duration indicated.
Since it was believed that inhalation of test material could be a confounding
factor a second group of controls (remote controls) were housed in an area
in which they could not inhale gas oil that had been applied to other
animals.
Groups 1-6 inc. were designated prenatal toxicity groups and were
sacrificed on day 20 of gestation. Groups 7 & 8 were postnatal toxicity
groups and were sacrificed on day 4 post partum.
The bioavailability group animals were sacrificed on day 13 of gestation.
The study design is outlined as follows:
Dose level
Dosing
(mg/kg/day)
days*
Prenatal toxicity group
Group 1
0 (Remote sham control)
0-19
Group 2
0 (Proximal sham control)
0-19
Group 3
15
0-19
Group 4
60
0-19
Group 5
250
0-15**
Group 6
500
10-12
Postnatal toxicity group
Group 7
0 (Sham control)
0-19
Group 8
60
0-19
Bioavailability group (5 rats only)
Group 9
500
10-12
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*
denotes days of gestation
**
dosing was stopped after day 15 because of severe dermal irritation
Observations were made daily for clinical signs. Body weights and food
consumption were recorded regularly throughout the study.
Each female in the prenatal toxicity groups were sacrificed on day 20 of
presumed gestation and the thoracic and abdominal cavities were
examined grossly.
The uterus and ovaries were removed and examined grossly. The number
of corpora lutea per ovary for each rat was recorded. The ovaries of nonpregnant females were examined and then discarded. Uterus weights
were also determined. The uterine contents of each pregnant rat were
exposed and a record made of the number and location of all
implantations.
At necropsy, blood samples were taken from all the animals and the
following clinical chemical measurements were made:
Alanine aminotransferase
Glucose
Albumin
Iron
Albumin/globulin ratio
Lactate dehydrogenase
Alkaline phosphatase
Inorganic phosphorus
Aspartate aminotransferase
Potassium
Bilirubin (total)
Sodium
Calcium
Sorbitol dehydrogenase
Chloride
Total protein
Cholesterol
Triglycerides
Creatinine
Urea nitrogen
Globulin
Uric acid

Fetuses were examined and half were preserved for examination of soft
tissue abnormalities, the remainder being differentially stained for skeletal
examination.
Animals in the post natal groups (parents and offspring) were sacrificed on
day 4 post partum. The thoracic and abdominal cavities of each dam were
exposed and all organs were examined grossly for abnormalities. The
uterus was excised and examined for total number of implantations.
Thymus and liver weights were recorded. Although the pups were
preserved in fixative, no evaluations were performed.
Animals in the bioavailability group were treated dermally with CLGO
containing two radiolabelled markers on gestation days 10, 11 and 12 in
metabolism cages. CLGO was applied at a dose of 500 mg/kg and each
3
14
ml of CLGO contained 15.12 µCi of H-BaP and 15.07 µCi of Ccarbazole.
24 hours after the third application of the labeled CLGO, the animals were
killed and blood samples were collected. The amniotic fluid of each of the
fetuses was collected. Embryo was separated from the yolk sac and
placentae, embryos, amniotic fluid and yolk sacs were pooled for each dam
and the weights and volumes were determined.
Maternal tissues collected for radioactivity analysis included: blood,
thymus, liver, heart, brain, small intestine, large intestine, kidneys, spleen,
stomach, ovaries, urinary bladder, lungs, muscle, retroperitonel fat, femur
and residual carcass. Urine, cage wash and fecal samples were collected
from the metabolism cage and analyzed for radioactivity.
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Statistical analysis
Maternal biophase data, cesarean section data and fetal data were
evaluated statistically by analysis of variance followed by group
comparisons using Fisher's exact or Dunnet's test.
Serum chemistry data were analyzed for analysis of variance followed by
comparisons using Tukey's test.

Result

:

For all statistical analyses, differences between control and treated groups
were considered to be significant if the probability of the difference being
due to chance was less than 5% (p< 0.05)
The only clinical signs that were considered to be substance-related are
those of skin irritation, which ranged from moderate to severe. Erythema,
flaking, scabbing and thickening of the skin was observed in all groups
exposed to CLGO. In those animals exposed to CLGO for more than 16
days fissuring, eschar and necrosis of the skin was also observed.
Growth rates were normal except for those of the 250 and 500 mg/kg day
groups whose body weights were significantly less than controls at day 20
of gestation. The mean maternal weight gains throughout gestation are
shown in the following table
Dose group (mg/kg/day)
1
2
O(R) 0(P)
15
60
250
Day 0-20 weight gain of prenatal groups
bd
Mean 164
171
153
163
133
SD
18
24
15
18
19
3
N
10
9
10
9
9
Day 0-20 weight gain of post natal groups
d
Mean
163
135
SD
14
24
N
10
9
1
2
3
b
c
d

500
c

147
5
10

Remote control group
Proximal control group
No. of pregnant dams
P <0.01 compared to group 1
P <0.05 compared to group 2
P <0.01 compared to group 2

The body weight changes of controls and treated groups in the post-partum
animals were comparable.
Food consumption of the 500 mg/kg/day group was significantly less than
controls throughout the study. Those animals in the 250 mg/kg/day group
consumed less food than the remote control group during most of gestation
up to day 13 after which they were consuming less food than either of the
control groups.
At necropsy, thymus weights in the 250 mg/kg/day group were found to be
less than the controls but the differences were not statistically significant.
The authors did not consider the differences to be treatment related.
None of the following parameters for any CLGO dose group were different
from control values:
No. females aborted
No. dams with viable fetuses
No. dams with all resorptions
Female mortality
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No. corpora lutea
No. implantation sites
% preimplantation loss
No. viable fetuses
Litter sizes
Viable male fetuses
Viable female fetuses
Dead fetuses
No. resorptions
No. dams with resorptions
No effects were observed in any of the clinical chemical analyses.
Mean fetal body weights and crown-rump length measurements were
unaffected by exposure of the dams to CLGO.
The anomalies observed in the fetuses were considered probably not
exposure-related since they either occurred at a low incidence and/or also
occurred in the control groups.
(1) valid without restriction
(57)

Reliability

:

Species
Sex
Strain
Route of admin.
Exposure period
Frequency of treatm.
Duration of test
Doses
Control group
NOAEL maternal tox.
NOAEL teratogen.
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:
:
:
:
:
:

rat
female
Sprague-Dawley
inhalation
Days 6 through 15 of gestation

Method

:

Groups of 10 presumed-pregnant female rats (224-230 g) were
exposed in chambers to diesel fuel at nominal atmospheric
concentrations of 100 and 400 ppm. A further group of
presumed-pregnant females served as controls. Exposures were
for 6 hours each day from day 6 through day 15 of gestation.
Food and water were provided ad libitum except during the
exposure periods.
The rats were weighed on days 0, 6, 15 and 20 of gestation.
Food intakes were assessed for the periods days 0-6, 7-15
and 16-20. There were daily observations for general
appearance, behaviour and condition.
On day 20 of gestation the rats were killed and the visceral
and thoracic organs were examined. The uterus was removed
and opened and a record made of the number of implantation
sites and their placement in the uterine horns, the number
of fetuses (alive and dead), and the number of resorption
sites.
Fetuses were removed and weighed and were examined
externally for abnormalities.
One third of the fetuses were fixed for subsequent
examination for changes in the soft tissues of the head,
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thorax and visceral organs. The remaining fetuses were
examined for skeletal abnormalities after staining with
Alizarin Red S.
The uterus and ovaries were preserved in fixative for
possible future examination.

Result

:

Statistical analysis
Analysis of the data was performed using the litter as a
basic sampling unit.
Dunnet's t-test was used to determine statistical
significance (p<0.05) for differences between means with
near normal distributions (body weights, food consumption of
dams, mean pup weight based on litter averages).
Ratios (nidation index and live fetuses/implantation sites
ratio) were analyzed with a 2 x 2 contingency table with
Yate's correction. A wilcoxon Rank Sum was used for
discontinuous parameters (e.g. number of abnormal fetuses
within a litter).
After analysis of samples collected during the exposure the
mean chamber concentrations of diesel fuel were found to be
0, 101.8 (± 2.4) and 401.5 (± 15.39) ppm.
There were no deaths during the study and all animals were
normal in appearance throughout. At necropsy two 400 ppm
animals had dark mottled lungs and one 100 ppm animal had
two pups with a common placenta. Neither of these
observations are considered to be treatment-related.
Body weights were not affected by exposure to the test
material. Food consumption of treated and control animals
was similar at the time periods examined except for the 400
ppm group which had a reduced food intake during the
gestation period, days 7-15 only.
No treatment-related changes were observed on observation of
the uterine contents.
There was no difference in sex ratios attributable to
exposure to test material. The actual numbers were:
Exposure
0 ppm
101.8 ppm
401.5 ppm

Males Females
29
32
35
37
35
25

No treatment-related differences were found in any of the
following parameters:
Nidation index (females with implantations/bred)
Females dying prior to cesarian section
Live litters
Implantation sites (for each uterine horn)
Resorptions
Litters with resorptions
Dead fetuses
Litters with dead fetuses
Live fetuses/implantation site
Mean live litter size
Average fetal weight
Examination of the offspring at delivery revealed no visible
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abnormalities except for subcutaneous hematomas which
occurred as follows:
0 ppm group 1
101.8 ppm group 4
401.5 ppm group 4
There were no abnormalities found in the soft tissues of the
fetuses after examination of the Bouin's fixed specimens.
Some changes were observed during the skeletal examination
of the stained fetuses. The "unusual changes" shown in the
following table consisted of retarded bone ossification and
were not malformations as such. It was noted in the report
that such changes, although not normal, were frequently
observed in 20 day old fetuses of the strain and source of
rat used in the study. The report concluded that neither the
frequency nor the character of the changes indicated an
adverse effect on fetal growth and development or a
teratogenic potential.
Exposure Fetuses
(ppm)

Reliability

:

Fetuses Fetuses with

Fetuses
with
examined normal commonly found unusual
changes
skeletal
variations

0
127 (16) 70 (16) 50 (14)
7 (3)
101.8
155 (19) 68 (16) 70 (18)
17 (8)
401.5
128 (16) 66 (16) 62 (15)
0 (0)
Figures in parenthesis indicate No. of litters
(2) valid with restrictions
The study was subjected to a Quality Assurance inspection
but there is no information regarding compliance with GLP
requirements. Nevertheless the study was well conducted and
reported and is considered reliable.

03.11.2003

(69)

High Production Volume Information System (HPVIS)

DEVELOPMENTAL TOXICITY/TERATOGENICITY
TEST SUBSTANCE
Category
Chemical:
Test
Substance:
Test
Substance
Purity/Compos
ition
and Other
Test
Substance
Comments:

64741-59-9
64741-59-9; Light Cycle Oil (LCO); FCCU Light Cycle Oil
Light Cycle Oil (F-213)
PAC Content – report no. 65726-ZA-ZR (Mobil, 1994)
Sample #
091681(F213)

DMSO
1
wt.%

1-ARC
2
(%)
0.20

2ARC(%)
4.00

3-ARC
(%)
4.00
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1) Percent of DMSO-extractable materials (mostly PACs), determined by the PAC 2 method as
described in API (2008).
2) ARC is “aromatic ring class”. “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.
Category
Chemical
Result Type :
Unable to
Measure or
Estimate
Justification :

Measured

METHOD
Route of
Administration
:
Other Route of
Administration
:
Type of
Exposure:
Species:

Dermal, non-occluded

Developmental toxicity
Rat

Other
Species:
Mammalian
Strain:
Other Strain:

Not applicable

Gender:

Females (non treated males used for mating)

Number of
Animals per
Dose:
Concentration:
Dose:
Year Study
Performed :
Method/Guidel
ine Followed:
GLP:
Exposure
Period:
Frequency of
Treatment:
Post-Exposure
Period:
Method/Guidel
ine
and Test
Condition
Remarks:

Sprague-Dawley (Charles River, Wilmington, MA)
Not applicable

12 at 50, 333, or 1000 mg/kg dose level of test material
15 per dose for sham control

0, 50, 333, 1000 mg/kg/day
1994
Other
No information
Gestation day (GD) 0 to 20
Once per day
None
The study was designed to determine the developmental toxicity of LCO (F-213) following dermal
administration to female rats daily for days 0 through day 20 of gestation.
Prior to the initiation of dosing with the test material, females were placed with untreated males
(approximate 1:1 ratio). Females that exhibited positive signs of mating were randomly assigned to
four treatment groups. Males were not treated. The treatment groups and time exposure periods
were as follows, where designation as GD 0 followed detection of sperm in a vaginal smear or a
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copulatory plug:
Sham control 0 mg/kg/day – 15 animals (GD 0-20)
LCO 50 mg/kg/day – 12 animals (GD 0-20)
LCO 333 mg/kg/day – 12 animals (GD 0-20)
LCO 1000.mg/kg/day – 12 animals (GD 0-20)
At the completion of mating, all males and those females that did not exhibit positive evidence of
mating were sacrificed.
The test material was administered to groups 2-4 on GD 0 through GD 20. The test article was
applied to previously clipped, intact dermal sites on the backs of female animals. Test article was
applied to alternating sites (intrascapular and lumbar regions). Elizabethan collars were applied
just prior to dosing and were removed no sooner than 6 hours later. At the time of collar removal,
any excess test article was wiped from the application site. The dose administered was based
upon the GD 0 body weight. With the exception of test article application, control animals
underwent the same procedures as treated animals. Dosing was based on the results of an
irritation pre-screening test conducted prior to initiation of the developmental study.
The animals used in the study were between 12 and 13 weeks of age at exposure initiation.
Upon initiation of treatment, each female was observed twice daily for viability. Each rat was
observed at least once a day throughout gestation until sacrifice for changes in appearance,
behavior, excretory function, and general signs of ill-health or abortion. All unusual findings were
noted.
Individual body weights were recorded at receipt, near the end of the quarantine period, on days 0,
4, 8, 12, 16, and 20 of gestation, and on days 0 and 4 of lactation. Individual food consumption
was measured for days GD intervals 0-4, 4-8, 8-12, 12-16, and 16-20; and for days 0-4 of lactation
(postnatal period).
Each litter was observed daily during lactation day 0 (day of parturition) through 4 for signs of
toxicity and mortality. On lactation days 0 and 4, the weight and sex of each live pup was recorded.
Each female that mated was sacrificed by overexposure to carbon dioxide and necropsied.
Females that delivered a litter were necropsied on day 4 of lactation and those that did not deliver a
litter were necropsied on presumed GD 25.
The necropsy included a gross examination of the external body surfaces, orifices, and the cervical,
thoracic and abdominal viscera. The number of implantation sites was recorded for all females,
including those that appeared non-gravid. Dead pups were removed, examined externally and
discarded. On lactation days 0 and 4, the sex and weight of each pup was recorded. On day 4 of
lactation, all surviving pups were examined externally, sacrificed with carbon dioxide, and
discarded.
STATISTICAL ANALYSES: Data for female body weight and food consumption were evaluated by
ANOVA. First, Bartlett's test was performed to determine if the dose groups had equal variance at
the 1percent level of significance. If the variances were equal, the testing was done using
parametric methods; otherwise, nonparametric techniques were used. For the parametric
procedures, a standard one way ANOVA using the F distribution to assess significance was used. If
significant differences among the means were indicated, Dunnett's test was used to determine
which treatment groups differed significantly from control. In addition to the ANOVA, a standard
regression analysis for linear response in the dose groups was performed. The regression also
tested for linear lack of fit in the model.
For the nonparametric procedures: the test of equality of means was performed using the KruskalWallis test. If significant differences among the means were indicated, Dunn's Summed Rank test
was used to determine which treatment groups differed significantly from control. In addition to the
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Kruskal-Wallis test, Jonckheere's test for monotonic trend in the dose response was performed.
The test for equal variance (Bartlett) was conducted at the 1% level of significance. All other tests
were conducted at the 5% and 1% level of significance.
For reproductive and litter data, i.e., the number of implantation sites, gestation length, total number
of pups per litter and number of live pups per litter, normal probability plots of the residuals and
plots of residuals by treatment group were used to judge whether or not departure from the
assumptions of normality and homogeneous variance were sufficient to invalidate the usual
ANOVA analysis. If the usual analysis was invalid, a "weighted" General Linear Model (GLM)
analysis was used, where the weights were proportional to the reciprocal of the variance. If the
usual analysis was valid, the data were analyzed with a non-weighted GLM. All proportions (dead
pups at lactation day 0, pup alterations at lactation day 0, male pups at days 0 and 4, survival of
pups at lactation day 4) were analyzed by the “weighted" GLM, with litter size as the “weights" and
as a covariate in the model. The assumption was made that these weights were proportional to the
reciprocal of the variances. For all proportions and mean pup weight data, values were first derived
within the litter, and group mean values were derived as a mean of the individual litter mean values.
PAC Analysis:
The percent of each ring class was conducted in a separate study and determined by the PAC 2
method as described elsewhere. Briefly the PAC 2 is a single analytical method that involves
solvent extraction (DMSO) and an analysis of the DMSO-extracted concentrate of PACs by gas
chromatography with an FID or MS detector. The DMSO extraction procedure is selective for the
less polar PAC species, so that highly alkylated PACs are excluded from measurement. (API,
2008; and Mobil, 1994)
TEST RESULTS
Concentration ( LOAEL/LOAEC/NOAEL/NOAEC )
Value Description:

Value or Lower
Concentration:

LOAEL – Dermal Maternal

=

333

mg/kg/day

NOAEL- Dermal Maternal

=

50

mg/kg/day

LOAEL - Dermal Offspring (F1)

=

333

mg/kg/day

NOAEL - Dermal Offspring (F1)

=

50

mg/kg/day

Type

Results Remarks:

Population:

Upper
Concentration:

Units:

One female from the 333 mg/kg dose group was found dead on GD 20. One
other female in this dose group was sacrificed because of an accidental injury
on GD 7. No mortalities occurred in any of the other dose groups.
Slight eschar was noted at the control site of one sham control animal on GD 12
to 17. Slight to extreme (primarily slight to moderate) erythema and slight to
moderate edema, eschar and dry skin were observed at the test site for
animals in the 50 mg/kg dose group. Slight to extreme (primarily moderate to
extreme) erythema, edema, eschar, and dry skin were observed at the test site
for animals in the 333 mg/kg dose group. Slight fissuring was noted at the test
site for one animal in this dose group on GD 5, 6, 8, and 9. Slight to extreme
(primarily moderate to extreme) erythema, edema, eschar, and dry skin were
observed at the test site for animals in the 1000 mg/kg dose group.
Slight vaginal discharge, with duration of one day, was noted for one of the
females in the 0 mg/kg dose group. Slight to moderate (primarily slight) vaginal
discharge, occurring on one or two days, was noted for five of the females in
the 50 mg/kg dose group; the vaginal discharge was not considered
toxicologically significant because it was of limited duration, occurred soon after
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mating or around the time that the vascular membrane becomes visually
apparent, and was not accompanied by a significant decrease in litter size.
Slight to extreme vaginal discharge, which occurred over a period of one to
seven days, was noted for eight of the females in the 333 mg/kg dose group;
the vaginal discharge was considered to be related to treatment with the test
article. Slight vaginal discharge, which occurred over a period of one to five
days, was noted for three of the females in the 1000 mg/kg dose group; the
vaginal discharge was considered to be related to treatment with the test article,
because the vaginal discharge occurred over a period of three to five days for
two of the animals, and litter size was reduced.
In addition to vaginal discharge, paleness and cold to touch observations were
noted for one female in the 333 mg/kg dose group before it was found dead on
GD 20. Yellow-stained coats in the perineal region were noted for three females
in the 50 mg/kg dose group; the staining was slight and occurred only on one
day. Therefore, the staining was considered sporadic and unrelated to
treatment with the test article. Yellow-stained coats were
noted for six and ten females in the 333 and 1000 mg/kg dose groups,
respectively. The staining was slight to severe in nature, and generally occurred
in the perineal, inguinal, and abdominal regions. The staining is considered to
be a result of the test material coming into contact with the coat upon urination
and/or defecation.
Alopecia, erythema, edema, eschar, and dry skin were noted for a number of
females in the 1000 mg/kg dose group. These observations were generally
noted for regions located adjacent to the test site and may
have been caused by the spread of the test article/irritation beyond the test site.
Increased gestation length was observed at doses of 333 mg/kg (p<0.05) and
1000 mg/kg (p<0.01) when compared to the control group.
There were no other clinical observations that were considered to be related to
treatment with the test article.
There were no effects on body weights or body weight changes at a dose of 50
mg/kg. Body weights for pregnant females in the 333 mg/kg dose group were
significantly lower (p<0.01) than those of the control females on GD 4, 8, 12,
16, and 20 and on Lactation Day 0. Body weights for pregnant females in the
1000 mg/kg dose group were
significantly lower (p<0.01) than those of the control females on GD 4, 8, 12,
16, and 20. Body weight changes for pregnant females in the 333 mg/kg dose
group were also significantly lower than those of the control females between
GD 0 to 4 (p<0.01), 4 to 8 (p<0.05), 12 to 16 (p<0.01), and 16 to 20 (p<0.01).
Body weight changes for females dosed at 1000 mg/kg were significantly lower
than those of controls between GD 0 to 4 (p<0.01) and 16 to 20 (p<0.05).
There was no effect on absolute or relative food consumption for females in the
50 mg/kg dose group. Absolute food consumption for pregnant females in the
333 mg/kg dose group was significantly lower than that of the controls during
GD 0 to 4 (p<0.01), 4 to 8 (p<0.01), and 8 to 12 (p<0.05). Relative food
consumption for pregnant females in the 333 mg/kg dose group was
significantly lower (p<0.01) than that of the controls during GD 0 to 4.
Absolute food consumption for pregnant females in the 1000 mg/kg dose group
was significantly lower (p<0.01) than that of the controls during GD 0 to 4 and 4
to 8. Relative food consumption for pregnant females in the 1000 mg/kg dose
group was significantly lower than that of the controls during GD 0 to 4 (p<0.01)
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and 4 to 8 (p<0.05). Absolute food consumption was significantly higher
(p<0.05) than that of controls during GD 16 to 20, and
relative food consumption was significantly higher (p<0.01) than that of controls
during GD 8 to 12, 12 to 16, and 16 to 20. These increased food consumption
values occurred after dosing was discontinued.
Dermal irritation (e.g., erythema, edema, eschar, and dry skin) related to
administration of the test article was noted at the test site for all dose groups
that were treated with the test article.
Red/black-stained fur around the vaginal opening, a pale liver with yellow
mottling and a swollen left uterine horn were noted for the 333 mg/kg female
that was found dead. In addition to the swollen left uterine horn, sizes of the
fetus' located in the left uterine horn appeared to be larger than those located in
the right uterine horn. The uterus of two females in the 333 mg/kg dose group
each contained an early resorption on GD 25 or Lactation Day 4. On GD 25, the
uterus of one female in the 1000 mg/kg dose group contained seven live
fetuses and one late resorption.
Alopecia, erythema, edema, eschar, and dry skin were noted for the 1000
mg/kg dose group in areas generally located adjacent to the test site. These
findings were considered to have been the result of the spread of test
article/irritation beyond the test site. Although other findings were observed at
the time of necropsy, they were
considered incidental and unrelated to test article treatment.
There were no significant effects on delivery and litter data at a dose of 50
mg/kg. At a dose of 333 mg/kg, the number of total and live pups on Lactation
Day 0 were significantly lower (p<0.01) than that of the controls. The
proportion of pups surviving to Lactation Day 4 was significantly lower (p<0.05)
than that of the controls. Pup body weights were significantly lower than those
of the controls on Lactation Days 0 (p<0.01) and 4 (p<0.05). At this dose level,
five of nine pregnant females delivered a litter (excluding the female sacrificed
early).
At a dose of 1000 mg/kg, the number of total and live pups on Lactation Day 0
were significantly lower (p<0.01) than that of the controls. Pup body weights
were significantly higher (p<0.05) on Lactation Days 0 and 4; this was
considered to have been the result of the longer gestation length and smaller
litter size at a dose of 1000 mg/kg. At this dose level, six of nine pregnant
females delivered a litter.
For all dose groups, there were no significant differences in number of
implantation sites, external pup alterations, proportion of dead pups on
Lactation Day 0, or the proportion of males on Lactation Days 0 and 4.

Summary of Selected Maternal Weight Parameters
Dose (mg/kg/day)
Body wt –final (g)
Body wt – lactation day 0
Body wt – lactation day 4
GD 0-4 wt gain (g)
GD 4-8 wt gain (g)
GD 8-12 wt gain (g)
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0
426.1
324.2
335.8
21.3
17.1
24.1

50
415.5
314.9
327.9
21.3
18.6
22.5

333
302.9b
280.6b
317.3
5.3b
3.9a
17.6

1000
365.0b
319.5
324.8
-8.7b
10.1
30.3
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GD 12-16 wt gain (g)
32.0
30.5
GD 16-20 wt gain (g)
60.8
58.4
Lactation day 0-4 wt gain (g) 11.6
13.0
a)Statistically different from control (p<0.05)
b)Statistically different from control (p<0.01)

0.6b
12.6b
25.3

27.6
37.9a
9.8

Summary of Mean Selected Reproduction and Litter Data
Dose (mg/kg/day)
0
50
333 1000*
Number of dams pregnant
15
11
10
9
Dams with resorptions
0
0
2
1
Implantation sites - Mean
16.0*** 15.8 15.7 14.3
Number of litters with live pups (number of
15
11
5**
6
females that delivered)
Total pups/litter (day 0)
15.2
14.1 7.8b 8.2b
Live pups/litter (day 0)
14.9
13.9 7.2b 7.8b
Proportion surviving to day 4 (%)
97
93
75a 96
Pup weights (g) – mean, day 0
6.62
6.37 5.54 7.14
Pup weights (g) – mean, day 4
9.84
9.16 7.49 11.76
*Dosing was discontinued on GD 4, 5, or 6 for females in the 1,000.0 mg/kg
dose group.
** One female that did not deliver was sacrificed early due to an accidental
injury; uterus contained normally developing embryos, The other female was
found dead on GD 20.
*** One female was omitted from the statistical analysis because the number of
implantation sites was miscounted.
a)Statistically different from control (p<0.05)
b)Statistically different from control (p<0.01)

Conclusion:

Given the design of the study and the results observed, it was not possible to
determine if the effects observed were a result of an effect on the dam and the
ability to produce and carry a conceptus, or a direct effect on the embryo/fetus.
The systemic maternal NOAEL for dermal exposure to LCO during GD 0-20
was determined to be 50 mg/kg/day (LOAEL= 333 mg/kg/day based on
increased gestation length, increased incidence of vaginal discharge and
decreased body weights, body weight changes, and food consumption).
Note the dermal NOAEL was determined to be < 50 mg/kg since dermal
irritation occurred at all dose levels.
The developmental NOAEL for dermal exposure to LCO during GD 0-20 was
determined to be 50 mg/kg/day (LOAEL = 333 mg/kg/day based on a the
number of total and live pups per litter, number of litters with live pups,
decreased pup body weights on lactation days 0 and 4, and the proportion of
pups surviving to Lactation Day 4).

RELIABILITY/DATA QUALITY
Reliability:

Valid Without Restrictions (KS=1)

Reliability Remarks:

Non guideline study, but with adequate detail to make NOAEL determination
for the endpoints measured.

Key Study Sponsor Indicator:

Key

REFERENCE
Reference:

ARCO. 1994. A Developmental Toxicity Screen in Female Sprague-Dawley
Rats Administered F-213 Dermally During GD 0 to 20. Report ATX-91-0262.
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Mobil. 1994. Characterization and Quantitation of Polynuclear Aromatics. Mobil
Environmental and Health Sciences Laboratory Report no. 65726-ZA-ZR
API. 2008. PAC Analysis Task Group, “The relationship between the aromatic
ring class content and selected endpoints of repeat-dose and developmental
toxicity of high-boiling petroleum substances.”
http://www.petroleumhpv.org/pages/pac.html, accessed 31 Dec 2009.

High Production Volume Information System (HPVIS)

DEVELOPMENTAL TOXICITY/TERATOGENICITY
TEST SUBSTANCE
Category
Chemical:
Test
Substance:
Test
Substance
Purity/Compo
sition
and Other
Test
Substance
Comments:

Category
Chemical
Result Type :
Unable to
Measure or
Estimate
Justification :

64741-43-1
64741-43-1; Straight Run Gas Oil (SRGO); Intermediate Gas Oil
Straight Run Gas Oil (F-193)
PAC Content – report no. 65726-ZA-ZR (Mobil, 1994)
Sample
#

DMSO
1
wt.%

1ARC
2
(%)
0.00

2ARC
(%)
2.00

3ARC
(%)
4.00

5ARC
(%)
0.70

6ARC
(%)
0.20

7ARC
(%)
0.00

091646
(F-193)
1) Percent of DMSO-extractable materials (mostly PACs), determined by the PAC 2 method as
described in API (2008).
2) ARC is “aromatic ring class”. “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
Measured

METHOD
Route of
Administration
:
Other Route
of
Administration
:
Type of
Exposure:
Species:

4ARC
(%)
2.00

Dermal, non-occluded

Developmental toxicity
Rat
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Other
Species:
Mammalian
Strain:
Other Strain:

Not applicable

Gender:

Females (non treated males used for mating)

Number of
Animals per
Dose:
Concentration
:
Dose:
Year Study
Performed :
Method/Guide
line Followed:
GLP:
Exposure
Period:
Frequency of
Treatment:
PostExposure
Period:
Method/Guide
line
and Test
Condition
Remarks:

Sprague-Dawley (Charles River, Kingston, NY)
Not applicable

15 per dose level of SRGO
20 per dose for sham control

0, 1, 250 (259 corrected dose), 1000.0 (1036 corrected dose) mg/kg/day
1994
Other
Yes
Gestation day (GD) -7 to 20
Once per day
None
The study was designed to determine the developmental toxicity of SRGO (F-193) following
dermal administration to female rats daily for one week prior to mating through day 20 of gestation.
Females were randomly assigned to four treatment groups and dosing began one week prior to
the start of mating (GD -7) and throughout mating. Males were not treated. Mating was confirmed
by detection of sperm in a vaginal smear or a copulatory plug. Females that exhibited positive
signs of mating (GD 0) also received the test article through presumed GD 20. The treatment
groups and time exposure periods were as follows:
*Sham control (0 mg/kg/day) – 20 animals
SRGO 1 mg/kg/day – 15 animals
SRGO 259 mg/kg/day – 15 animals
SRGO 1036 mg/kg/day – 15 animals
*Shared with study number ATX-91-0131
At the completion of mating, all males and those females that did not exhibit positive evidence of
mating were sacrificed.
The test material was administered to groups 2-4 on GD -7 through GD 20. The test article was
applied to previously clipped, intact dermal sites on the backs of female animals. Elizabethan
collars were applied just prior to dosing and were removed no sooner than 6 hours later. At the
time of collar removal, any excess test article was wiped from the application site. With the
exception of test article application, control animals underwent the same procedure as the other
treatment groups. The dose administered was based upon the day -7 body weight for the
premating period and the GD 0 body weight for the gestation period.
Upon initiation of treatment, each female was observed twice daily for viability. Each rat was
observed at least once a day throughout gestation until sacrifice for changes in appearance,
behavior, excretory function, and general signs of ill-health or abortion. All unusual findings were
noted.
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Individual body weights were recorded at receipt, near the end of the quarantine period, on days -7
and -1 (premating period), on days 0, 4, 8, 12, 16, and 20 of gestation, and on days 0 and 4 of
lactation. Individual food consumption was measured for days -7 to -1 (premating); for GD
intervals 0-4, 4-8, 8-12, 12-16, and 16-20; and for days 0-4 of lactation (postnatal period).
Each litter was observed daily during lactation day 0 (day of parturition) through 4 for signs of
toxicity and mortality. On lactation days 0 and 4, the weight and sex of each live pup was
recorded.
Each female that mated was sacrificed by overexposure to carbon dioxide and necropsied.
Females that delivered a litter were necropsied on day 4 of lactation and those that did not deliver
a litter were necropsied on presumed GD 25.
The necropsy included a gross examination of the external body surfaces, orifices, and the
cervical, thoracic and abdominal viscera. The ovaries were examined and the number of corpora
lutea was determined for each female that delivered. The number of implantation sites was
recorded for all females, including those that appeared non-gravid. Dead pups were removed,
examined externally and discarded. On lactation days 0 and 4, the sex and weight of each pup
were recorded. On day 4 of lactation, all surviving pups were examined externally, sacrificed with
carbon dioxide, and discarded.
STATISTICAL ANALYSES: Data for female body weight and food consumption were evaluated by
ANOVA. First, Bartlett's test was performed to determine if the dose groups had equal variance at
the 1percent level of significance. If the variances were equal, the testing was done using
parametric methods; otherwise, nonparametric techniques were used. For the parametric
procedures, a standard one way ANOVA using the F distribution to assess significance was used.
If significant differences among the means were indicated, Dunnett's test was used to determine
which treatment groups differed significantly from control. In addition to the ANOVA, a standard
regression analysis for linear response in the dose groups was performed. The regression also
tested for linear lack of fit in the model.
For the nonparametric procedures: the test of equality of means was performed using the KruskalWallis test. If significant differences among the means were indicated, Dunn's Summed Rank test
was used to determine which treatment groups differed significantly from control. In addition to the
Kruskal-Wallis test, Jonckheere's test for monotonic trend in the dose response was performed.
The test for equal variance (Bartlett) was conducted at the 1% level of significance. All other tests
were conducted at the 5% and 1% level of significance.
For reproductive and litter data, i.e., the number of implantation sites, gestation length, total
number of pups per litter and number of live pups per litter, normal probability plots of the residuals
and plots of residuals by treatment group were used to judge whether or not departure from the
assumptions of normality and homogeneous variance were sufficient to invalidate the usual
ANOVA analysis. If the usual analysis was invalid, a "weighted" General Linear Model (GLM)
analysis was used, where the weights were proportional to the reciprocal of the variance. If the
usual analysis was valid, the data were analyzed with a non-weighted GLM. All proportions (dead
pups at lactation day 0, pup alterations at lactation day 0, male pups at days 0 and 4, survival of
pups at lactation day 4) were analyzed by the “weighted" GLM, with litter size as the “weights" and
as a covariate in the model. The assumption was made that these weights were proportional to the
reciprocal of the variances. For all proportions and mean pup weight data, values were first derived
within the litter, and group mean values were derived as a mean of the individual litter mean
values.
PAC Analysis:
The percent of each ring class was conducted in a separate study and determined by the PAC 2
method as described elsewhere. Briefly the PAC 2 is a single analytical method that involves
solvent extraction (DMSO) and an analysis of the DMSO-extracted concentrate of PACs by gas
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chromatography with an FID or MS detector. The DMSO extraction procedure is selective for the
less polar PAC species, so that highly alkylated PACs are excluded from measurement. (API,
2008; and Mobil, 1994)
TEST RESULTS
Concentration ( LOAEL/LOAEC/NOAEL/NOAEC )
Type

Population:

Value
Description:

Value or Lower
Concentration:

LOAEL –
Dermal

Maternal

=

259

mg/kg/day

NOAEL- Dermal Maternal

=

1

mg/kg/day

LOAEL - Dermal Offspring (F1)

=

259

mg/kg/day

NOAEL Dermal

=

1

mg/kg/day

Results Remarks:

Offspring (F1)

Upper
Concentration:

Units:

The animals used in the study were between 12 and 13 weeks of age at
exposure initiation.
One female in the 1036 mg/kg/day dose group was found dead on lactation
day 1. There were no other mortalities during the study.
Slight erythema was noted for six days in one animal in the 1 mg/kg/day dose
group. Dry skin was noted for the same female for 3 days. Because the
erythema and dry skin was slight, of limited duration, and were noted for only
one animal in the dose group, it was not considered to be related to the test
article. Slight to moderate erythema and edema were observed at the test site
in both the 259 and 1036 mg/kg/day groups. Slight eschar was also noted at
the test site for females dosed at 1036 mg/kg/day. The observation of vaginal
discharge was noted three animals in the 259 mg/kg dose group; vaginal
discharge was noted as early as GD 13 and as late as GD 18. A higher
incidence of vaginal discharge was noted for females in the 1036 mg/kg/day
dose group; vaginal discharge was observed as early as GD 12 and as late as
GD 23 of gestation. There were no other clinical observations that were
considered to be related to treatment with the test article.
There were no effects on body weights or body weight changes at a dose of 1
mg/kg/day. Mean body weights and body weight gains were significantly
decreased in both the 259 and 1036 mg/kg/day groups at various times during
the pre-mating, gestational, and post-natal time periods (see table below).
Effects on absolute and relative food consumption were apparent in both the
259 and 1036 mg/kg/day groups. Absolute and relative food consumption for
the 259 mg/kg dose group were significantly lower (p<0.01) than that of the
controls during days -7 to -1 of the premating period. Absolute food
consumption females in the 259 mg/kg dose group was significantly lower
(p<0.01) than that of the controls during GD 0 to 4, 4 to 8, and 8 to 12. Relative
food consumption this dose group was significantly lower than that of the
controls during GD 0 to 4 (p<0.01), 4 to 8 (p<0.05), and 8 to 12 (p<0.05).
Absolute and relative food consumption for females in the 1,036.0 mg/kg dose
group were significantly lower (p<0.01) than that of the controls during Days -7
to -1 of the premating period. Absolute food consumption this dose group was
significantly lower (p<0.01) than that of the controls during GD 0 to 4 (p<0.01),
4 to 8 (p<0.01), 8 to 12 (p<0.05), 12 to 16 (p<0.01), and 16 to 20 (p<0.01).
Relative food consumption in this high dose group was significantly lower
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(p<0.05) than that of the controls during GD 0 to 4.
Necropsy evaluations indicate that dermal irritation related to administration of
the test article was noted for one female in the 259 (eschar) and 1036
mg/kg/day (eschar and dry skin) dose groups. The 1,036.0 mg/kg/day female
that was found dead had pale liver, white ovaries, red staining in the perineal
region, and a uterus that contained one dead fetus. Although other findings
were observed at the time of necropsy, they were considered incidental and
unrelated to test article treatment.
There were no effects on delivery and litter data at a dose of 1 mg/kg/day.
Body weights of pups in the 259 mg/kg/day dose group were significantly lower
(p<0.01) than those of the control group on lactation days 0 and 4. At a dose of
1,036.0 mg/kg/day, pup body weights as well as the number of total and live
pups were significantly lower (p<0.01) than that of the controls on lactation day
0. Pup body weights were also lower than those of the controls on lactation
day 4; while this difference was not statistically significant, it was considered to
be toxicologically significant. The proportion dead on lactation day 0 was also
significantly higher (p<0.01) than that of the controls. Only two females dosed
at 1,036.0 mg/kg/day delivered a litter. For all dose groups, there were no
significant differences in gestation length, the number of implantation sites,
external pup alterations, proportion of pups surviving to lactation day 4, or the
proportion of males on lactation days 0 and 4.
Summary of Selected Maternal Weight Parameters
Dose (mg/kg/day)
0
Body wt day -7
264.0
Body wt day -1
272.3
Body wt –final (g)
428.1
Body wt – lactation day 0
323.9
Body wt – lactation day 4
337.0
Premating day -7 to -1 wt gain (g)
GD 0-4 wt gain (g)
8.3
GD 4-8 wt gain (g)
20.2
GD 8-12 wt gain (g)
20.0
GD 12-16 wt gain (g)
31.5
GD 16-20 wt gain (g)
59.6
Lactation day 0-4 wt gain (g)
13.1
a)Statistically different from control (p<0.05)
b)Statistically different from control (p<0.01)

1
262.1
272.0
435.7
326.3
341.3

259
263.3
262.2
393.6a
306.4
318.4a

1036
263.4
252.9
300.0b
278.0a
316.0

9.9
21.2
22.8
34.2
59.1
15.7

-1.1b
11.9b
17.1
31.1
49.2
10.3

-10.5b
8.4b
16.9
-2.0b
3.8b
8.0

Summary of Mean Selected Reproduction and Litter Data
Dose (mg/kg/day)
Number of dams pregnant
Dams with resorptions
Implantation sites – mean
Number of females that delivered
Total pups/litter (day 0)
Live pups/litter (day 0)
Proportion dead (%) on day 0
Proportion surviving to day 4 (%)
Pup weights (g) – mean, day 0
Pup weights (g) – mean, day 4
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0
18
0
15.9
18
14.9
14.7
1.5
99
6.642
9.837

1
10
0
15.9
10
15.2
14.9
2.0
99
6.455
9.698

259
12
0
16.8
12
12.7
12.1
4.6
93
6.042b
7.874b

1036
9
0
14.3
2
4.5b
1.0b
77.8b
50
3.325a
2.202*
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a)Statistically different from control (p<0.05)
b)Statistically different from control (p<0.01)
*only one pup survived to day 4
Given the design of the study and the results observed, it was not possible to
determine if the effects observed were a result of an effect on the dam and the
ability to produce and carry a conceptus, or a direct effect on the embryo/fetus.
The maternal NOAEL for dermal exposure to SRGO during GD -7 to 20 was
determined to be 1 mg/kg/day (LOAEL= 259 mg/kg/day based on vaginal
discharge, decreased body weights, body weight changes, and food
consumption)

Conclusion:

The developmental NOAEL for dermal exposure to SRGO during GD -7 to 20
was determined to be 1 mg/kg/day (LOAEL = 259 mg/kg/day based on a
decreased pup body weights.)
RELIABILITY/DATA QUALITY
Reliability:

Valid Without Restrictions (KS=1)

Reliability Remarks:

Non guideline study, but with adequate detail to make NOAEL determination.

Key Study Sponsor Indicator:

Key

REFERENCE
Reference:

ARCO. 1994. A Developmental Toxicity Screen in Female Sprague-Dawley
Rats Administered F-193 Dermally During Gestation Days -7 to 20. 1994.
Report ATX-91-0127.
Mobil. 1994. Characterization and Quantitation of Polynuclear Aromatics.
Mobil Environmental and Health Sciences Laboratory Report no. 65726-ZAZR.
API. 2008. PAC Analysis Task Group, “The relationship between the aromatic
ring class content and selected endpoints of repeat-dose and developmental
toxicity of high-boiling petroleum substances.”
http://www.petroleumhpv.org/pages/pac.html, accessed 31 Dec 2009

High Production Volume Information System (HPVIS)

DEVELOPMENTAL TOXICITY/TERATOGENICITY
TEST SUBSTANCE
Category
Chemical:
Test
Substance:
Test
Substance
Purity/Compos
ition
and Other
Test
Substance
Comments:

68334-30-5
68334-30-5; Straight Run Diesel Oil (SRDO); Diesel Oil
Straight Run Diesel Oil (F-195)
PAC Content – report no. 65726-ZA-ZR (Mobil, 1994)
Sample
#
091648
(F-195)

DMSO
1
wt.%

1-ARC
2
(%)
0.10

2-ARC
(%)
3.00

3-ARC
(%)
4.00
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4-ARC
(%)
0.10

5-ARC
(%)
0.10

6-ARC
(%)
0.10

7-ARC
(%)
0.00
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1) Percent of DMSO-extractable materials (mostly PACs), determined by the PAC 2 method as
described in API (2008).
2) ARC is “aromatic ring class”. “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.
Category
Chemical
Result Type :
Unable to
Measure or
Estimate
Justification :

Measured

METHOD
Route of
Administration
:
Other Route of
Administration
:
Type of
Exposure:
Species:

Dermal, non-occluded

Developmental toxicity
Rat

Other
Species:
Mammalian
Strain:
Other Strain:

Not applicable

Gender:

Females (non treated males used for mating)

Number of
Animals per
Dose:
Concentration:
Dose:
Year Study
Performed :
Method/Guidel
ine Followed:
GLP:
Exposure
Period:
Frequency of
Treatment:
Post-Exposure
Period:
Method/Guidel
ine
and Test
Condition
Remarks:

Sprague-Dawley (Charles River, Kingston, NY)
Not applicable

15 per dose level of SRDO
20 per dose for sham control

0, 125, 250, 1000 mg/kg/day
1994
Other
No information
Gestation day (GD) 0 to 20
Once per day
None
The study was designed to determine the developmental toxicity of SRDO (F-194) following dermal
administration to female rats daily for days 0 through day 20 of gestation, or days 5 through 9 of
gestation (1000 mg/kg/day group).
Prior to the initiation of dosing with the test material, females were placed with untreated males
(approximate 1:1 ratio). Females that exhibited positive signs of mating were randomly assigned to
four treatment groups. Males were not treated. The treatment groups and time exposure periods
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were as follows, where designation as GD 0 followed detection of sperm in a vaginal smear or a
copulatory plug:
*Sham control 0 mg/kg/day – 19 animals (GD 0-20)
SRDO 125 mg/kg/day – 15 animals (GD 0-20)
SRDO 250 mg/kg/day – 14 animals (GD 0-20)
SRDO 1000 mg/kg/day – 15 animals (GD 5-9)**
*Shared with study number ATX-91-0129
**Dosing adjustment based on initial study indicating severe irritation and poor mating performance
At the completion of mating, all males and those females that did not exhibit positive evidence of
mating were sacrificed.
The test material was administered to groups 2-3 on GD 0 through GD 20. The group 4 (1000
mg/kg/day ) animals received a shortened dosing regimen of GD 5 through GD 9. The test article
was applied to previously clipped, intact dermal sites on the backs of female animals. Test article
was applied to alternating sites (intrascapular and lumbar regions). Elizabethan collars were
applied just prior to dosing and were removed no sooner than 6 hours later. At the time of collar
removal, any excess test article was wiped from the application site. The dose administered was
based upon the GD 0 body weight (0.0, 125, 250 mg/kg/day groups) or GD 4 (1000 mg/kg/day
group) body weight. With the exception of test article application, control animals underwent the
same procedures as treated animals.
Upon initiation of treatment, each female was observed twice daily for viability. Each rat was
observed at least once a day throughout gestation until sacrifice for changes in appearance,
behavior, excretory function, and general signs of ill-health or abortion. All unusual findings were
noted.
Individual body weights were recorded at receipt, near the end of the quarantine period, on days 0,
4, 8, 12, 16, and 20 of gestation, and on days 0 and 4 of lactation. Individual food consumption
was measured for days GD intervals 0-4, 4-8, 8-12, 12-16, and 16-20; and for days 0-4 of lactation
(postnatal period).
Each litter was observed daily during lactation day 0 (day of parturition) through 4 for signs of
toxicity and mortality. On lactation days 0 and 4, the weight and sex of each live pup was recorded.
Each female that mated was sacrificed by overexposure to carbon dioxide and necropsied.
Females that delivered a litter were necropsied on day 4 of lactation and those that did not deliver a
litter were necropsied on presumed GD 25.
The necropsy included a gross examination of the external body surfaces, orifices, and the cervical,
thoracic and abdominal viscera. The number of implantation sites was recorded for all females,
including those that appeared non-gravid. Dead pups were removed, examined externally and
discarded. On lactation days 0 and 4, the sex and weight of each pup was recorded. On day 4 of
lactation, all surviving pups were examined externally, sacrificed with carbon dioxide, and
discarded.
STATISTICAL ANALYSES: Data for female body weight and food consumption were evaluated by
ANOVA. First, Bartlett's test was performed to determine if the dose groups had equal variance at
the 1percent level of significance. If the variances were equal, the testing was done using
parametric methods; otherwise, nonparametric techniques were used. For the parametric
procedures, a standard one way ANOVA using the F distribution to assess significance was used. If
significant differences among the means were indicated, Dunnett's test was used to determine
which treatment groups differed significantly from control. In addition to the ANOVA, a standard
regression analysis for linear response in the dose groups was performed. The regression also
tested for linear lack of fit in the model.
For the nonparametric procedures: the test of equality of means was performed using the KruskalPage 259 of 363
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Wallis test. If significant differences among the means were indicated, Dunn's Summed Rank test
was used to determine which treatment groups differed significantly from control. In addition to the
Kruskal-Wallis test, Jonckheere's test for monotonic trend in the dose response was performed.
The test for equal variance (Bartlett) was conducted at the 1% level of significance. All other tests
were conducted at the 5% and 1% level of significance.
For reproductive and litter data, i.e., the number of implantation sites, gestation length, total number
of pups per litter and number of live pups per litter, normal probability plots of the residuals and
plots of residuals by treatment group were used to judge whether or not departure from the
assumptions of normality and homogeneous variance were sufficient to invalidate the usual
ANOVA analysis. If the usual analysis was invalid, a "weighted" General Linear Model (GLM)
analysis was used, where the weights were proportional to the reciprocal of the variance. If the
usual analysis was valid, the data were analyzed with a non-weighted GLM. All proportions (dead
pups at lactation day 0, pup alterations at lactation day 0, male pups at days 0 and 4, survival of
pups at lactation day 4) were analyzed by the “weighted" GLM, with litter size as the “weights" and
as a covariate in the model. The assumption was made that these weights were proportional to the
reciprocal of the variances. For all proportions and mean pup weight data, values were first derived
within the litter, and group mean values were derived as a mean of the individual litter mean values.
PAC Analysis:
The percent of each ring class was conducted in a separate study and determined by the PAC 2
method as described elsewhere. Briefly the PAC 2 is a single analytical method that involves
solvent extraction (DMSO) and an analysis of the DMSO-extracted concentrate of PACs by gas
chromatography with an FID or MS detector. The DMSO extraction procedure is selective for the
less polar PAC species, so that highly alkylated PACs are excluded from measurement. (API,
2008; and Mobil, 1994)
TEST RESULTS
Concentration ( LOAEL/LOAEC/NOAEL/NOAEC )*
Value Description:

Value or Lower
Concentration:

LOAEL – Dermal Maternal

=

250

mg/kg/day

NOAEL- Dermal Maternal

=

125

mg/kg/day

LOAEL - Dermal Offspring (F1)

=

250

mg/kg/day

NOAEL - Dermal Offspring (F1)

=

125

mg/kg/day

Type

Population:

*Determined by reviewer
Results Remarks:

Upper
Concentration:

Units:

The animals used in the study were between 13 and 14 weeks of age at
exposure initiation.
There were no mortalities observed during the study.
Slight to extreme (primarily slight to moderate) erythema, edema, eschar, and
dry skin were observed at the
test site for the 125 mg/kg/day group beginning on GD 1 and throughout the
study. Slight to moderate dry skin was also observed. For the 250 mg/kg/day
group slight to extreme (primarily moderate to extreme) erythema, edema,
eschar, and dry skin were observed at the test site beginning GD 2 and
throughout the study. Slight fissuring was also noted. The 1000 mg/kg/day dose
group, beginning GD 7 and continuing throughout the duration of the study,
showed slight to extreme (primarily moderate to extreme) erythema, edema,
eschar, and dry skin, as well as slight to moderate fissuring at the test site.
[Note: administration of test article for the high dose group began on GD 5.]
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Higher incidences of yellow-stained coat in the perineal region and alopecia
were noted for females in the 1000 mg/kg/day dose group. The alopecia was
generally noted in areas surrounding the test site and was considered to be due
to irritation caused by test article that had spread to these areas. There were no
other clinical observations that were considered to be related to treatment with
the test article.
There were no effects on body weights or body weight changes at a dose of
125 mg/kg/day. Body weights and body weight changes of pregnant females in
the 2500 and 1000 mg/kg/day dose group were significantly lower than those of
the control females at various points during gestation and postnatal time period,
per the table below.
There was no effect on absolute food consumption for females in the 125
mg/kg/day dose group. Absolute and relative food consumption for the 250
mg/kg/day dose group was significantly lower (p<0.01, p<0.05,
respectively) than that of the controls during GDs 4 to 8. For the 1000
mg/kg/day dose group, absolute food consumption was significantly lower
(p<0.01) during GD 4 to 8 and 8 to 12. Relative food consumption for this dose
group also was significantly lower (p<0.01) than that of the controls during
these two time periods. Absolute food consumption was higher (p<0.01) during
GD 12 to 16, and relative food consumption was significantly higher during GD
12 to 16 and 16 to 20. The increase in absolute food consumption occurred
after treatment with the test article was discontinued, and with a slower
recovery in body weight, resulted in higher relative food consumption.
At necropsy, dermal irritation related to administration of the test article was
noted for females in all of the dose groups that received the test article.
Alopecia was also noted only in females in the 1000 mg/kg/day/day dose group.
Although other findings were observed at the time of necropsy, they were
considered incidental and unrelated to test article treatment.
The proportion of male pups on lactation day 4 was significantly higher (p<0.05)
than that of the controls at a dose of 125 mg/kg/day. Because this difference
did not occur at higher dose levels, it was considered to be incidental and
unrelated to treatment with the test article. Pup body weights were significantly
lower (p<0.01) at a dose of 250 mg/kg/day on lactation Days 0 and 4. There
were no effects on pup body weights at doses of 125 and 1000 mg/kg/day.
For all dose groups, there were no significant differences in gestation length,
number of implantation sites, external pup alterations, proportion of pups dead
on lactation day 0, proportion of pups surviving to lactation day 4, or the
proportion of males on lactation day 0. External pup alterations noted included:
cold to touch, cannibalized, lethargic, pale, bleeding from mouth, hematoma,
and very little milk in stomach.
Summary of Selected Maternal Weight Parameters
Dose (mg/kg/day)
Body wt day 0
Body wt –final (g)
Body wt – lactation day 0
Body wt – lactation day 4
GD 0-4 wt gain (g)
GD 4-8 wt gain (g)
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0
273.5
424.7
331.3
341.0
25.4
16.8

125
277.3
423.8
322.4
328.4
22.9
13.9

250
272.3
401.3
305.1a
318.3
21.3
13.0

1000
277.6
3886b
310.2a
324.0
23.9
-2.6b
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GD 8-12 wt gain (g)
20.6
21.8
GD 12-16 wt gain (g)
34.6
28.3
GD 16-20 wt gain (g)
58.1
59.5
Lactation day 0-4 wt gain (g) 9.7
6.0
a)Statistically different from control (p<0.05)
b)Statistically different from control (p<0.01)

18.6
25.5
55.8
13..2

2.7b
31.3
55.7
13.8

Summary of Mean Selected Reproduction and Litter Data
Dose (mg/kg/day)
0
125
250
1000
Dams with resorptions
0
0
0
1
Number of dams pregnant
15
12
10c
14d
Implantation sites - mean
15.6
17.3e 17.4
16.2
Number of litters with live pups 15
12
10
13
Total pups/litter (day 0)
14.0
15.1
15.7
13.4
Live pups/litter (day 0)
13.9
14.8
15.6
13.2
Pup weights (g) – mean, day 0 6.675
6.521 5.981b 6.589
Pup weights (g) – mean, day 4 10.280 9.663 8.172b 10.157
a)Statistically different from control (p<0.05)
b)Statistically different from control (p<0.01)
c) One female was omitted from statistical analysis because the number of
implantation sites was miscounted.
d) The pregnancy status of 3 of the 14 females in this group was inadvertently
not documented.
e) pregnancy status of 1 of the 15 females in this group was inadvertently not
documented.

Conclusion:

Given the design of the study and the results observed, it is not possible to
determine if the effects observed were a result of an effect on the dam and the
ability to produce and carry a conceptus, or a direct effect on the embryo/fetus.
Determined by reviewer:
The maternal NOAEL for dermal exposure to SRDO for GD 0-20 was
determined to be 125 mg/kg/day (LOAEL= 250 mg/kg/day based on
decreased body weight, decreased body weight changes, and decreases in
absolute and relative food consumption)
NOTE: Dermal irritation occurred at all doses tested; author indicates NOAEL of
< 125 mg/kg/day based on this effect.
The developmental NOAEL for dermal exposure to SRDO for GD 0-20 was
determined to be 125 mg/kg/day (LOAEL = 250 mg/kg/day based on
decreased pup body weights at lactation days 0 and 4)
NOTE: 1000 mg/kg/day was only administered during GD 5-9

RELIABILITY/DATA QUALITY
Reliability:

Valid Without Restrictions (KS=1)

Reliability Remarks:

Non guideline study, but with adequate detail to make NOAEL determination.

Key Study Sponsor Indicator:

Key

REFERENCE
Reference:

ARCO. 1994. A Developmental Toxicity Screen in Female Sprague-Dawley
Rats Administered F-195 Dermally During Gestation Days 0 to 20. 1994.
Report ATX-91-0129.
Mobil. 1994. Characterization and Quantitation of Polynuclear Aromatics. Mobil
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Environmental and Health Sciences Laboratory Report no. 65726-ZA-ZR.
API. 2008. PAC Analysis Task Group, “The relationship between the aromatic
ring class content and selected endpoints of repeat-dose and developmental
toxicity of high-boiling petroleum substances.”
http://www.petroleumhpv.org/pages/pac.html, accessed 31 Dec 2009

High Production Volume Information System (HPVIS)

DEVELOPMENTAL TOXICITY/TERATOGENICITY
TEST SUBSTANCE
Category
Chemical:
Test
Substance:
Test
Substance
Purity/Compos
ition
and Other
Test
Substance
Comments:

Category
Chemical
Result Type :
Unable to
Measure or
Estimate
Justification :

64741-43-1
64741-43-1; Straight Run Gas Oil (SRGO); Intermediate Gas Oil
Straight Run Gas Oil (F-193)
PAC Content – report no. 65726-ZA-ZR (Mobil, 1994)
Sample
DMSO 1-ARC 2-ARC 3-ARC 4-ARC 5-ARC 6-ARC 7-ARC
1
2
#
wt.%
(%)
(%)
(%)
(%)
(%)
(%)
(%)
091646
0.00
2.00
4.00
2.00
0.70
0.20
0.00
(F-193)
1) Percent of DMSO-extractable materials (mostly PACs), determined by the PAC 2 method as
described in API (2008).
2) ARC is “aromatic ring class”. “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.
Measured

METHOD
Route of
Administration
:
Other Route of
Administration
:
Type of
Exposure:
Species:
Other
Species:
Mammalian
Strain:

Dermal, non-occluded

Developmental toxicity
Rat
Not applicable
Sprague-Dawley (Charles River, Portage, MI)
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Other Strain:

Not applicable

Gender:

Females (non treated males used for mating)

Number of
Animals per
Dose:
Concentration:
Dose:
Year Study
Performed :
Method/Guidel
ine Followed:
GLP:
Exposure
Period:
Frequency of
Treatment:
Post-Exposure
Period:
Method/Guidel
ine
and Test
Condition
Remarks:

25 per dose for level

0, 50, 250, 500 mg/kg/day
1993
Similar to OECD 414 (Prenatal Developmental Toxicity Study)
yes
Gestation day (GD) 0-19
Once per day
None
The study was designed to evaluate the developmental toxicity (embryo-fetal toxicity and
teratogenic potential) of SRGO (F-193) administered percutaneously to presumed pregnant rats.
Prior to the initiation of dosing with the test substance, females were placed with untreated males
(approximate 1:1 ratio). Once mating occurred and confirmed by detection of sperm in a vaginal
smear or a copulatory plug, the individual, presumed pregnant females were randomly assigned to
four treatment groups and dosing began for that animal. The treatment groups and time exposure
periods were as follows, where designation as GD 0 followed detection of evidence of mating:
Vehicle control (acetone) 0 mg/kg/day – 25 animals (GD 0-19)
SRGO 50 mg/kg/day – 25 animals (GD 0-19)
SRGO 250 mg/kg/day – 25 animals (GD 0-19)
SRGO 500 mg/kg/day – 25 animals (GD 0-19)
At the completion of mating, all males and those females that did not exhibit positive evidence of
mating were sacrificed.
Suspensions of F-193 were prepared daily at concentrations of 0 (vehicle, acetone), 50, 100 and
250 mg/mL such that doses of 0, 50, 100, and 250 mg/kg/day, respectively, were administered at a
volume of 1 mL/kg. Animals in all groups were treated on GD 0 through GD 19. Each treatment
day, animals were dosed by even application of the test substance to their shaved backs, using a
blunt-tipped glass syringe. The test substance dose was calculated from each rat’s most recent
body weight. Rats were fitted with Elizabethan collars to minimize ingestion of test substance.
Controls were handled in the same manner but with application of the vehicle only. Elizabethan
collars were applied just prior to dosing and were removed after a 6 hour exposure period. At the
time of collar removal, any excess test article was wiped off with a cloth dipped in acetone and
dried with a clean cloth.
Upon initiation of treatment, each female was observed twice daily for viability. Each rat was
observed at least once a day throughout gestation until sacrifice for changes in appearance,
behavior, excretory function, and general signs of ill-health or abortion. All unusual findings were
noted. Skin reactions were graded using the Draize and National Research Council standards.
Individual body weights and food consumption were recorded daily during presumed gestation.
All rats were sacrificed by carbon dioxide asphyxiation on day 20 of presumed gestation, and a
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gross necropsy of the thoracic and abdominal viscera was performed. The abdomen of each rat
was opened, and the intact uterus was excised and examined for pregnancy. To confirm the
pregnancy status, uteri from rats that appeared non-pregnant were examined while transilluminated
and pressed between two glass plates. Tissues with gross lesions were preserved in neutral
buffered 10% formalin for possible future evaluation; all other maternal tissues were discarded.
Corpora lutea in each ovary were recorded. The number and distribution of implantations, early and
late resorptions, and live and dead fetuses were noted. An early resorption was defined as one in
which organogenesis was not grossly evident. A late resorption was defined as one in which the
occurrence of organogenesis was grossly evident. A live fetus was defined as a term fetus that
responded to mechanical stimuli. Nonresponding term fetuses were considered to be dead. Dead
fetuses and late resorptions were differentiated by the degree of autolysis present; marked to
extreme autolysis indicated that the fetus was a late resorption.
Each fetus was removed from the uterus, placed in an individual container, weighed, and examined
for weighed and examined for sex and gross external alterations. Live fetuses were sacrificed.
Approximately one-half of the fetuses in each litter were fixed in Bouin's solution and examined for
soft tissue alterations by using an adaptation of Wilson's sectioning technique. The remaining
fetuses in each litter were eviscerated, cleared, stained with alizarin red, and examined for skeletal
alterations.
STATISTICAL ANALYSES: Maternal and fetal incidence data were analyzed using the Variance
Test for Homogeneity of the Binomial Distribution. Maternal body weights, body weight changes,
feed consumption values, and litter averages for fetal body weights, percent male fetuses, fetal
ossification sites and percent fetal alterations were analyzed using Bartlett's Test and ANOVA,
when appropriate [i.e., Bartlett's Test was not significant (P>0.05)]. If the analysis of variance was
significant (P<0.05), Dunnett's Test was used to identify the statistical significance of the individual
groups. If the analysis of variance was not appropriate [i.e., Bartlett's Test was significant (P<0.05)],
the Kruskal-Wallis test was used, when less than or equal to 75% ties were present. When more
than 75% ties were present, Fisher's Exact Test was used. In cases in which the Kruskal-Wallis
Test was statistically significant (P<0.05), Dunn's Method of Multiple Comparisons was used to
identify the statistical significance of the individual groups. All other Caesarean-sectioning data
were evaluated using the procedures described for the Kruskal-Wallis Test.
PAC Analysis:
The percent of each ring class was conducted in a separate study and determined by the PAC 2
method as described elsewhere. Briefly the PAC 2 is a single analytical method that involves
solvent extraction (DMSO) and an analysis of the DMSO-extracted concentrate of PACs by gas
chromatography with an FID or MS detector. The DMSO extraction procedure is selective for the
less polar PAC species, so that highly alkylated PACs are excluded from measurement. (API,
2008; and Mobil, 1994)
TEST RESULTS
Concentration ( LOAEL/LOAEC/NOAEL/NOAEC )*
Value Description:

Value or Lower
Concentration:

LOAEL – Dermal Maternal

=

250

mg/kg/day

NOAEL- Dermal Maternal

+

50

mg/kg/day

LOAEL - Dermal Offspring (F1)

=

250

mg/kg/day

NOAEL - Dermal Offspring (F1)

=

50

mg/kg/day

Type

Population:

*Determined by reviewer
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Results Remarks:

The animals used in the study were between 12 and 13 weeks of age at
exposure initiation.
No deaths occurred during the conduct of this study.
Skin reactions related to administration of the test substance occurred in the 50,
250 and 500 mg/kg/day dose groups. These skin reactions included the
following: desquamation [(grade 1) in one 50 and one 250 mg/kg/day dose
group rat], edema [(grade 1) in two 50 mg/kg/day dose group rats and one 500
mg/kg/day dose group rat], erythema [(grade 1) in two 50 mg/kg/day dose
group rats, one 250 mg/kg/day dose group rat and two 500 mg/kg/day dose
group rats] and atonia [(grade 1) in two 500 mg/kg/day dose group rats).
All other clinical observations were unrelated to administration of the test
substance because: 1) the incidences were not dose-dependent; 2) the values
were not significantly increased, as compared with the control group values; or
3) the observations commonly occur in this strain of rat. These observations
included chromodacryorrhea, chromorrhinorrhea, swollen digit and localized
alopecia. No gross lesions were identified at necropsy.
Maternal body weight gains were significantly reduced (P<0.01) in the 250 and
500 mg/kg/day dose groups for the entire dosing period (calculated as days 0 to
20 of gestation). Body weight gains also were reduced or significantly reduced
(P<0.05 to P<0.01) in these dose groups. In the 250 and 500 mg/kg/day
groups, body weights were generally reduced or significantly reduced (P<0.05
to P<0.01) throughout the dosing period. Body weight gains were significantly
reduced (P<0.05) in the 50 mg/kg/day dose group on GD 19 to 20. This
reduction was not biologically important and considered unrelated to the test
substance administration.
Feed consumption was not affected at dose levels of 50 mg/kg/day. Absolute
and relative feed consumption values were significantly reduced (P<0.05 to
P<0.01) in the 250 and 500 mg/kg/day dose groups for the entire dosing period
(calculated as days 0 to 20 of gestation). Within the dosing period, absolute and
relative feed consumption values were generally reduced or significantly
reduced (P<0.05 to P<0.01). Relative feed consumption values were increased
or significantly increased (P<0.05 to P<0.01) in the 250 and/or 500 mg/kg/day
dose groups on GD 15 to 18 and 19 to 20. These increases were interrelated
with the significantly reduced (P<0.01) body weights in these dose groups.
Percutaneous administration of 250 and 500 mg/kg/day caused significant
reductions (P<0.01) in the average litter
sizes and live fetuses. Significant increases (P<0.01) in resorption (total and
early) in were observed in the 500 mg/kg/day dose group. The number of
resorptions at the 250 mg/kg/day level was also appeared to be increased, but
was not statistically significant. The numbers of dams with any resorptions also
was increased in the 250 mg/kg/day dose group (possible biological
significance) and significantly increased (P<0.01) in the 500 mg/kg/day dose
group. Reflecting these effects, the percentage of resorbed conceptuses per
litter was increased in the 250 mg/kg/day dose group and was significantly
increased (P<0.01) in the 500 mg/kg/day dose group. Fetal body weights (male
and female) were significantly reduced (P<0.01) in the 250 and 500 mg/kg/day
dose groups. No effects described above were observed in the 50 mg/kg/day
group.
All other Caesarean-sectioning and litter parameters were unaffected by doses
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of the test substance as high as 500 mg/kg/day. Litter averages for
implantations and sex ratios did not demonstrate any significant or biologically
important differences. The average number of corpora lutea was significantly
reduced (P<0.0l) in the 250 mg/kg/day dose group. This event was considered
unrelated to the test substance because the incidence was not dosedependent. No dam resorbed all conceptuses, and the numbers of dams with
viable fetuses were comparable
among the four dose groups.
Fetal alterations were classified as: 1) malformations (irreversible changes
which occur at low incidences in this species and strain); or 2) variations
(relatively common developmental changes in this species and strain, including
minor reversible delays or accelerations in development).
The 250 and 500 mg/kg/day doses of the test substance were determined to be
the possible cause of increased incidences of eye malformations [decrease in
size, evident as small eye bulge(s) at gross external examination, and as small
eye sockets at skeletal examination] and cleft palate evident as incompletely
ossified palate at skeletal examination in the fetuses. The absence of a clear
dose-dependent incidence for this malformation may be interrelated with the
dose-dependent increases in resorptions (embryo-fetal deaths) in the 250 and
500 mg/kg/day dose groups.
Other alterations possibly attributed to test substance administration included
increases or significant increases (P<0.01) in the litter and/or fetal incidences of
hydronephrosis and bifid thoracic vertebral centra in the 250 and 500 mg/kg/day
dose groups, and umbilical hernia and delayed sternal ossification in the 500
mg/kg/day dose group.
Significant reductions (P<0.05 to P<0.0l) occurred in the average number of
ossified caudal vertebrae in the 250 and 500 mg/kg/day dose groups and
ossified sternal centers, metacarpals, metatarsals and hind paw phalanges in
the 500 mg/kg/day dose group; these alterations were considered related to the
test substance because: 1) the litter and fetal incidences were increased or
significantly increased; 2) the incidences were significantly reduced (ossification
sites); and/or 3) the incidences exceeded the ranges observed historically.
All other gross external, soft tissue and skeletal alterations were considered
unrelated to percutaneous administration of F-193 because: 1) the incidences
were not dose-dependent; or 2) the observations occurred as single events in
the high dose group. The significant reductions (P<0.01) in the fetal and litter
incidences of
incompletely ossified pubes and ischia and unossified pubes in the 50, 250 and
500 mg/kg/day dose groups were considered unrelated to the test substance
because 1) increases in fetal variations, rather than reductions, are expected
effects of a developmental toxicant; and 2) the events were not dosedependent.
Summary of Selected Maternal Weight Parameters
Dose (mg/kg/day)
Body wt –final (gr)
GD 0-3 wt gain (gr)
GD 3-6 wt gain (gr)
GD 6-9 wt gain (gr)
GD 9-12 wt gain (gr)

0
393.5
7.9
11.2
12.1
14.6
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50
386.0
10.3
8.8
10.9
16.4

250
361.0b
3.7a
6.2b
10.2b
12.1

500
342.4b
0.9b
2.8b
8.4b
12.6
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GD 12-15 wt gain (gr) 16.8
17.1
15.8
GD 15-18 wt gain (gr) 40.0
37.8
35.8
GD 19-20 wt gain (gr) 18.6
15.3a 13.0b
GD 0-20 wt gain (gr)
137.5 131.1 109.2b
a)Statistically different from control (p<0.05)
b)Statistically different from control (p<0.01)

11.7b
30.2b
10.6b
86.6b

Summary of Mean Selected Reproduction and Litter Data
Dose (mg/kg/day)
0
50
250
Corpora lutea
18.2 17.2 16.2
Implantation sites – mean 15.7 15.0 14.6
Live fetuses – total
361 339 323
Live fetuses - mean
15.0 14.1 12.9b
Litter size
15.0 14.1 12.9b
Viable male fetuses (%)
50.4 55.5 47.4
Total resorptions (mean)
0.7
0.9
1.7
Dams with resorptions
10
10
14
a)Statistically different from control (p<0.05)
b)Statistically different from control (p<0.01)

500
16.5
14.5
214
9.7b
0.7b
52.3
4.8b
20b

Fetal Endpoints
Dose (mg/kg/day)
Fetal weights (gr)
Litters evaluated
Live fetuses - total
Dead fetuses – dead
% Resorbed conceptuses per
litter
Litters with any alteration (N;%)c

Conclusion:

0
3.47
24
361
0
4.2

50
3.48
24
339
0
5.6

250
3.18b
25
323
0
11.3

500
2.99b
22
214
0
32.1b

11
(45.8)
18
(5.0)
5.13

9
(37.5)
13
(3.8)
3.88

10
(40.0)cd
16 (50)cd

17
(77.3)b
25
(11.7)b
11.95

Fetuses with any alteration
(N;%)c
Fetuses with any alteration per
5.84
litter (mean %)c
a)Statistically different from control (p<0.05)
b)Statistically different from control (p<0.01)
c) See text for discussion of results.
d) Some of the specific fetal alterations in this group were judged to be test
substance related based on criteria described above.
Determined by reviewer:
The maternal NOAEL for dermal exposure to SRGO during GD 0-19 was
determined to be 50 mg/kg/day (LOAEL 250 mg/kg/day based decreased body
weight, body weight gains and absolute and relative food consumption. ).
NOTE: Dermal irritation occurred at all doses tested; author indicates NOAEL of
< 50 mg/kg/day based on this effect.
The developmental NOAEL for dermal exposure to SRGO during GD 0-19 was
determined to be 50 mg/kg/day. (LOAEL = 250 mg/kg/day based on decreased
fetal body weights, embryo-fetal viability, and fetal gross external, soft tissue
and skeletal alterations)

RELIABILITY/DATA QUALITY
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Reliability:

Valid Without Restrictions (KS=1)

Reliability Remarks:

Non guideline study, but with adequate detail to make NOAEL determination.

Key Study Sponsor Indicator:

Key

REFERENCE
Reference:

ARCO. 1993. Developmental Toxicity (Embryo-Fetal Toxicity and Teratogenic
Potential) Study of F-193 Administered Percutaneously to Crl:CD®BRK
VAF/Plus® Presumed Pregnant Rats. 1993. Report ATX-92-0011.
Mobil. 1994. Characterization and Quantitation of Polynuclear Aromatics. Mobil
Environmental and Health Sciences Laboratory Report no. 65726-ZA-ZR.
API. 2008. PAC Analysis Task Group, “The relationship between the aromatic
ring class content and selected endpoints of repeat-dose and developmental
toxicity of high-boiling petroleum substances.”
http://www.petroleumhpv.org/pages/pac.html, accessed 31 Dec 2009

High Production Volume Information System (HPVIS)

DEVELOPMENTAL TOXICITY/TERATOGENICITY
TEST SUBSTANCE
Category
Chemical:
Test
Substance:
Test
Substance
Purity/Compo
sition
and Other
Test
Substance
Comments:

Category
Chemical
Result Type :
Unable to
Measure or
Estimate
Justification :

64741-49-7
64741-49-7; Vacuum Tower Overheads (VTO)
Vacuum Tower Overheads (CRU No. 86270)
PAC (Polycyclic Aromatic Compound) Content – Report No. 63806 ZF (Mobil, 1990)
Sample
DMSO 1-ARC 2-ARC 3-ARC 4-ARC 5-ARC 6-ARC 7-ARC
1
2
#
wt.%
(%)
(%)
(%)
(%)
(%)
(%)
(%)
86270
8.80
0.88
2.64
3.52
0.88
0.35
0.00
0.35
1) Percent of DMSO-extractable materials (mostly PACs), determined by the PAC 2 method as
described in API (2008).
2) ARC is “aromatic ring class”. “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.
Measured

METHOD
Route of
Administratio
n:
Other Route

Dermal, non-occluded
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of
Administratio
n:
Type of
Exposure:
Species:

Developmental toxicity study
Rat

Other
Species:
Mammalian
Strain:
Other Strain:

Not applicable

Gender:

Females, presumed pregnant (non treated males used for mating)

Number of
Animals per
Dose:
Concentratio
n:
Dose:

Year Study
Performed :
Method/Guid
eline
Followed:
GLP:
Exposure
Period:
Frequency of
Treatment:
PostExposure
Period:
Method/Guid
eline
and Test
Condition
Remarks:

Sprague-Dawley (Charles River, Kingston, NY)
Not applicable

10 per dose, except for an additional group of 5 animals exposed at 1000 mg/kg on GD 10-12 used
to obtain bioavailability data

Developmental study, GD 0-19, GD 0-15 and GD 10-12:
0 (remote), 0 ( proximate), 30, 125, 500, 1000 mg/kg/day
Bioavailability study, GD 10-12:
1000 mg/kg/day
1987
Similar to OECD 414 (Prenatal Developmental Toxicity Study). Main difference was that fewer
females were used (10/group versus 20).
No information
GD 0-19 (6 groups); GD 0-15 (2 groups) ; GD 10-12 (2 groups)
Once per day
None
The study was designed to detect the effects of exposure to VTO on parameters of reproductive
performance during gestation (implantation, litter size) and viability and development of the
embryo/fetus. The study was also designed to include clinical chemistry analyses of maternal sera,
bioavailability/bioaccumulation of VTO in maternal tissues, placentae, and fetuses, and postnatal
survival of neonates.
Prior to the initiation of dosing with the test material, females were placed with untreated males
(approximate 1:1 ratio). Once mating occurred and confirmed by detection of a vaginal plug (in situ
or expelled), the individual, presumed pregnant females were randomly assigned to eight treatment
groups and dosing began for that animal. The treatment groups and time exposure periods were as
follows, where designation as GD 0 followed detection of a vaginal plug, and spermatozoa in the
vaginal lavage fluid:
Prenatal Group
*Remotely-housed dermal control (0 mg/kg/day) – GD 0-19
Proximately-housed dermal control (0 mg/kg/day) – GD 0-19
VTO 30 mg/kg/day – GD 0-19 – 10 animals
VTO 125 mg/kg/day – GD 0-19 – 10 animals
VTO 500 mg/kg/day – GD 0-19 – 10 animals
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VTO 1000mg/kg/day – GD 0-19 – 10 animals
VTO 1000 mg/kg/day – GD 10-12 – 10 animals; included as an additional group because was
anticipated that administration throughout the complete gestation period may result in a high
incidence of fetal lethality. This is a period during which fetuses are susceptible to abnormal
development.
Postnatal Group**
Proximately-housed dermal control (0 mg/kg/day) – GD 0-15;
VTO 500 mg/kg/day –10 animals – GD 0-15
Bioavailability Group
Radiolabeled VTO 1000 mg/kg/day – GD 10-12 – 5 animals; bioavailability group
*Because inhalation of the test material could not be ruled out, a separate control group was not
housed in the same animal room (remote-housed control). Subsequent analyses of air samples
indicated that no single compound was detected above the limit of detection of 0.2 mg/m3.
** The postnatal group was originally scheduled to be administered GD 0-19. However treatment
was discontinued after day 15 because of a high incidence of resorption noted, and an attempt to
increase the in utero survival of offspring. GD 15 is also the last day of treatment in a standard
EPA/FDA teratology studies.
The exposure levels were based on results of a developmental study previously conducted on
similar materials.
Developmental/Pre and Post-natal study (Groups 1-9):
The test material was administered to groups 3-6 on GD 0-19. Hair was clipped from the dorsal
trunk of each animal on GD 0, and once weekly during the study. Each treatment day, animals were
dosed by even application of the test material to their shaved backs, using the tip of a syringe. The
test material dose, calculated from each rat’s most recent body weight, was measured by weight.
Rats were fitted with Elizabethan collars to minimize ingestion of test material. Controls were
handled in the same manner, minus application of the test material. Control animals were clipped
and collared and the intact dorsal skin of each rat was stroked with the tip of a syringe, but no test
material was applied.
Group 7 females were similarly treated but administration of test material was restricted to a period
of gestation during which fetuses are susceptible to abnormal development (GD 10-12).
Group 8 and 9 females were treated with test material as described during GD 0-15. This group
was originally scheduled to be administered GD 0-19. However treatment was discontinued after
day 15 because of a high incidence of resorption noted, and an attempt to increase the in utero
survival of offspring. GD 15 is also the last day of treatment in a standard EPA/FDA teratology
studies.
Each rat was observed at least once a day throughout gestation until sacrifice for 1) changes in
appearance, behavior, and excretory function, and 2) signs of ill-health, mortality, abortion and
premature delivery. Dams and their litters were observed on postpartum days 0-4 for signs of
pathosis and/or death. On postpartum day, pups were examined for external malformations and
variations. Pups were observed daily for the presence of milk in their stomachs; absence of milk
was recorded. All unusual findings were noted.
Individual body weights were recorded on days 0, 3, 6, 10, 13, 16, and 20 of gestation. Individual
food consumption was measured during the study was calculated for GD intervals 0-3, 3-6, 6-10, 1013, 13-16, and 16-20. Additionally, the body weights of the postnatal group (Groups 8 and 9) were
measured on postpartum days 0 and 4, and recorded. Food consumption was not measured during
the postpartum period.
For the prenatal groups (groups 1-7) each female was sacrificed by overexposure to ether on day 20
of its presumed gestation. Thoracic and abdominal organs were examined, and all organs were
examined grossly for evidence of pathosis. The thymus and liver of each animal were removed,
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trimmed of excess tissue, weighed to the nearest 0.001 gram, and preserved in 10% formalin.
Microscopic evaluation was performed on the thymus in the control (group 2) and 500 mg/kg/day
groups.
The ovaries and uterus of each rat were excised and examined grossly. The number of corpora
lutea per ovary and the weight of the gravid uterus were recorded. The ovaries in nonpregnant
females were grossly examined and then discarded. In the uterus, the number and location of
implantations, early and late resorptions, and live and dead fetuses were recorded. The uterus of
each female that appeared non-gravid was pressed between two glass slides and examined grossly
for evidence of implantation.
Blood samples for groups 1-7 were collected at the time of sacrifice from the aorta of each rat and
serum was analyzed for alanine aminotransferase, albumin, alkaline phosphatase, aspartate
aminotransferase, bilirubin, calcium, chloride, cholesterol, creatinine, globulin, glucose, lactate
dehydrogenase, iron, inorganic phosphorus, potassium, sodium, sorbitol dehydrogenase, total
protein, triglycerides, urea nitrogen, and uric acid. The globulin and albumin/globulin ratios were
calculated.
Each offspring was gendered, weighed and grossly examined. Approximately half of the fetuses
were randomly assigned for examination of soft tissues (viscera) following fixation in Bouin’s
solution, using a modification of the Wilson’s technique. The other half were fixed in 95% ethanol,
differentially stained for cartilage and bone, cleared in glycerin and examined for skeletal
abnormalities.
For the postnatal groups (group 8 & 9), female rats and their offspring were sacrificed on postpartum
day 4. Animals which did not deliver were sacrificed on GD 25. Thoracic and abdominal organs
were examined, and all organs were examined grossly for evidence of pathosis. The uterus was
excised and examined for the total number of implantations. The thymus and liver of each animal
were removed, trimmed of excess tissue, weighed to the nearest 0.001 gram, and preserved in 10%
formalin. Microscopic evaluation was performed on the thymus in the control (group 2) and 500
mg/kg/day groups. All pups were preserved in 95% ethanol at the time of sacrifice for possible
skeletal examination. Similarly, pups found dead during the postpartum period were preserved for
possible skeletal evaluation.
Bioavailability Study (Group 10)
From GD 0-9, pregnant females were housed in stainless steel cages with wire bottoms and fronts.
On GD 10, 11, and 12, the rats were housed in metabolism cages. The VTO used in the
bioavailability study contained two radioactive surrogates, carbon-14 radiolabeled carbazole and
hydrogen-3 radiolabeled benzo(a)pyrene (BaP). On GD 10, the hair was clipped from the dorsal
trunk of each animal and the radiolabeled test material was applied to the skin within a protective
device designed to contain the administered dose. A mesh screen was attached to the protective
device, and each rat was fitted with an Elizabethan collar. The same procedure was repeated on
GD 11 and 12, except the needle tip with the test material was inserted through the mesh screen in
order to apply the test material.
On GD 13, 24 hrs after the administration of the last VTO dose, animals were sacrificed and
maternal blood was collected. Necropsies were performed and the uterine contents located and
examined for the number of normal and resorbed fetuses for each dam. The individual fetal units
were removed, and the amniotic fluid was collected from the isolated placenta. The embryo was
separated from the yolk sac and rinsed with water to remove residual amniotic fluid. Placentas,
embryos, amniotic fluid and yolk sacs were pooled for each dam and the weights or volumes of the
pooled samples determined. Maternal tissues collected for radioactivity analysis included the
following: thymus, liver, heart, brain, small intestine, large intestine, kidneys, spleen, stomach,
ovaries, urinary bladder, lungs, muscle, retroperitoneal fat, femur bone and residual carcass.
Determination of radioactivity in blood, urine and cage wash was accomplished by measuring the
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amount of carbon-14 labeled carbon dioxide and H-3 labeled water produced from direct combustion
of duplicate samples. Samples were oxidized for three minutes and the carbon dioxide and water
generated from the combustion were separated and trapped in a cocktail fluid. Carbon-14 and
hydrogen-3 radioactivities were measured. Fecal samples were homogenized, combusted and the
radioactivity measured.
The placentae, urteri, embryos, and yolk sacs were homogenized in an equivalent volume of water,
and aliquots of the homogenate were combusted. Maternal tissues were treated in the same
manner, although six tissues including the ovaries, urinary bladder, muscle, fat, bone and residual
carcass were combusted directly without homogenization or dilution. In all cases, the trapped
carbon dioxide and water were measured for radioactivity by liquid scintillation counting. Samples of
the amniotic fluid were also combusted directly without dilution. Duplicate analyses were performed
whenever possible. The sensitivity of the radioactivity allowed for the detection of 0.005% of the
applied dose.
The systemic dermal absorption of the two radiolabeled surrogates was determined by summing the
total carbon-14 or hydrogen-3 radioactivities found in the urine, urine/cage washings, feces and
collected maternal and embryonic tissues at the end of 72 hours. Tissue concentrations of
carbazole and benzo(a)pyrene (BaP) were calculated based on the radioactivity found per gram or
per ml. The total amount of a radiolabeled surrogate in the tissues was calculated as a percent of
the total applied radioactive dermal dose over three days.
Statistical analysis:
Data from the maternal biophase, caesarean section, and gross fetal examinations were evaluated
by ANOVA, followed by group comparisons using Fisher’s Exact or Dunnett’s Test. Data from
skeletal and visceral examination were evaluated by ANOVA followed by group comparisons using
Fisher’s Exact Test. Thymus and liver weights were evaluated using Duncan’s multiple range test.
Statistical analyses of clinical chemistry data were performed separately on individual serum
components using SAS procedures. First the F-test was employed to do an analysis of variance on
the serum data obtained from the control and exposed groups. Next the Student-Newman-Keul’s
multiple comparison test was employed to identify the specific group subsets within the serum data
sets identified as having nonrandom variance. Differences between control and treated groups were
considered statistically significant only if the probability of the differences being due to chance was
less than 5% (p<0.05).
PAC Analysis:
The percent of each ring class was conducted in a separate study and determined by the PAC 2
method as described elsewhere . Briefly the PAC 2 is a single analytical method that involves
solvent extraction (DMSO) and an analysis of the DMSO-extracted concentrate of PACs by gas
chromatography with an FID or MS detector. The DMSO extraction procedure is selective for the
less polar PAC species, so that highly alkylated PACs are excluded from measurement. (API, 2008;
and Mobil, 1991)
TEST RESULTS
Concentration ( LOAEL/LOAEC/NOAEL/NOAEC )*
Value Description:

Value or Lower
Concentration:

LOAEL – Dermal Maternal

=

500

mg/kg/day

NOAEL- Dermal Maternal

=

125

mg/kg/day

LOAEL - Dermal Offspring (F1)

=

125

mg/kg/day

NOAEL - Dermal Offspring (F1)

=

30

mg/kg/day

Type

Population:

*Determined by reviewer
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Results Remarks:

The female animals used in the study were approximately 9 weeks old at
receipt and approximately 11 weeks old at exposure initiation.
The majority of clinical observations were noted in both the control and treated
groups and appear to be a
result of animals being collared and/or related to mating activity. Findings were
not considered to be test material related due to the low incidence and lack of a
dose response relationship.
Findings attributable to VTO exposure included moderate to severe skin
irritation at the dosing site. Erythema and flaking of skin (with or without scabs)
were observed in all of the groups exposed to VTO. Edema, eschar
thickening/stiffening of the skin, fissuring, and necrosis/ulceration and/or sores
were observed at the two highest dose levels (500 and 1000 mg/kg/day) on
GD 0-19. Vaginal bleeding, a sign of some degree of litter resorption was
observed in the 500 and 1000 mg/kg/day dose groups.
In both the prenatal and postnatal exposure groups (Groups 3-7, 9), mean body
weights and body weight changes were significantly less than respective control
groups at the 500 and 1000 mg/kg/day level throughout the gestation period .
In general body weight changes reflected decreased food consumption.
Animals which were administered VTO for a limited period of gestation (GD 1012, 1000 mg/kg/day) gained less weight during the period of exposure than
either control. The mean net body weight change as well as the mean carcass
weight of females in the 500 and 1000 mg/kg/day groups (GD 0-19) were also
significantly different from the control groups. The postnatal group females
demonstrated a significantly lower body weight throughout postpartum days 0-4.
Summary of Selected Maternal Weight Parameters
Dose
(mg/kg/
day)

0
Rem
.

0
Prox
.

30

125

500

1000

100
0
(GD
1012)
380

0
(Post
natal
Gp)

500
(Post
natal
Gp)

Body wt
–at
delivery
(gr)
GD 0-3
wt gain
(gr)
GD 3-6
wt gain
(gr)
GD 610 wt
gain
(gr)
GD 1013 wt
gain
(gr)
GD 1316 wt
gain

415.
4

413.
0

399.
9

382.
1

331.
6bd

282.
7bd

422.
3

349.8f

9

13

16

7

-5ad

-3d

12

17

-6f

16

16

15

12

13

9

19

14

11

21

20

18

20

22

17

19

24

22

21

20

18

15

11bd

7bd

5bd

18

13e

28

26

24

24

13bd

1bd

23

26

10f
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(gr)
GD 1670
69
63
60
30bd 14bd
20 wt
gain
(gr)
GD 0165
164
153
140
93bd 46bd
20 wt
gain
(gr)
Postpar ------tum day
0
Postpar ------tum day
4
Gravid
90.7 93.7 83.6 74.7 32.9
10.9
uterus
bd
bd
(gr)
Carcas
324. 329. 316. 307. 298.
271.
s (gr)
7
3
4
4
9c
9bd
Net wt
74.4 80.0 69.5 65.2 50.6
35.1
change
ad
bd
from
day 0
(g)
Thymus 0.28 0.29 0.25 0.24 0.17
0.13
weight
0
4
0
7
6ad
8bd
(g)absolut
e
Thymus 0.08 0.08 0.07 0.08 0.05
0.05
weight
8
8
8
1
9ac
0bd
(g)relative
Liver
16.7 17.1 16.4 17.5 16.8
16.7
weight - 32
34
81
19
12
55
absolut
e (g)
Liver
5.16 5.20 5.20 5.69 5.62
6.14
weight
0
6
9
9
4
5bd
(g)relative
a)Statistically different from remote control (p<0.05)
b)Statistically different from remote control (p<0.01)
c)Statistically different from proximate control (p<0.05)
d)Statistically different from proximate control (p<0.01)
e)Statistically different from matched control (p<0.05)
f) Statisically different from matched control (p<0.01)
g) = Carcass weight minus day 0 body wt

61

66

40f

138

164

90f

--

325

310e

--

334

314e

70.1

--

--

309.
9
67.9

334

311

--

--

0.20
6

0.22
2

0.299

0.06
6

0.06
7

0.096

16.7
40

14.7
58

13.79
2bd

5.41
2

4.42
4bd

4.443
bd

The thymus weight [both absolute and relative (Tables 9A and 9b)] of Prenatal
Toxicity groups animals exposed to VTO throughout gestation at levels in
excess of 125 mg/kg/day was significantly less than that of control animals.
Although the thymus of animals exposed to 1000mg/kg/day VTO during
gestation days 10-12 weighed less than the thymus of control animals, the
difference was not significant (p}0.05). The relative liver weight of animals
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exposed to 1000 mg/kg/day VTO (gestation days 0-19) was also significantly
greater (p(O.OI) than that of the controls. Individual thymus and liver weights
are presented in Appendix 6.7.
Maternal necropsy result showed a reduced size of the thymus at the 125
mg/kg/day dose level and greater. Both absolute and relative thymus weight
was decreased in VTO exposed animals at 500 and 1000 mg/kd/day. At 1000
mg/kg/day (GD 10-12), thymus weight was decreased, but the difference was
not significant. The relative live weight of animals exposed to 1000 mg/kg/day
VTO was also significantly greater than that of the controls.
For the GD 0-19 groups, VTO exposures at 500 mg/kg/day and higher
adversely affected the number and percent of dams with resorptions, the
number of resorptions, and litter size. No other parameters were significantly
different from the control animals. None of the parameters evaluated at GD 1012 appeared to be adversely affected.
Summary of Mean Selected Reproduction Data (Groups 1-7)
Dose
(mg/kg/day)

0
Rem.

0
Prox.

30

125

500

Viable fetuses
164
158
141 142 60
Litter size
16.4
15.8
15.7 14.3 6.0bd
(mean)
Viable male
82
77
75
84
37
fetuses
Viable female
82
81
66
58
23
fetuses
Resorptions
1.1
1.0
0.1
1.7
9.3bd
(mean)
Resorptions
6.1
6.1
0.6
10.7 64.0bd
(mean %)
Dams with
50
70
11c 80
100a
resorptions (%)
Pups delivered
-----a)Statistically different from remote control (p<0.05)
b)Statistically different from remote control (p<0.01)
c)Statistically different from proximate control (p<0.05)
d)Statistically different from proximate control (p<0.01)

1000

18
1.6bd

1000
(GD 1012)
117
13.0

7

43a

9

74

14.5bd

10

90.5bd

9.1

100a

56

--

--

For clinical chemistry parameters, statistical analyses were performed only
between the remote control and VTO-exposed groups. Significant differences
were observed in animals treated at 500 and 1000 mg/kg/day (GD 0-19) for
serum urea nitrogen, triglycerides, total protein, albumin, inorganic phosphorus,
potassium, and iron in a dose-dependent manner. When the historical serum
reference values were taken into consideration, the dose response curves for all
values except the serum potassium were outside the normal range.
Decreases in body weight and crown-rump distances were observed in fetuses
from dams exposed to VTO at dose levels of 500 mg/kg/day and greater (GD019). One fetus from a control litter and one fetus at the 1000 mg/kg/day (GD1012) were malformed. The observation was not judged to be test material
material-related. Although a significant increase in malformations was observed
in the 1000 mg/kg/day (GD0-19) group, this probably due to the number of
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survivors evaluated and may not reflect a teratological response. No one
malformation was predominant. The incidence of skeletal variations was high in
both VTO-exposed fetuses as well as in the control fetuses. There was a
significant increase in soft tissue anomalies at the dose levels of 500 and 1000
mg/kg/day (GD 0-19). Among the findings it was observed that spleen weights
were statistically lower at 500 and 1000 mg/kg/day. In addition, situs inversus
were noted in control fetuses. Right sided esophagus, right-sided aortic arch,
reduction in atrial size, and reduction in spleen size were all noted in one fetus
exposed in utero to 125 mg/kg/day; the fetus was dead at the time of cesarean
section. There was also an increase in urinary anomalies at the 125 mg/kg/day
level. These findings were attributed to treatment with VTO.
Fetal Endpoints – Weight and Gross Examination (Groups 1-7)
Dose
0
0
30
125 500
(mg/kg/day)
Rem.
Prox.
Fetal weights
3.7
3.5
3.5
3.5
3.1b
(g)
Crown-Rump
33.8
32.7
32.6 32.7 31.3b
(mm)
Litters
10
10
9
10
7
evaluated
Fetuses - live
164
158
141 142 60
Fetuses – dead 0
0
0
1
0
Gross Exam
0
0.6
0.0
0.0
0.0
(fetal incidence;
%)
Gross Exam
0
10
0.0
0.0
0.0
(litter incidence;
%)
a)Statistically different from remote control (p<0.05)
b)Statistically different from remote control (p<0.01)
c)Statistically different from proximate control (p<0.05)
d)Statistically different from proximate control (p<0.01)

1000
2.8bd

1000 (GD
10-12)
3.5

31.4b

32.6

6

9

16
0
0.0

117
0
0.9

0.0

11

Fetal Endpoints – Skeletal Malformations and Skeletal Variations (Groups 1-7)

Dose (mg/kg/day)

0
Rem.

0
Prox.

30

125

Litters evaluated
10
10
9
10
Fetuses - live
84
60
72 74
Fetuses – dead
0
0
0
0
Total skeletal
4.8
1.3
1.4 0
anomalies (fetal
incidence; %)
Total skeletal
30
10
11 0.0
anomalies litter
incidence; %)
a)Statistically different from remote control (p<0.05)
b)Statistically different from remote control (p<0.01)
c)Statistically different from proximate control (p<0.05)
d)Statistically different from proximate control (p<0.01)
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0.6

6
10
0
30ad
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9
62
0
3.2
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11

Id Gas Oils

5. Toxicity

Date October 23, 2012
Fetal Endpoints – Soft Tissue Anomalies (Groups 1-7)*
Dose (mg/kg/day)

0
Rem.

0
Prox.

30

125

500

1000

1000
(GD 1012)
9
55
0
15

Litters evaluated
10
10
9
10
7
3
Fetuses - live
80
78
69 68
28
6
Fetuses – dead
0
0
0
1
28
0
Total fetal soft tissue
7.5
5.1
4.3 14
34bd 83bd
(fetal incidence; %)*
Total fetal soft tissue
40
30
22 40
71
67
33
(litter incidence; %)*
a)Statistically different from remote control (p<0.05)
b)Statistically different from remote control (p<0.01)
c)Statistically different from proximate control (p<0.05)
d)Statistically different from proximate control (p<0.01)
* Although the total number of soft tissue anomalies was not significantly
different in the 125 mg/kg/day group, there was one fetus that displayed rightsided esophagus, right-sided aortic arch, reduction in atrial size and reduction in
spleen size; the fetus was dead at cesarean section. There was also a
significant increase in urinary anomalies at the 125 mg/kg/day level.
For the postnatal group, there were no VTO-related findings at the time of gross
necropsy. As noted previously, the absolute and relative liver weights of the
postnatal group animals were less than the weights of the prenatal control
groups. The finding was not unexpected since the size of the liver increases
during pregnancy and then decreases after parturition. The thymus weights did
not differ significantly from the controls, although the thymus weights of the
postnatal control group seemed unusually small and the postnatal group 9
seemed unusually large. Further investigation showed that 4/10 animals in the
postnatal control group showed a moderate lymphoid reduction that
corresponded to the small thymus weights.
With the exception of litter size, no treatment related differences were noted in
other parameters measured including number of pregnant females (%), duration
of gestation, implantation sites, and litters with live born.
Summary of Litter Data (Groups 8 & 9)
Dose (mg/kg/day)
Pups delivered – total
Implantation sites
Litter size- mean (total pups/litter)
Liveborn
Stillborn
Live pups/litter Day 0
Live pups/litter Day 1
Live pups/litter Day 2
Live pups/litter Day 3
Live pups/litter Day 4

0
161
17.0
16.1
160
1
16.0
15.6
15.6
15.5
15.5

500
67
14.6
9.6a
66
1
9.4a
9.4a
9.4a
9.4a
9.4a

a)Statistically different from matched control (p<0.05)
b) Statisically different from matched control (p<0.01)
For the offspring of the postnatal group, no treatment-related differences were
observed between the control and the VTO exposed groups for the following
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parameters: pup survival and pup body weight.
Summary of Pup Data (Groups 8 & 9)
Dose (mg/kg/day)
Pup weights (gr) – Day 0
Pup weights (gr) – Day 4
Pups surviving 4 days
(%)

Conclusion:

0
5.9 (male)/5.4
(female)
9.2 (male)/8.7
(female)
97

500
6.4 (male)/5.8 (female)
10.3 (male)/9.4
(female)
100

Bioavailability/Bioaccumulation Analyses
The dermal penetration of C-14 carbazole occurred more extensively and
rapidly than H-3 BaP absorption over a 72 hour period. About 51.2% of the
total applied C-14 radioactive dose was dermally absorbed. In comparison
12.9% of the total applied H-3 radiolabeled material was systemically absorbed.
. In spite of the dermal bioavailability of radiolabeled material, the amount found
in the embryo was very low (0.01%). The majority of the C-14 radiolabel in the
maternal tissues (total 4.1%) was found in maternal blood (1.4%), large
intestines (1.13%), small intestines (0.72%) and liver (0.39%). The amount of
H-3 radiolabeled material in maternal tissues at the end of 72 hr was 4.4% of
the dose, and the amount in the embryo was less than 0.02%. Most was found
in the large and small intestines (2.42 and 0.84% respectively), liver (0.28%)
and maternal blood (0.53%). This indicates that although radiolabeled
carbazole and BaP are capable of reaching the embryo, they do not accumulate
there to a significant degree. The results suggest that the placenta may be an
effective barrier against the transplacental transport of these VTO components
to the embryo.
Determined by author:
The maternal NOAEL for dermal exposure to VTO during GD 0-19 was
determined to be 125 mg/kg/day (LOAEL= 500 mg/kg/day based on increased
vaginal discharge observations, decrease in absolute and relative thymus
weight, decreased body weight and body weight changes; decreased food
consumption; changes in serum chemistry [serum urea nitrogen, triglycerides,
total protein, albumin, inorganic phosphorus, and iron in a dose-dependent
manner])
Note: the animals experienced dermal irritation at all dose levels (NOAEL < 30
mg/kg/day for dermal irritation)
The developmental NOAEL for dermal exposure to VTO during GD 0-19 was
determined to be 30 mg/kg/day (LOAEL = 125 mg/kg/day based on increased
fetal visceral anomalies; few fetuses in 500 and 1000mg/kg groups)

RELIABILITY/DATA QUALITY
Reliability:

Valid Without Restrictions (KS=1)

Reliability Remarks:

Comparable to guideline study

Key Study Sponsor Indicator:

Key
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Vacuum Tower Overheads. Mobil Environmental and Health Sciences
Laboratory Report 62328.
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Mobil. 1990. Characterization and Quantitation of Polynuclear Aromtatics in
Vacuum Tower Overhead. Mobil Environmental and Health Sciences
Laboratory Report No. 63806ZF.
API. 2008. PAC Analysis Task Group, “The relationship between the aromatic
ring class content and selected endpoints of repeat-dose and developmental
toxicity of high-boiling petroleum substances.”
http://www.petroleumhpv.org/pages/pac.html, accessed 31 Dec 2009.

High Production Volume Information System (HPVIS)

DEVELOPMENTAL TOXICITY/TERATOGENICITY
TEST SUBSTANCE
Category Chemical:
Test Substance:

64741-59-9

Test Substance
Purity/Composition
and Other Test Substance
Comments:

Light Cycle Oil (CRU No. 8281)

64741-59-9; Light Cycle Oil (LCO); Catalytically Cracked Distillates, Light

PAC (Polycyclic Aromatic Compound) Content – report no. 53201
(Mobil, 1991)
Sample
#

12-ARC 3-ARC 4567ARC
(%)
(%)
ARC
ARC
ARC
ARC
2
(%)
(%)
(%)
(%)
(%)
8281
49.10
2.00
29.50
14.70
0.00
0.50
0.50
0.00
1) Percent of DMSO-extractable PACs, determined by the PAC 2 method as
described in API (2008).
2) ARC is “aromatic ring class”. “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.
Category Chemical Result
Type :
Unable to Measure or
Estimate Justification :

DMSO
1
wt.%

Measured

METHOD
Route of Administration:

Dermal, non-occluded

Other Route of
Administration:
Type of Exposure:

Developmental toxicity screen

Species:

Rat

Other Species:

Not applicable

Mammalian Strain:

Sprague-Dawley (Charles River, Lakeview, NJ)

Other Strain:

Not applicable

Gender:

Females, presumed pregnant (non treated males used for mating)

Number of Animals per
Dose:

10 per dose, except for two high dose sub-groups which had 5 animals each
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Concentration:
Dose:

GD 0-19:
0 (remote), 0 ( proximate), 25, 50, 250, 500 mg/kg/day
GD 0-6:
1000 mg/kg/day
GD 6-15:
1000 mg/kg/day

Year Study Performed :

1988

Method/Guideline Followed:

Similar to OECD 414 (Prenatal Developmental Toxicity Study). Main difference was
that fewer females were used (10/group versus 20).

GLP:

No information

Exposure Period:

GD 0-19 (6 groups); GD 0-6 (1 group) ; GD 6-15 (1 group)

Frequency of Treatment:

Once per day

Post-Exposure Period:

None

Method/Guideline
and Test Condition Remarks:

The study was designed to obtain data on the influence of LCO on parameters of
reproductive performance during gestation (implantation, litter size) and viability and
development of the embryo/fetus. The study was also designed to include clinical
chemistry analyses of maternal sera, and bioavailability of LCO in fetuses and
placentae. Samples were collected, but they were not analyzed because the method
of analysis to be used was proven not to be sensitive enough to detect the test
material and/or its metabolites.
Prior to the initiation of dosing with the test material, females were placed with
untreated males (approximate 1:1 ratio). Once mating occurred and confirmed by
detection of a vaginal plug (in situ or expelled), the individual, presumed pregnant
females were randomly assigned to eight treatment groups and dosing began for
that animal. The treatment groups and time exposure periods were as follows, where
designation as GD 0 followed detection of a vaginal plug, and spermatozoa in the
vaginal lavage fluid:
*Remotely-housed dermal control (0 mg/kg/day) – GD 0-19 – 10 animals
Proximately-housed dermal control (0 mg/kg/day) – GD 0-19 – 10 animals
LCO 25 mg/kg/day – GD 0-19 – 10 animals
LCO 50 mg/kg/day – GD 0-19 – 10 animals
LCO 125 mg/kg/day – GD 0-19 – 10 animals
LCO 250 mg/kg/day – GD 0-19 – 10 animals
LCO 500 mg/kg/day – GD 0-19 – 10 animals
8A. **LCO 1000 mg/kg/day – GD 0-6 – 5 animals
8B **LCO 1000 mg/kg/day – GD 6-15 – 5 animals
*Because inhalation of the test material could not be ruled out, a separate control
group was not housed in the same animal room (remote-housed control).
Subsequent analyses of air samples indicated that the concentration of LCO vapors
in the proximate control area were less than 1.0 mg/cubic meter.
**Due to the severity of the dermal irritation observed in the first few animals
exposed to 1000 mg/kg/day, group 8 was divided into two subgroups, 8A and 8B.
The test material was administered to groups 3-7 on GD 0-19. Hair was clipped from
the dorsal trunk of each animal on GD 0, and once weekly during the study. Each
treatment day, animals were dosed by even application of the test material to their
shaved backs, using the tip of a syringe. The test material dose, calculated from
each rat’s most recent body weight, was measured by weight. Rats were fitted with
Elizabethan collars to minimize ingestion of test material. Controls were handled in
the same manner, minus application of the test material. Control animals were
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clipped and collared and the intact dorsal skin of each rat was stroked with the tip of
a syringe, but no test material was applied.
Group 8A and 8B females were similarly treated but administration of test material
was restricted due to the severity of irritation. Consequently, 8A animals were
treated during GD 0-6 and 8B animals were treated GD 6-15.
Each rat was observed at least once a day throughout gestation until sacrifice for 1)
changes in appearance, behavior, and excretory function, and 2) signs of ill-health,
mortality or abortion. All unusual findings were noted.
Individual body weights were recorded on days 0, 3, 6, 10, 13, 16, and 20 of
gestation. Individual food consumption was measured during the study was
calculated for GD intervals 0-3, 3-6, 6-10, 10-13, 13-16, and 16-20.
Each female was sacrificed by overexposure to ether on day 20 of its presumed
gestation. Thoracic and abdominal organs were examined, and all organs were
examined grossly for evidence of pathosis. The number of corpora lutea per ovary
and the weight of the gravid uterus were recorded. The ovaries in nonpregnant
females were grossly examined and then discarded. In the uterus, the number and
location of implantations, early and late resorptions, and live and dead fetuses were
recorded. An "early resorption" was defined as a reabsorbed dead conceptus in
which it was not grossly evident that organogenesis had occurred; a "late resorption"
was defined similarly but as one in which it was evident that organogenesis had
occurred. A "live fetus" was defined as a fetus which responded to a stimulus, such
as touch; a "dead fetus" did not respond to stimuli, nor did it demonstrate the
autolysis characteristic of late resorptions. The uterus of each female that appeared
non-gravid was pressed between two glass slides and examined grossly for
evidence of implantation
Blood samples were collected at the time of sacrifice from the aorta of each rat and
serum was analyzed for alanine aminotransferase, albumin, alkaline phosphatase,
aspartate aminotransferase, bilirubin, calcium, chloride, cholesterol, creatinine,
globulin, glucose, lactate dehydrogenase, iron, inorganic phosphorus, potassium,
sodium, sorbitol dehydrogenase, total protein, triglycerides, urea nitrogen, and uric
acid. The globulin and albumin/globulin ratios were calculated.
Each fetus was gendered, weighed and grossly examined. The following definitions
and terminology were used in describing fetal findings:
Anomaly: Any deviation (malformation or variation) from "normal.”
Malformation: A permanent structural deviation which generally is incompatible with,
or severely detrimental to, normal postnatal survival or development. Absence
structures which should have been present, as well as deviations in tail
development, are also classified as malformations.
Variation: A variation is a divergence beyond the usual range of structural
constitution. It has an indeterminate effect on health and generally has no effect on
survival.
Following gross examination, fetuses in each litter were distributed randomly into
three groups. Approximately half of the fetuses in each litter were frozen for
subsequent residue analysis; these fetuses were not analyzed because the method
of analysis to be used was proven not to be sensitive enough to detect the test
material and/or its metabolites. The remaining fetuses in each litter were distributed
(1:1) into two groups and prepared for soft tissue (viscera) or skeletal evaluations.
Fetuses assigned to the soft tissue analysis group were fixed in Bouin's solution and
examined for anomalies using a modification of the Wilson's technique. Only control
fetuses (remote and proximate) and fetuses exposed to LCO at dose levels of 250
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mg/kg/day or greater were examined. Fetuses assigned to the skeleton analysis
group were fixed in 95% ethanol, differentially stained for cartilage and bone, cleared
in glycerin and examined for skeletal abnormalities.
Statistical analysis:
Data from the maternal biophase, caesarean section, and gross fetal examinations
were evaluated by ANOVA, followed by group comparisons using Fisher’s Exact or
Dunnett’s Test. Data from skeletal and visceral examination were evaluated by
ANOVA followed by group comparisons using Fisher’s Exact Test. Thymus.
Statistical analyses of clinical chemistry data were performed separately on
individual serum components using SAS procedures. First the F-test was employed
to do an analysis of variance on the serum data obtained from the control and
exposed groups. Next the Student-Newman-Keul’s multiple comparison test was
employed to identify the specific group subsets within the serum data sets identified
as having nonrandom variance. Differences between control and treated groups
were considered statistically significant only if the probability of the differences being
due to chance was less than 5% (p<0.05).
PAC Analysis:
The percent of each ring class was conducted in a separate study and determined
by the PAC 2 method as described elsewhere. Briefly the PAC 2 is a single
analytical method that involves solvent extraction (DMSO) and an analysis of the
DMSO-extracted concentrate of PACs by gas chromatography with an FID or MS
detector. The DMSO extraction procedure is selective for the less polar PAC
species, so that highly alkylated PACs are excluded from measurement. (API, 2008;
Mobil, 1991 )
TEST RESULTS

Concentration ( LOAEL/LOAEC/NOAEL/NOAEC )*
Value Description:

Value or Lower
Concentration:

LOAEL – Dermal Maternal

=

50

mg/kg/day

NOAEL- Dermal Maternal

=

25

mg/kg/day

LOAEL - Dermal Offspring (F1)

=

500

mg/kg/day

NOAEL - Dermal Offspring (F1)

=

250

mg/kg/day

Type

Population:

Upper
Concentration:

Units:

*Determined by the reviewer
Results Remarks:

The animals used in the study were approximately 6 weeks
old at receipt and approximately 9 weeks old at exposure
initiation.
The red nasal exudate and chromodacryorrhea that were
observed in control and LCO groups are common in animals
that are collared. Neck lesions were observed in control and
LCO-exposed groups in spite of the protective soft rubber
tubing that lines the inner surface of the cardboard.
Alopecia, scratches, and scabs were observed in the control
groups as well as in LCO-exposed groups. Due to their low
incidence and their appearance in the control groups, these
findings are not considered to be test material-related. A red
vaginal exudate was observed on gestation day 0 in one
animal from group 5 (125 mg/kg/day) and one animal from
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group 7 (500 mg/kg/day). It is not uncommon to observe this
finding in rats which have bred within the last few hours. A
vaginal exudate on gestation day 0 is not indicative of a
"problem pregnancy."
Erythema and flaking of skin at the site of test material
administration were observed in all of the groups exposed to
LCO. With the exception of the low-dose group (25
mg/kg/day), eschar, fissuring, scabbing, and scar formation
were observed in all LCO-exposed groups. A red-colored
vaginal discharge was observed on gestation day 15 in 1
animal from Group 8B. This is a common observation when
several implantations are being resorbed simultaneously. At
Cesarean section, the percentage of resorbed implants was
94% for this dam. Hyperactivity, vocalization, and perineal
staining were also observed in animals administered 500 or
1000 mg/kg/day of LCDO; these findings are not uncommon
in animals exposed to severe dermal irritants or other
stressful conditions.
Decreases in mean body weight were observed throughout
gestation for experimental groups which were administered
50 mg/kg/day LCO or higher. Statistical significance was
observed at 250 mg/kg/day and higher. Decreases in body
weight and body weight gains were also observed at
different times during gestation at dose levels of 250
mg/kg/day or higher.
The carcass weights of the groups exposed to test material
at a level of 250 mg/kg/day or higher reached statistical
significance (p < 0.01).It should be noted that a decrease in
the amount of food consumed was observed for groups
which experienced a loss in body weight. In general, the
amount of food consumed decreased as the dosage
increased.
None of the findings at maternal necropsy are believed to be
related to exposure to the test material.
Summary of Selected Maternal Weight Parameters
Dose
(mg/k
g/day
)

0
Re
m.

0
Pr
ox
.

2
5

50

12
5

250

500

Body
wt –
final
(gr)
GD 03 wt
gain
(gr)
GD 3-

43
7

41
8

4
1
9

39
6

40
2

380
bd

349
bd

4

2

2

-2

5

-4

13

14

1

17

11

7
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6 wt
gain
(gr)
GD 610 wt
gain
(gr)
GD
10-13
wt
gain
(gr)
GD
13-16
wt
gain
(gr)
GD
16-20
wt
gain
(gr)
GD 020 wt
gain
(gr)
Gravi
d
uteru
s (gr)
Carca
ss
(gr)

7

21

23

1
8

16

16

16

11b
d

18

17
b

19

16

1
8

16

16

16

15

26

1b

25

26

2
7

23

21

21

16a
c

25

6a

67

59

5
9

52

58

47a

40b
c

61

42
b

15
8

14
0

1
4
0

12
2

12
8

103
bd

78b
d

ND

ND

79
.4

74
.2

7
4.
4

71
.7

77.
7

69.
9

60.
4

69.
2

43.
2b

35
7.
4

34
3.
6

3
4
4
.4
6
5.
9

32
3.
7

32
4.8
.

309
.9b
c

288
.7b
d

30
7.5
b

29
3.2
b

Net
70 66
60 49. 33.
17.
45. 0.2
wt
.1
.3
.4
9
3bd 8bd 5b
b
chang
e
from
day 0
(e)
a)Statistically different from remote control (p<0.05)
b)Statistically different from remote control (p<0.01)
c)Statistically different from proximate control (p<0.05)
d)Statistically different from proximate control (p<0.01)
e) = Carcass weight minus day 0 body wt
The mean number of resorptions for females exposed to
1000 mg/kg/day on GD 6-15 (group 8B) was significantly
greater (p < 0.01) than the mean number of resorptions
observed for the remote control group. Complementary to
the observed increase in resorptions, this same group also
had a significantly smaller (p < 0.01) mean litter size. A
slight decrease in litter size was observed at 500 mg/kg/day,
but the difference was not statistically significant. The
observed effects were anticipated since signs of maternal
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toxicity were observed at these dose levels. None of the
other parameters evaluated appeared to be affected by
maternal exposure to LCO.
Summary of Mean Selected Reproduction Data
Dose
(mg/kg/d
ay)

0
Re
m.

Implantat
ion sites
– total
Implantat
ion sites
– mean
Preimpla
ntation
loss
(%)
Viable
fetuses
Litter
size (e)
Viable
male
fetuses
(%)
Resorpti
ons
(mean)
Resorpti
ons
(mean
%)
Dams
with
resorptio
ns
(%)

13
9

0
Pr
ox.

25

50

12
5

25
0

50
0

10
00
(G
D
06)
77

10
00
(G
D
615)
91

15
2

12
1

16
3

15
2

12
5

15
.2

15
.1

16
.3

15
.2

13
.9

15
.4

18.
2a

15.
4

15
5
15.
5

12.
7

15.
6

10
.1

6.
0

11
.1

13
.1

24
.5

7.
4

4.3

13
5
15.
0
47

13
7
13.
7
55

14
3
14
.3
43

11
1
13
..9
47

14
8
14
.8
51

13
6
13
.8
49

11
2
12
.4
43

67

43

13
.4
51

8.6

0.4

1.8

0.
9

1.
3

1.
5

1.
6

1.
4

2.
0

9.6
b

3.0

11.
0

7.
5

8.
5

8.
8

9.
2

13
.0

12
.5

53.
3b

33

80

70

83

80

60

78

60

10
0b

44

No statistically significant differences in serum chemistry
data were observed in rats dosed at 1000 mg/kg during GD
0-6 (group 8A). Statistically significant differences between
serum data from remote control and treated rats in the 250,
500 and 1000 mg/kg/day (GD 6-15, group 8B) groups were
observed for cholesterol and triglycerides; a linear
relationship (>99% confidence level) between dose and
serum level existed only for triglycerides. The dose related
response that was observed for triglycerides is likely a
secondary effect of LCO as a result of resorption. In
general, it appears that dams that resorb their litters have a
serum profile that is similar to nonpregnant animals.
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A decrease in mean fetal body weight was observed in
fetuses from groups exposed to 500 mg/kg/day or more of
LCO; however, statistical significance was achieved only at
1000 mg/kg (GD 6-15).
A wide spectrum of abnormal fetal development was
observed in fetuses from control and LCO-exposed dams.
Some of the observed anomalies (gastroschisis,
microphthalmia, agnathia, micrognathia, microglossia) are
known to occur spontaneously at a very low incidence. Due
to their low incidence or their occurrence in control group
fetuses, and the absence of a dose-response relationship,
these observations were judged not to be test materialrelated.
A dose-related decrease in the degree of ossification of
nasal bones was noted; this was not unexpected at levels
which produced growth retardation. A limited number of soft
tissue defects were noted in fetuses exposed in utero to 500
mg/kg/day, but not in fetuses exposed to 1000 mg/kg/day at
either of the intervals tested. The authors note, however,
that the teratogenic effects of a test material can go
undetected if 1) small experimental group sizes (N < 20) are
used, or 2) all "defective" concepti are resorbed.
Fetal Endpoints – Weight and Gross Examination
Dose
(mg/kg/
day)

0
Re
m.

0
Pro
x.

25

50

12
5

25
0

50
0

Fetal
weights
(gr)
Litters
evaluat
ed
Fetuses
- live
Fetuses
– dead
Total
gross
exam

3.5

3.5

3.
4

3.
4

3.
5

3.
4

3.
2

9

10

10

8

10

10

135
0

13
7
0

14
3
0

11
1
0

14
8
0

4

0

1

1

2

0

1

1

anomali
es
(fetal
incidenc
e; %)
Total
gross
exam
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Conclusion:

anomali
es
(litter
incidenc
e; %)
Total
(e)
(e) (e (e (e (e (e (e) (e)
skeletal
)
)
)
)
)
change
s
(fetal
incidenc
e; %)
Total
(e)
(e) (e (e (e (e (e (e) (e)
skeletal
)
)
)
)
)
change
s
(litter
incidenc
e; %)
Total
(e)
(e) *
*
*
(e (e (e) (e)
soft
)
)
tissue
anomali
es
(fetal
incidenc
e; %)
Total
(e)
(e) *
*
*
(e (e (e) (e)
soft
)
)
tissue
anomali
es
(litter
incidenc
e; %)
*not examined
a)Statistically different from remote control (p<0.05)
b)Statistically different from remote control (p<0.01)
c)Statistically different from proximate control (p<0.05)
d)Statistically different from proximate control (p<0.01)
e) See text for explanation
Determined by the reviewer:
The maternal NOAEL for dermal exposure to LCO during
GD 0-19 was determined to be 25 mg/kg/day (LOAEL= 50
mg/kg/day based on decreased body weight, although
statistical significance only occurred at the 250 mg/kg/day
level and greater)
Note: the animals experienced dermal irritation at all dose
levels (NOAEL < 25 mg/kg/day for dermal irritation)
The developmental NOAEL for dermal exposure to LCO
during GD 0-19 was determined to be 250 mg/kg/day
(LOAEL = 500 mg/kg/day based on increased resorptions
and decreased mean fetal body weights, although statistical
significance only occurred at the 1000 mg/kg/day level)
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The authors also note that the developmental toxicity
observed during this study occurred at maternally toxic
doses.
RELIABILITY/DATA QUALITY
Reliability:

Valid Without Restrictions (KS=1)

Reliability Remarks:

Comparable to guideline study

Key Study Sponsor Indicator:

Key

REFERENCE
Reference:

Mobil. 1988. Light Cycle Oil Developmental Toxicity Screen
in Rats. Mobil Environmental and Health Sciences
Laboratory Report 50511.
Mobil. 1994. Characterization and Quantitation of
Polynuclear Aromatics in Light Cycle Oil. Mobil
Environmental and Health Sciences Laboratory Report no.
53201.
API. 2008. PAC Analysis Task Group, “The relationship
between the aromatic ring class content and selected
endpoints of repeat-dose and developmental toxicity of highboiling petroleum substances.”
http://www.petroleumhpv.org/pages/pac.html, accessed 31
Dec 2009.

High Production Volume Information System (HPVIS)

DEVELOPMENTAL TOXICITY/TERATOGENICITY
TEST SUBSTANCE
Category Chemical:
Test Substance:

64741-82-8

Test Substance
Purity/Composition
and Other Test Substance
Comments:

Light Coker Gas Oil (F-199)

64741-82-8; Light Coker Gas Oil (LCGO); Light Thermal Cracked Distillate

PAC Content – report no. 65726-ZA-ZR (Mobil, 1994)
Sample
#

DMSO
1
wt.%

1ARC
2
(%)

2ARC
(%)
4.00

3ARC
(%)
10.00

4ARC
(%)
0.00

5ARC
(%)
0.00

6ARC
(%)
0.00

7ARC
(%)
0.00

091652
(F-199)
0.10
1) Percent of DMSO-extractable materials (mostly PACs), determined by
the PAC 2 method as described in API (2008).
2) ARC is “aromatic ring class”. “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
Category Chemical Result Type :

Measured

Unable to Measure or
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Estimate Justification :
METHOD
Route of Administration:

Dermal, non-occluded

Other Route of Administration:
Type of Exposure:

Developmental toxicity

Species:

Rat

Other Species:

Not applicable

Mammalian Strain:

Sprague-Dawley (Charles River, Portage, MI)

Other Strain:

Not applicable

Gender:

Females (non treated males used for mating)

Number of Animals per Dose:

25 per dose for level

Concentration:
Dose:

0, 50, 100, 250 mg/kg/day

Year Study Performed :

1993

Method/Guideline Followed:

Similar to OECD 414 (Prenatal Developmental Toxicity Study)

GLP:

yes

Exposure Period:

0, 50, 150 mg/kg/day - Gestation day (GD) 0-19
250 mg/kg/day – GD 6 through 11

Frequency of Treatment:

Once per day

Post-Exposure Period:

None

Method/Guideline
and Test Condition Remarks:

The study was designed to evaluate the developmental toxicity (embryofetal toxicity and teratogenic potential) of LCGO (F-199) administered
percutaneously to presumed pregnant rats.
Prior to the initiation of dosing with the test substance, females were
placed with untreated males (approximate 1:1 ratio). Once mating
occurred and confirmed by detection of sperm in a vaginal smear or a
copulatory plug, the individual, presumed pregnant females were randomly
assigned to four treatment groups and dosing began for that animal. The
treatment groups and time exposure periods were as follows, where
designation as GD 0 followed detection of evidence of mating:
Vehicle control (acetone) 0 mg/kg/day – 25 animals (GD 0-19)
LCGO 50 mg/kg/day – 25 animals (GD 0-19)
LCGO 100 mg/kg/day – 25 animals (GD 0-19)
LCGO 250 mg/kg/day – 25 animals (GD 6-11)
At the completion of mating, all males and those females that did not
exhibit positive evidence of mating were sacrificed.
Suspensions of F-199 were prepared daily at concentrations of 0 (vehicle,
acetone), 50, 100 and 250 mg/mL such that doses of 0, 50, 100, and 250
mg/kg/day, respectively, were administered at a volume of 1 mL/kg. The
test substance was administered to groups 2-3 on GD 0 through GD 19.
The 250.0 mg/kg/day group was dosed GD 6 through 11. Each treatment
day, animals were dosed by even application of the test substance to their
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shaved backs, using a blunt-tipped glass syringe. The test substance
dose was calculated from each rat’s most recent body weight. Rats were
fitted with Elizabethan collars to minimize ingestion of test substance.
Controls, dosed at GD 0 through 19, were handled in the same manner
but with application of the vehicle only. Elizabethan collars were applied
just prior to dosing and were removed after a 6 hour exposure period. At
the time of collar removal, any excess test article was wiped off with a
cloth dipped in acetone and dried with a clean cloth.
Upon initiation of treatment, each female was observed twice daily for
viability. Each rat was observed at least once a day throughout gestation
until sacrifice for changes in appearance, behavior, excretory function, and
general signs of ill-health or abortion. All unusual findings were noted.
Skin reactions were graded using the Draize and National Research
Council standards.
Individual body weights and food consumption were recorded daily during
presumed gestation.
All rats were sacrificed by carbon dioxide asphyxiation on day 20 of
presumed gestation, and a gross necropsy of the thoracic and abdominal
viscera was performed. The abdomen of each rat was opened, and the
intact uterus was excised and examined for pregnancy. To confirm the
pregnancy status, uteri from rats that appeared non-pregnant were
examined while transilluminated and pressed between two glass plates.
Tissues with gross lesions were preserved in neutral buffered 10%
formalin for possible future evaluation; all other maternal tissues were
discarded.
Corpora lutea in each ovary were recorded. The number and distribution of
implantations, early and late resorptions, and live and dead fetuses were
noted. An early resorption was defined as one in which organogenesis
was not grossly evident. A late resorption was defined as one in which the
occurrence of organogenesis was grossly evident. A live fetus was defined
as a term fetus that responded to mechanical stimuli. Nonresponding term
fetuses were considered to be dead. Dead fetuses and late resorptions
were differentiated by the degree of autolysis present; marked to extreme
autolysis indicated that the fetus was a late resorption.
Each fetus was removed from the uterus, placed in an individual container,
weighed, and examined for weighed and examined for sex and gross
external alterations. Live fetuses were sacrificed.
Approximately one-half of the fetuses in each litter were fixed in Bouin's
solution and examined for soft tissue alterations by using an adaptation of
Wilson's sectioning technique. The remaining fetuses in each litter were
eviscerated, cleared, stained with alizarin red, and examined for skeletal
alterations.
STATISTICAL ANALYSES: Maternal and fetal incidence data were
analyzed using the Variance Test for Homogeneity of the Binomial
Distribution. Maternal body weights, body weight changes, feed
consumption values, and litter averages for fetal body weights, percent
male fetuses, fetal ossification sites and percent fetal alterations were
analyzed using Bartlett's Test and ANOVA, when appropriate [i.e.,
Bartlett's Test was not significant (P>0.05)]. If the analysis of variance was
Page 291 of 363

Id Gas Oils

5. Toxicity

Date October 23, 2012

significant (P<0.05), Dunnett's Test was used to identify the statistical
significance of the individual groups. If the analysis of variance was not
appropriate [i.e., Bartlett's Test was significant (P<0.05)], the KruskalWallis test was used, when less than or equal to 75% ties were present.
When more than 75% ties were present, Fisher's Exact Test was used. In
cases in which the Kruskal-Wallis Test was statistically significant
(P<0.05), Dunn's Method of Multiple Comparisons was used to identify the
statistical significance of the individual groups. All other Caesareansectioning data were evaluated using the procedures described for the
Kruskal-Wallis Test.
PAC Analysis:
The percent of each ring class was conducted in a separate study and
determined by the PAC 2 method as described elsewhere. Briefly the
PAC 2 is a single analytical method that involves solvent extraction
(DMSO) and an analysis of the DMSO-extracted concentrate of PACs by
gas chromatography with an FID or MS detector. The DMSO extraction
procedure is selective for the less polar PAC species, so that highly
alkylated PACs are excluded from measurement. (API, 2008; and Mobil,
1994)
TEST RESULTS
Concentration ( LOAEL/LOAEC/NOAEL/NOAEC )*
Type

Population:

Value
Description:

Value or Lower
Concentration:

LOAEL –
Dermal

Maternal

=

100

mg/kg/day

NOAELDermal

Maternal

50

mg/kg/day

LOAEL Dermal

Offspring (F1)

NOAEL Dermal

Offspring (F1)

=

NA
Not determined
>250

Upper
Concentration:

Units:

mg/kg/day
mg/kg/day

*Determined by reviewer
Results Remarks:

The animals used in the study were between 12 and 13 weeks of age at
exposure initiation.
No deaths occurred during the conduct of this study. Skin reactions
related to percutaneous administration of the test substance occurred in
the 50, 100 and 250 mg/kg/day dose groups. Increased or significantly
increased (P<0.01) numbers of 50, 100 and 250 mg/kg/day dose group
rats had erythema, edema, atonia or desquamation (grades 1 or 2). Two
100 mg/kg/day dose group rats had exfoliation.
Vocalization occurred in 1, 15 (P<0.01) and 16 (P<0.01) rats in the 50,
100 and 250 mg/kg/day dose groups. This clinical observation was
considered an effect of the test substance because: 1) it occurred in the
groups administered the test substance; and 2) it occurred in the pilot
study at these dosages.
All other clinical observations were considered unrelated to
administration of the test substance because: 1) the incidences were not
dose-dependent; 2) the values were not significantly increased, as
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compared with the control group values; or 3) the observations
commonly occur in this strain of rat. These observations included
lacrimation, localized alopecia, chromodacryorrhea, chromorrhinorrhea,
dental problems and a lesion on the neck. Necropsy observations were
considered unrelated to administration of F-199 because they occurred
as single events. These
observations included an umbilical hernia and slight dilation of the pelvis
of the right kidney.
Although body weights did not significantly differ among the four dose
groups, the 250 mg/kg/day dose group tended to have reduced body
weights on days 9 through 19 of gestation. Maternal body weight gains
were slightly reduced in the 100 and 250 mg/kg/day dose group at
various points during gestation per the table below.
Absolute and relative feed consumption values were significantly
reduced (P<0.05 to P<0.01) in the 250 mg/kg/day
dose group on days 6 to 9 and 9 to 12 of gestation and for days 6 to 12
(the entire calculated dosing period for this group) of gestation. Relative
feed consumption values for this dose tended to be increased or were
significantly increased (P<0.01) on days 12 to 15, 15 to 18 and 19 to 20
of gestation, common rebound phenomena in these types of studies.
Absolute and relative feed consumption values were significantly
increased (P<0.01) in the 250 mg/kg/day dose group on days 0 to 3 and
3 to 6 of gestation. These increases were unrelated to the test substance
because dosing did not occur until day 6 of gestation. Doses as high as
100 mg/kg/day on days 0 through 19 of gestation did not affect absolute
or relative feed consumption values. Absolute feed consumption values
were significantly increased (P<0.01) in the 50 mg/kg/day dose group on
days 0 to 3 of gestation. This increase was unrelated to the test
substance because the value was not dose-dependent. Relative feed
consumption values were significantly reduced (P<0.05) in the 100
mg/kg/day dose group on days 3 to 6 and 6 to 9 of gestation. These
reductions also were judged to be unrelated to the test substance
because absolute feed consumption values were not significantly
reduced.
Percutaneous administration of F-199 at doses as high as 250
mg/kg/day did not affect Caesarean-sectioning or litter observations.
There were 25, 22, 25 and 24 rats pregnant and Caesarean sectioned in
the 0 (vehicle), 50, 100 and 250 mg/kg/day dose groups, respectively, on
day 20 of gestation. There were no statistically significant or biologically
important differences in the litter averages for corpora lutea,
implantations, litter sizes, live fetuses, resorptions (early and late), fetal
body weights, the percent resorbed conceptuses and sex ratios. No dam
resorbed all conceptuses, and the numbers of dams with resorptions and
viable fetuses were comparable among the four dose groups.
Fetal alterations were classified as: 1) malformations (irreversible
changes which occur at low incidences in this species and strain); or 2)
variations (relatively common developmental changes in this species and
strain, including minor reversible delays or accelerations in
development).
No gross external, soft tissue or skeletal alterations in the fetuses were
caused by percutaneous administration of F-199 at doses as high as 250
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mg/kg/day. The significant increase (P<0.01) in the fetal incidence of
dilated renal pelvis in the 100 mg/kg/day dose group was unrelated to
the test substance because the event was not
dose-dependent. The significant reductions (P<0.05) in incompletely
ossified pubes and/or ischia, and in incompletely ossified pubes in the
50 and 100 mg/kg/day dose groups, respectively, were unrelated to the
test substance because: 1) increases in variations, not reductions, are
expected effects of a developmental toxicant; and 2) the incidences were
not dose-dependent.

Summary of Selected Maternal Weight Parameters
Dose (mg/kg/day)
0
50
100
Body wt –final (gr)
418.3 422.8 413.0
GD 0-3 wt gain (gr)
15.0
15.6
13.1
GD 3-6 wt gain (gr)
12.7
12.2
10.8
GD 6-9 wt gain (gr)
15.8
15.8
13.4
GD 9-12 wt gain (gr)
18.8
19.9
19.7
GD 6-12 wt gain (gr)
34.6
35.6
33.2
GD 12-15 wt gain (gr) 23.7
25.0
23.2
GD 15-18 wt gain (gr) 43.9
41.5
40.0
GD 19-20 wt gain (gr) 19.1
18.5
19.1
GD 0-20 wt gain (gr)
165.5 163.7 152.2
a)Statistically different from control (p<0.05)
b)Statistically different from control (p<0.01)

250
416.0
14.4
14.8
5.8b
14.6b
20.4 b
26.7
45.0
22.2a
159.8

Summary of Mean Selected Reproduction and Litter Data
Dose (mg/kg/day)

0

50

Corpora lutea
18.1 18.0
Implantation sites – mean 16.1 16.4
Live fetuses – total
383 335
Live fetuses - mean
15.3 15.2
Litter size
15.3 15.2
Viable male fetuses (%)
51.5 47.2
Total resorptions (mean)
0.8
1.1
Dams with resorptions
12
13
a)Statistically different from control (p<0.05)
b)Statistically different from control (p<0.01)

100

250

19.3
16.6
392
15.7
15.7
52.2
0.9
12

18.4
16.1
374
15.6
15.6
50.0
0.5
8

Fetal Endpoints
Dose (mg/kg/day)
Fetal weights (gr)
Litters evaluated
Live fetuses - total
Dead fetuses – dead
% Resorbed conceptuses
per litter
Litters with any alteration
(N;%)c
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0
3.71
25
383
0
4.4

50
3.76
22
335
0
6.9

100
3.80
25
392
0
5.3

250
3.75
24
374
0
3.0

11(44.0)

7
(31.8)

8(32.0)

11(45.8)
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Fetuses with any alteration
13(3.4)
8(2.4) 9(2.3)
18(4.8)
(N;%)c
Fetuses with any alteration
3.70
2.32
2.19
4.72
per litter (mean %)c
a)Statistically different from control (p<0.05)
b)Statistically different from control (p<0.01)
c) See text for discussion of results.
The maternal NOAEL for dermal exposure to LCGO during GD 0-19 was
determined to be 50 mg/kg/day (LOAEL = 100 mg/kg/day based on
reduced body weight gain).

Conclusion:

NOTE: Dermal irritation occurred at all doses tested; author indicates
NOAEL of < 125 mg/kg/day based on this effect.
The developmental NOAEL for dermal exposure to LCGO was not
identified, >250 mg/kg/day; there were no effects on embryo-fetal
viability, growth or morphology at the highest dose tested. (LOAEL = not
identified).
RELIABILITY/DATA QUALITY
Reliability:

Valid Without Restrictions (KS=1)

Reliability Remarks:

Non guideline study, but with adequate detail to make NOAEL
determination.

Key Study Sponsor Indicator:

Key

REFERENCE
Reference:

ARCO. 1993. Developmental Toxicity (Embryo-Fetal Toxicity and
Teratogenic Potential) Study of F-199 Administered Percutaneously to
Crl:CD®BRK VAF/Plus® Presumed Pregnant Rats. 1993. Report ATX92-0013.
Mobil. 1994. Characterization and Quantitation of Polynuclear Aromatics.
Mobil Environmental and Health Sciences Laboratory Report no. 65726ZA-ZR.
API. 2008. PAC Analysis Task Group, “The relationship between the
aromatic ring class content and selected endpoints of repeat-dose and
developmental toxicity of high-boiling petroleum substances.”
http://www.petroleumhpv.org/pages/pac.html, accessed 31 Dec 2009

High Production Volume Information System (HPVIS)

DEVELOPMENTAL TOXICITY/TERATOGENICITY
TEST SUBSTANCE
Category Chemical:
Test Substance:

64741-82-8

Test Substance
Purity/Composition
and Other Test Substance
Comments:

Light Coker Gas Oil (CRU No 87213.)

64741-82-8; Light Coker Gas Oil (LCGO); Light Thermal Cracked Distillate

PAC (Polycyclic Aromatic Compound) Content – Report No.
64384ZN (Mobil, 1991)
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Sample
DMSO 1-ARC 2-ARC 3-ARC 4-ARC 5-ARC 6-ARC 7-ARC
1
2
#
wt.%
(%)
(%)
(%)
(%)
(%)
(%)
(%)
87213
10.50
0.11
4.20
6.30
0.32
0.00
0.00
0.00
1) Percent of DMSO-extractable materials (mostly PACs), determined by the PAC 2
method as described in API (2008).
2) ARC is “aromatic ring class”. “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.
Category Chemical Result
Type :
Unable to Measure or
Estimate Justification :

Measured

METHOD
Route of Administration:

Dermal, non-occluded

Other Route of
Administration:
Type of Exposure:

Developmental toxicity study

Species:

Rat

Other Species:

Not applicable

Mammalian Strain:

Sprague-Dawley (Charles River, Kingston, NY)

Other Strain:

Not applicable

Gender:

Females, presumed pregnant (non treated males used for mating)

Number of Animals per
Dose:
Concentration:

10 per dose, except for an additional group of 5 animals exposed at 500 mg/kg on GD
10-12 used to obtain bioavailability data

Dose:

Developmental study:
0 (remote), 0 ( proximate), 15, 60, 250, 500 mg/kg/day
Bioavailability study:
500 mg/kg/day

Year Study Performed :

1987?

Method/Guideline Followed:

Similar to OECD 414 (Prenatal Developmental Toxicity Study). Main difference was
that fewer females were used (10/group versus 20).

GLP:

No information

Exposure Period:

GD 0-19 (6 groups); GD 0-15 (1group; see explanation below) ; GD 10-12 (2
groups)

Frequency of Treatment:

Once per day

Post-Exposure Period:

None

Method/Guideline
and Test Condition
Remarks:

The study was designed to detect the effects of exposure to LCGO on parameters of
reproductive performance during gestation (implantation, litter size) and viability and
development of the embryo/fetus. An experimental group in which LCGO was
administered only on GD 10-12 was included in the study because the results of
studies conducted previously on heavier refinery streams suggested that coker gas oil
might produce fetal lethality. The study was also designed to include clinical chemistry
analyses of maternal sera, bioavailability/bioaccumulation of LCGO in maternal
tissues, placentae, and fetuses, and postnatal survival of neonates.
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Prior to the initiation of dosing with the test material, females were placed with
untreated males (approximate 1:1 ratio). Once mating occurred and confirmed by
detection of a vaginal plug (in situ or expelled), the individual, presumed pregnant
females were randomly assigned to eight treatment groups and dosing began for that
animal. The treatment groups and time exposure periods were as follows, where
designation as GD 0 followed detection of a vaginal plug, and spermatozoa in the
vaginal lavage fluid:
Prenatal Group
*Remotely-housed dermal control (0 mg/kg/day) – GD 0-19 – 10 animals
Proximately-housed dermal control (0 mg/kg/day) – GD 0-19 – 10 animals
LCGO 15 mg/kg/day – GD 0-19 – 10 animals
LCGO 60 mg/kg/day – GD 0-19 – 10 animals
LCGO 250 mg/kg/day – GD 0-15 – 10 animals**
LCGO 500 mg/kg/day – GD 10-12 – 10 animals; included as an additional group
because was anticipated that administration throughout the complete gestation period
may result in a high incidence of fetal lethality. This is a period during which fetuses
are susceptible to abnormal development.
Postnatal Group
Proximately-housed dermal control (0 mg/kg/day) – GD 0-19 - 10 animals
LCGO 60 mg/kg/day –10 animals – GD 0-19 – 10 animals
Bioavailability Group
Radiolabeled LCGO 500 mg/kg/day – GD 10-12 – 5 animals; bioavailability group
*Because inhalation of the test material could not be ruled out, a separate control
group was not housed in the same animal room (remote-housed control). Subsequent
analyses of air samples indicated that no single compound was detected above the
limit of detection of 0.2 mg/m3.
** The treatment was discontinued after day 15 because severe dermal irritation was
produced at the site of administration. Gestation day 15 was chosen because it is the
last day of treatment in a standard EPA/FDA teratology studies.
The exposure levels were based on results of a developmental study previously
conducted on similar materials, and preliminary results on the subchronic toxicity of
LCGO.
Developmental/Pre and Post-natal study (Groups 1-8):
The test material was administered to groups 2-4 and 8 on GD 0-19. Hair was clipped
from the dorsal trunk of each animal on GD 0, and once weekly during the study.
Each treatment day, animals were dosed by even application of the test material to
their shaved backs, using the tip of a syringe. The test material dose, calculated from
each rat’s most recent body weight, was measured by weight. Rats were fitted with
Elizabethan collars to minimize ingestion of test material. All control animals were
handled in the same manner, minus application of the test material. They were
clipped and collared and the intact dorsal skin of each rat was stroked with the tip of a
syringe, but no test material was applied.
Group 5 females were treated with test material as described above during GD 0-15.
This group was originally scheduled to be administered GD 0-19. However treatment
was discontinued after day 15 because of a high incidence of dermal irritation at the
test site. GD 15 is also the last day of treatment in a standard EPA/FDA teratology
studies.
Group 6 females were similarly treated but administration of test material was
restricted to a period of gestation during which fetuses are susceptible to abnormal
development (GD 10-12).
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Each rat was observed at least once a day throughout gestation until sacrifice for 1)
changes in appearance, behavior, and excretory function, and 2) signs of ill-health,
mortality, abortion and premature delivery. Dams and their litters were observed on
postpartum days 0-4 for signs of pathosis and/or death. On postpartum day, pups
were examined for external malformations and variations. Pups were observed daily
for the presence of milk in their stomachs; absence of milk was recorded. All unusual
findings were noted.
Individual body weights were recorded on days 0, 3, 6, 10, 13, 16, and 20 of
gestation. Individual food consumption was measured during the study was
calculated for GD intervals 0-3, 3-6, 6-10, 10-13, 13-16, and 16-20. Additionally, the
body weights of the postnatal group (Groups 7 and 8) were measured on postpartum
days 0 and 4, and recorded. Food consumption was not measured during the
postpartum period.
For the prenatal groups (groups 1-6) each female was sacrificed by overexposure to
ether on day 20 of its presumed gestation. Thoracic and abdominal organs were
examined, and all organs were examined grossly for evidence of pathosis. The
thymus and liver of each animal were removed, trimmed of excess tissue, weighed to
the nearest 0.001 gram, and preserved in 10% formalin. Microscopic evaluation was
performed on the thymus in the control (group 2) and 500 mg/kg/day groups. No
histopathology was completed for these tissues.
The ovaries and uterus of each rat were excised and examined grossly. Corpora
lutea in each ovary were recorded. The weight of the intact uterus was measured to
the nearest 0.1 gram and recorded. The number and distribution of implantations,
early and late resorptions, and live and dead fetuses were noted. An early resorption
was defined as one in which organogenesis was not grossly evident. A late resorption
was defined as one in which the occurrence of organogenesis was grossly evident. A
live fetus was defined as a term fetus that responded to mechanical stimuli.
Nonresponding term fetuses were considered to be dead. Dead fetuses and late
resorptions were differentiated by the degree of autolysis present; marked to extreme
autolysis indicated that the fetus was a late resorption. The uterus of each female rat
that appeared non-gravid was pressed between two glass slides
and examined grossly for evidence of implantation.
Blood samples from groups 1-6 were collected at the time of sacrifice from the aorta
of each rat and serum was analyzed for almandine aminotransferase, albumin,
alkaline phosphatase, aspartate aminotransferase, bilirubin, calcium, chloride,
cholesterol, creatinine, globulin, glucose, lactate dehydrogenase, iron, inorganic
phosphorus, potassium, sodium, sorbitol dehydrogenase, total protein, triglycerides,
urea nitrogen, and uric acid. The globulin and albumin/globulin ratios were calculated.
Each fetus was gendered, weighed and grossly examined. The following definitions
and terminology were used in describing fetal findings:
Anomaly: Any deviation (malformation or variation) from "normal.”
Malformation: A permanent structural deviation which generally is incompatible with,
or severely detrimental to, normal postnatal survival or development. Absence
structures which should have been present, as well as deviations in tail development,
are also classified as malformations.
Variation: A variation is a divergence beyond the usual range of structural constitution.
It has an indeterminate effect on health and generally has no effect on survival.
Approximately half of the fetuses were randomly assigned for examination of soft
tissues (viscera) following fixation in Bouin’s solution, using a modification of the
Wilson’s technique. The other half were fixed in 95% ethanol, differentially stained for
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cartilage and bone, cleared in glycerin and examined for skeletal abnormalities.
For the postnatal groups (group 7 & 8), female rats and their offspring were sacrificed
on postpartum day 4. Animals which did not deliver were sacrificed on GD 25.
Thoracic and abdominal organs were examined, and all organs were examined
grossly for evidence of pathosis. The uterus was excised and examined for the total
number of implantations. The thymus and liver of each animal were removed,
trimmed of excess tissue, weighed to the nearest 0.001 gram, and preserved in 10%
formalin. All pups were preserved in 95% ethanol at the time of sacrifice; no
evaluations were performed.
Bioavailability Study (Group 9)
From GD 0-9, pregnant females were housed in stainless steel cages with wire
bottoms and fronts. On GD 10, 11, and 12, the rats were housed in metabolism
cages. The LCGO used in the bioavailability study contained two radioactive
surrogates, carbon-14 radiolabeled carbazole and hydrogen-3 radiolabeled
benzo(a)pyrene (BaP). On GD 10, the hair was clipped from the dorsal trunk of each
animal and the radiolabeled test material was applied to the skin within a protective
device designed to contain the administered dose. A mesh screen was attached to
the protective device, and each rat was fitted with an Elizabethan collar. The same
procedure was repeated on GD 11 and 12, except the needle tip with the test material
was inserted through the mesh screen in order to apply the test material.
On GD 13, 24 hrs after the administration of the last LCGO dose, animals were
sacrificed and maternal blood was collected. Necropsies were performed and the
uterine contents located and examined for the number of normal and resorbed fetuses
for each dam. The individual fetal units were removed, and the amniotic fluid was
collected from the isolated placenta. The embryo was separated from the yolk sac
and rinsed with water to remove residual amniotic fluid. Placentas, embryos, amniotic
fluid and yolk sacs were pooled for each dam and the weights or volumes of the
pooled samples determined. Maternal tissues collected for radioactivity analysis
included the following: thymus, liver, heart, brain, small intestine, large intestine,
kidneys, spleen, stomach, ovaries, urinary bladder, lungs, muscle, retroperitoneal fat,
femur bone and residual carcass.
Determination of radioactivity in blood, urine and cage wash was accomplished by
measuring the amount of carbon-14 labeled carbon dioxide and H-3 labeled water
produced from direct combustion of duplicate samples. Samples were oxidized for
three minutes and the carbon dioxide and water generated from the combustion were
separated and trapped in a cocktail fluid. Carbon-14 and hydrogen-3 radioactivities
were measured. Fecal samples were homogenized, combusted and the radioactivity
measured.
The placentae, uteri, embryos, and yolk sacs were homogenized in an equivalent
volume of water, and aliquots of the homogenate were combusted. Maternal tissues
were treated in the same manner, although six tissues including the ovaries, urinary
bladder, muscle, fat, bone and residual carcass were combusted directly without
homogenization or dilution. In all cases, the trapped carbon dioxide and water were
measured for radioactivity by liquid scintillation counting. Samples of the amniotic
fluid were also combusted directly without dilution. Duplicate analyses were
performed whenever possible. The sensitivity of the radioactivity allowed for the
detection of 0.005% of the applied dose.
The systemic dermal absorption of the two radiolabeled surrogates was determined
by summing the total carbon-14 or hydrogen-3 radioactivities found in the urine,
urine/cage washings, feces and collected maternal and embryonic tissues at the end
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of 72 hours. Tissue concentrations of carbazole and benzo(a)pyrene (BaP) were
calculated based on the radioactivity found per gram or per ml. The total amount of a
radiolabeled surrogate in the tissues was calculated as a percent of the total applied
radioactive dermal dose over three days.
Statistical analysis: Data from the maternal biophase, caesarean section, and gross
fetal examinations were evaluated by ANOVA, followed by group comparisons using
Fisher’s Exact or Dunnett’s Test. Data from skeletal and visceral examination were
evaluated by ANOVA followed by group comparisons using Fisher’s Exact Test.
Thymus and liver weights were evaluated using Duncan’s multiple range test.
Statistical analyses of clinical chemistry data were performed separately on individual
serum components using SAS procedures. First the F-test was employed to do an
analysis of variance on the serum data obtained from the control and exposed groups.
Next the Student-Newman-Keul’s multiple comparison test was employed to identify
the specific group subsets within the serum data sets identified as having nonrandom
variance. Differences between control and treated groups were considered
statistically significant only if the probability of the differences being due to chance
was less than 5% (p<0.05).
PAC Analysis:
The percent of each ring class was conducted in a separate study and determined by
the PAC 2 method as described elsewhere . Briefly the PAC 2 is a single analytical
method that involves solvent extraction (DMSO) and an analysis of the DMSOextracted concentrate of PACs by gas chromatography with an FID or MS detector.
The DMSO extraction procedure is selective for the less polar PAC species, so that
highly alkylated PACs are excluded from measurement. (API, 2008; and Mobil, 1991)
TEST RESULTS
Concentration ( LOAEL/LOAEC/NOAEL/NOAEC )*
Value Description:

Value or Lower
Concentration:

LOAEL – Dermal Maternal

=

250

mg/kg/day

NOAEL- Dermal Maternal

=

60

mg/kg/day

LOAEL - Dermal Offspring (F1)

=

Not determined
>250

mg/kg/day

NOAEL - Dermal Offspring (F1)

=

250

mg/kg/day

Type

Population:

Upper
Concentration:

Units:

*Determined by reviewer
Results Remarks:

The female animals used in the study were approximately 9 weeks old at
receipt and approximately 11 weeks old at exposure initiation.
The red nasal exudate, chromodacryorrhea, and lacrimation that were
observed in control and LCGO-exposed groups are common in animals that
are collared. Also, neck lesions were observed in control and LCGO-exposed
groups in spite of the protective soft rubber tubing that lines the inner surface
of the cardboard collar. Scratches were observed on the backs of a few of the
animals at the time of the first clipping and probably occurred during mating
activity.
In general, dermal irritation ranged from moderate to severe. Erythema,
flaking, scabs, and thickening of the skin were observed at the site of
administration in all of the groups exposed to LCGO. Edema, red exudate and
clear exudate were observed in groups which were administered the test
Page 300 of 363

Id Gas Oils

5. Toxicity

Date October 23, 2012

material for 16 days or longer (Groups 3 - 5, 8). Fissuring, eschar, and
necrosis also were observed.
The mean body weight of the pregnant rats from all of the groups increased
throughout gestation, following what would be regarded as a normal curve of
weight gain. Animals exposed to 250 mg/kg/day gained significantly less
weight than either of the control groups throughout most of gestation. Animals
administered 500 mg/kg/day gained less weight during the period of exposure
to LCGO (GD 10-12) than either of the control groups. Postnatal group
animals exposed to LCGO (60 mg/kg/day) gained significantly less weight
than their respective control group; the reason for the different responses
exhibited by the prenatal and postnatal groups exposed to 60 mg/kg/day is
not known, but is probably due to normal variation, according to the author of
the report. The body weights of control and LCGO-exposed animals during
the postpartum period were comparable.
In general, animals exposed to LCGO at a dose level of 250 mg/kg/day
consumed less food than the remote control group during most of gestation;
during GD 3-16, they consumed significantly less than either of the control
groups. The animals administered 500 mg/kg/day consumed significantly less
food during the exposure period (GD 10-12) than either of the control groups.
With the exception of the thymus which appeared to be reduced in size, none
of the findings are believed to be related to treatment. Although the thymus of
animals exposed to 250 mg/kg/day weighed less than the thymus of
control animals, the difference was not statistically significant.
Summary of Selected Maternal Weight Parameters
Dose
(mg/kg/d
ay)

0
Rem
.

0
Prox
.

15

60

250

500(
GD
1012)
391.5

0
(Post
natal
Gp)
409.3

60
(Post
natal
Gp)
385.6

Body wt
–at
delivery
(gr)
GD 0-3
wt gain
(gr)
GD 3-6
wt gain
(gr)
GD 6-10
wt gain
(gr)
GD 1013 wt
gain (gr)
GD 1316 wt
gain (gr)
GD 1620 wt
gain (gr)
GD 0-20

411
.7

420.
6

394.
6

402.
9

376.9
ad

18

20

16

18

10c

16

20

18

18

16

14

15

10bc

19

16

16

25

27

22

24

20c

25

20

17

19

19

15

18

12

0bd

18

14

26

26

26

25

16bc

27

25

22

59

63

61

63

65

61

64

49b

164

171

153

163

133b

147c

163

135b
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wt gain
d
(gr)
Postpart ------um day
0
Postpart ------um day
4
Gravid
81 .1 83.2 80.8 85.2 84.9
79.5
uterus
(gr)
Carcass 330. 337. 313. 317. 292.1 312.1
(gr)/Fina 6
4
8
7
ad
l body
weight
Net wt
83.1 87.7 71.9 77 .6 47.9b 68.0c
change
d
from day
0 (g)
Thymus
0.28 0.27 0.22 0.30 0.197 0.278
weight
6
9
3
0
(g)absolute
Thymus
------weight
(g)relative
- not
reported
Liver
16.8 16.9 16.0 16.3 16.01 15.90
weight 96
81
61
67
6
2
absolute
(g)
Liver
------weight
(g)relative
– not
reported
a)Statistically different from remote control (p<0.05)
b)Statistically different from remote control (p<0.01)
c)Statistically different from proximate control (p<0.05)
d)Statistically different from proximate control (p<0.01)
e)Statistically different from matched control (p<0.05)
f) Statisically different from matched control (p<0.01)
g) = Carcass weight minus day 0 body wt

308

289

321

302

321

383

0.243

0.212

--

--

13.431
bd

12.832
bd

--

--

In general, none of the reproductive parameters evaluated appeared to be
adversely affected by LCGO exposure. All of the dams in the group exposed
to 250 mg/kg/day LCGO had at least one resorption; the biological
significance of this finding is not known.
For clinical chemistry parameters, statistical analyses were performed only
between the remote control and LCGO-exposed groups. No statistically
significant differences in serum chemistry were observed between the control
and treated animals.
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Summary of Mean Selected Reproduction Data (Groups 1-6)
Dose (mg/kg/day)

0
Rem.
16.7

0
Prox.
16.3

15

60

250

Implantation sites –
16.7 16.9
mean
Viable fetuses- total
155
142
152 142
Litter size (e)
15.6
15.8
15.2 15.8
Viable male fetuses
52
47
42
46
Resorptions (mean)
1.2
0.6
1.5
1.1
Resorptions (mean
6.8
3.7
9.3
6.8
%)
Dams with
70
44
50
44
resorptions (%)
a)Statistically different from remote control (p<0.05)
b)Statistically different from remote control (p<0.01)
c)Statistically different from proximate control (p<0.05)
d)Statistically different from proximate control (p<0.01)
e) Number of viable fetuses/number of litters evaluated.

17
.6
145
16.1
50
1.4
8.2
100

500 (GD
10-12)
16.4
145
14.5
49
0.9
5.6
50

Mean fetal body weights and crown-rump lengths, parameters of body growth
and development, were not affected by exposure to LCGO.
The anomalies observed in fetuses exposed in utero to LCGO were judged
not to be related to exposure to the test material due to their low incidence of
occurrence, and/or their occurrence in control fetuses.
Fetal Endpoints – Weight and Gross Examination (Groups 1-6)
Dose
(mg/kg/day)
Fetal weights (g)
Crown-Rump
(mm)
Litters evaluated
Fetuses - live

0
Rem.
3.4
33.2

0
Prox.
3.5
33.4

15

60

250

3.6
33.1

3.6
33.8

3.5
33.6

500 (GD 1012)
3.7a
33.6

10
155

9
142

10
152

9
142

9
145

10
145

0
1; 0.7

0
0; 0.0

1;
11.0

0; 0.0

Fetuses – dead
0
0
0
0
Gross Exam
1; 0.6
0; 0.0
0;
0;
(fetal incidence;
0.0
0.0
%)
Gross Exam
1; 10
0; 0.0
0;
0;
(litter incidence;
0.0
0.0
%)
a)Statistically different from remote control (p<0.05)
b)Statistically different from remote control (p<0.01)
c)Statistically different from proximate control (p<0.05)
d)Statistically different from proximate control (p<0.01)

Fetal Endpoints – Skeletal Malformations and Skeletal Variations (Groups 16)

Dose (mg/kg/day)
0
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Rem.

Prox.

Litters evaluated
10
9
10
9
Fetuses - live
79
73
79
74
Fetuses – dead
0
0
0
0
Total skeletal
74;
60/82a 68;
56;
anomalies (fetal
94
86
76b
incidence; %)
Total skeletal
10;
9; 100 10;
9;
anomalies litter
100
100
100
incidence; %)
a)Statistically different from remote control (p<0.05)
b)Statistically different from remote control (p<0.01)
c)Statistically different from proximate control (p<0.05)
d)Statistically different from proximate control (p<0.01)

9
766
0
71/93c

(GD 1012)
10
76
0
66; 87

9; 100

10; 100

Fetal Endpoints – Soft Tissue Anomalies (Groups 1-6)
Dose (mg/kg/day)

0
Rem.
10
76
0
6: 79

0
Prox.
9
*
*
*

30

Litters evaluated
10
Fetuses - live
*
Fetuses – dead
*
Total fetal soft tissue
*
(fetal incidence; %)*
Total fetal soft tissue (litter
3; 30
*
*
incidence; %)*
* Not evaluated; see text for explanation
a)Statistically different from remote control (p<0.05)
b)Statistically different from remote control (p<0.01)
c)Statistically different from proximate control (p<0.05)
d)Statistically different from proximate control (p<0.01)

125

500

1000

9
*
*
*

9
69
0
2:
2.9
1;
11

10
69
0
4;
5.8
1; 10

*

For the postnatal group, with the exception of the thymus which appeared to
be reduced in size, none of the findings appear to be related to treatment.
Although the thymus of animals exposed to 60 mg/kg/day weighed less than
that of control animals, the difference was not statistically significant.
Although the mean liver weights of the postnatal group animals were
significantly less than the weights of remote control group, the finding was not
unexpected since the size of the liver increases during pregnancy and then
decreases after parturition.
No treatment related differences were noted for natural delivery data and litter
data from postnatal group animals.
Observations of offspring at the time of birth and during the postpartum period
revealed no treatment related differences between the control and LCGOexposed groups. Neither pup survival, nor pup body weights were affected by
in utero exposure to LCGO.
Summary of Pup Data (Groups 7 & 8)
Dose (mg/kg/day)
Pups delivered – total
Implantation sites (mean)
Litter size- mean (total pups/litter)
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Liveborn
146
127
Stillborn
0
0
Pup weights (gr) – Day 0
6.1M / 5.9F 6.0M/ 5.7F
Pup weights (gr) – Day 4
9.8/M/ 9.5F 9.4M/ 9.1F
Live pups/litter Day 0
14.6
14.1
Live pups/litter Day 1
14.4
14.1
Live pups/litter Day 2
14.3
14.1
Live pups/litter Day 3
14.3
14.1
Live pups/litter Day 4
14.3
14.0
Pups surviving 4 days (%)
98
99
a)Statistically different from matched control (p<0.05)
b) Statisically different from matched control (p<0.01)

Conclusion:

Bioavailability/Bioaccumulation Analyses
The dermal penetration of 14-C-carbazole occurred more extensively and
rapidly than 3H- BaP absorption. In spite of the dermal bioavailability of 14Ccarbazole and 3H- BaP in the dam, the amount of radiolabel led material
found in the embryo was very low. These findings indicate that exceedingly
low levels of 14C-carbazole- and 3H-Bap-derived materials reach the embryo
with the percentage of the radioactive dose found in the embryo low
compared to that found in maternal tissues. The placenta appears to be an
effective barrier against the transport of carbazole and BaP to the embryo.
There is no evidence the 14C-carbazole or 3H- BaP accumulates selectively
in the embryo.
Determined by reviewer:
The maternal NOAEL for dermal exposure to LCGO for GD 0-19 was
determined to be 60 mg/kg/day (LOAEL= 250 mg/kg/day based on
decreased body weight; decreased body weight gains; and decreased food
consumption)
Note: the animals experienced dermal irritation at all dose levels (NOAEL < 15
mg/kg/day for dermal irritation)
The developmental NOAEL for dermal exposure for GD 0-19 was determined
to be 250 mg/kg/day (LOAEL = not determined, > 250 mg/kg/day); there were
no effects observed at the highest dose tested.

RELIABILITY/DATA QUALITY
Reliability:

Valid Without Restrictions (KS=1)

Reliability Remarks:

Comparable to guideline study

Key Study Sponsor Indicator:

Key

REFERENCE
Reference:

Mobil. 1989. Developmental Toxicity Study in Rats Exposed Dermally to
Light Coker Gas Oil. Mobil Environmental and Health Sciences Laboratory
Report 61998.
Mobil. 1991. Characterization and Quantitation of Polynuclear Aromatics in
Light Coker Gas Oil. Mobil Environmental and Health Sciences Laboratory
Report No. 64384ZN.
API. 2008. PAC Analysis Task Group, “The relationship between the aromatic
ring class content and selected endpoints of repeat-dose and developmental
toxicity of high-boiling petroleum substances.”
http://www.petroleumhpv.org/pages/pac.html, accessed 31 Dec 2009.
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High Production Volume Information System (HPVIS)

DEVELOPMENTAL TOXICITY/TERATOGENICITY
TEST SUBSTANCE
Category
Chemical:
Test
Substance:
Test
Substance
Purity/Compos
ition
and Other
Test
Substance
Comments:

Category
Chemical
Result Type :
Unable to
Measure or
Estimate
Justification :

64741-82-8
64741-82-8; Light Coker Gas Oil (LCGO); Light Thermal Cracked Distillate
Light Coker Gas Oil (F-199)
PAC Content – report no. 65726-ZA-ZR (Mobil, 1994)
Sample
DMSO 1-ARC 2-ARC 3-ARC 4-ARC 5-ARC 6-ARC 7-ARC
1
2
#
wt.%
(%)
(%)
(%)
(%)
(%)
(%)
(%)
091652
0.10
4.00
10.00
0.00
0.00
0.00
0.00
(F-199)
1) Percent of DMSO-extractable materials (mostly PACs), determined by the PAC 2 method as
described in API (2008).
2) ARC is “aromatic ring class”. “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.
Measured

METHOD
Route of
Administration
:
Other Route of
Administration
:
Type of
Exposure:
Species:

Dermal, non-occluded

Developmental toxicity
Rat

Other
Species:
Mammalian
Strain:
Other Strain:

Not applicable

Gender:

Females (non treated males used for mating)

Number of
Animals per
Dose:

15 per dose level of LCGO
20 per dose for sham control

Sprague-Dawley (Charles River, Kingston, NY)
Not applicable
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Concentration:
Dose:
Year Study
Performed :
Method/Guidel
ine Followed:
GLP:
Exposure
Period:
Frequency of
Treatment:
Post-Exposure
Period:
Method/Guidel
ine
and Test
Condition
Remarks:

0, 1, 250, 1000 mg/kg/day
1994
Other
Yes
Gestation day (GD) -7 to 20 (see exceptions below)
Once per day
None
The study was designed to determine the developmental toxicity of LCGO (F-199) following dermal
administration to female rats daily for one week prior to mating through day 20 of gestation.
Females were randomly assigned to four treatment groups and dosing began one week prior to the
start of mating (GD -7) and throughout mating. Males were not treated. Mating was confirmed by
detection of sperm in a vaginal smear or a copulatory plug. Females that exhibited positive signs of
mating (GD 0) also received the test article through the indicated gestation days. The treatment
groups and time exposure periods were as follows:
*Sham control (0 mg/kg/day) – 20 animals; GD -7 to 20
LCGO 1 mg/kg/day – 15 animals; GD -7 to 20
LCGO 250 mg/kg/day – 15 animals; GD -7 through 8 to 11
**LCGO 1000 mg/kg/day – 15 animals; GD -7 through -4
*Shared with study number ATX-91-0133
** This group not dosed after the fourth day of mating and sacrificed the following day
At the completion of mating, all males and those females that did not exhibit positive evidence of
mating were sacrificed.
The test material was administered to groups 1 and 2 on GD -7 through GD 20. The test article
was applied to previously clipped, intact dermal sites on the backs of female animals. Elizabethan
collars were applied just prior to dosing and were removed no sooner than 6 hours later. At the
time of collar removal, any excess test article was wiped from the application site. With the
exception of test article application, control animals underwent the same procedure as the other
treatment groups. The 250 mg/kg/day group was dosed through GD 8 to 11 and the 1000
mg/kg/day group was discontinued after mating day 4 (GD-4). The dose administered was based
upon the day -7 body weight for the premating period and the GD 0 body weight for the gestation
period.
Upon initiation of treatment, each female was observed twice daily for viability. Each rat was
observed at least once a day throughout gestation until sacrifice for changes in appearance,
behavior, excretory function, and general signs of ill-health or abortion. All unusual findings were
noted.
Individual body weights were recorded at receipt, near the end of the quarantine period, on days -7
and -1 (premating period), on days 0, 4, 8, 12, 16, and 20 of gestation, and on days 0 and 4 of
lactation. Individual food consumption was measured for days -7 to -1 (premating); for GD intervals
0-4, 4-8, 8-12, 12-16, and 16-20; and for days 0-4 of lactation (postnatal period).
Each litter was observed daily during lactation day 0 (day of parturition) through 4 for signs of
toxicity and mortality. On lactation days 0 and 4, the weight and sex of each live pup was recorded.
All surviving females in the 1000 mg/kg dose group were sacrificed with carbon dioxide and
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necropsied on the fifth day of mating. For the other dose groups, each female that mated was
sacrificed by overexposure to carbon dioxide and necropsied. Females that delivered a litter were
necropsied on day 4 of lactation and those that did not deliver a litter were necropsied on presumed
GD 25.
The necropsy included a gross examination of the external body surfaces, orifices, and the cervical,
thoracic and abdominal viscera. The ovaries were examined and the number of corpora lutea was
determined for each female that delivered. The number of implantation sites was recorded for all
females, including those that appeared non-gravid. Dead pups were removed, examined externally
and discarded. On lactation days 0 and 4, the sex and weight of each pup were recorded. On day
4 of lactation, all surviving pups were examined externally, sacrificed with carbon dioxide, and
discarded.
STATISTICAL ANALYSES: Data for female body weight and food consumption were evaluated by
ANOVA. First, Bartlett's test was performed to determine if the dose groups had equal variance at
the 1percent level of significance. If the variances were equal, the testing was done using
parametric methods; otherwise, nonparametric techniques were used. For the parametric
procedures, a standard one way ANOVA using the F distribution to assess significance was used. If
significant differences among the means were indicated, Dunnett's test was used to determine
which treatment groups differed significantly from control. In addition to the ANOVA, a standard
regression analysis for linear response in the dose groups was performed. The regression also
tested for linear lack of fit in the model.
For the nonparametric procedures: the test of equality of means was performed using the KruskalWallis test. If significant differences among the means were indicated, Dunn's Summed Rank test
was used to determine which treatment groups differed significantly from control. In addition to the
Kruskal-Wallis test, Jonckheere's test for monotonic trend in the dose response was performed.
The test for equal variance (Bartlett) was conducted at the 1% level of significance. All other tests
were conducted at the 5% and 1% level of significance.
For reproductive and litter data, i.e., the number of implantation sites, gestation length, total number
of pups per litter and number of live pups per litter, normal probability plots of the residuals and
plots of residuals by treatment group were used to judge whether or not departure from the
assumptions of normality and homogeneous variance were sufficient to invalidate the usual
ANOVA analysis. If the usual analysis was invalid, a "weighted" General Linear Model (GLM)
analysis was used, where the weights were proportional to the reciprocal of the variance. If the
usual analysis was valid, the data were analyzed with a non-weighted GLM. All proportions (dead
pups at lactation day 0, pup alterations at lactation day 0, male pups at days 0 and 4, survival of
pups at lactation day 4) were analyzed by the “weighted" GLM, with litter size as the “weights" and
as a covariate in the model. The assumption was made that these weights were proportional to the
reciprocal of the variances. For all proportions and mean pup weight data, values were first derived
within the litter, and group mean values were derived as a mean of the individual litter mean values.
PAC Analysis:
The percent of each ring class was conducted in a separate study and determined by the PAC 2
method as described elsewhere. Briefly the PAC 2 is a single analytical method that involves
solvent extraction (DMSO) and an analysis of the DMSO-extracted concentrate of PACs by gas
chromatography with an FID or MS detector. The DMSO extraction procedure is selective for the
less polar PAC species, so that highly alkylated PACs are excluded from measurement. (API,
2008; and Mobil, 1994)
TEST RESULTS
Concentration ( LOAEL/LOAEC/NOAEL/NOAEC )
Type

Population:

LOAEL – Dermal Maternal

Value Description:

Value or Lower
Concentration:
Not determined;
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dosing period not
same throughout
study
NOAEL- Dermal Maternal

=

LOAEL - Dermal Offspring (F1)
NOAEL - Dermal Offspring (F1)

Results Remarks:

=

1

mg/kg/day

Not determined;
dosing period not
same throughout
study

mg/kg/day

1

mg/kg/day

The animals used in the study were between 12 and 13 weeks of age at
exposure initiation.
One female in the 1000 mg/kg/day dose group was found dead after the first
night of mating. There were no other mortalities during the study.
Slight to moderate erythema, edema and dry skin and light eschar were
observed at the test site in the 1 mg/kg/day dose group. Slight to extreme
erythema, edema, eschar, and dry skin were observed at site of administration
in the 250 mg/kg/day group. Discharge at the test site and slight fissuring were
also noted. Dosing was stopped between GD 8-11 and discontinued thereafter.
Similar dermal irritation occurred at the 1000 mg/kg/day dose level, and slight to
moderate fissuring at the test site was also noted. On the sixth day of dosing
the irritation had spread beyond the original application site, and was
discontinued after the fourth day of mating. Animals were sacrificed due to the
extreme dermal irritation.
Prior to its death, a 1000 mg/kg/day female was wheezing and cold to the
touch. Lethargy was noted for three females in this dose group. Ocular and
nasal discharge as well as stained coat in the perineal/abdominallinguinal
regions occurred at a higher incidence in the 1000 mg/kg/day group. All of the
other clinical observations noted were considered to be incidental and not
related to treatment with the test article.
There were no effects on body weights or body weight changes at a dose of 1
mg/kg/day. Mean body weights and body weight gains were significantly
decreased in the 250 mg/kg/day group at various points in the study. Body
weights and body weight gains of females dosed at 1000 mg/kg/day were
significantly lower (p<0.01) than those of the controls during the premating
period.
Effects on absolute or relative food consumption were apparent in both the 250
and 1000 mg/kg/day groups.
Absolute food consumption for females in the 250 mg/kg/day dose group was
significantly lower (p<0.05) than that of the controls during days -7 to -1 of the
premating period. In the 250 mg/kg/day dose group absolute food comsumption
was significantly lower p<0.01) during GD 4 to 8. Relative food consumption in
this dose group was significantly higher than that of the controls during GD 8 to
12 (p<0.01), 12 to 16 (p<0.01), and 16 to 20 (p<0.01) and during lactation days
0 to 4 (p<0.05). The increase in absolute food consumption beginning on GD 8,
along with a slower recovery in body weight, resulted in higher relative food
consumption after dosing was discontinued. Absolute and relative food
consumption for females in the 1000 mg/kg/day dose group were significantly
lower (p<0.01) than that of the controls during days -7 to -1 of the premating
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period.
Necropsy evaluations indicate that dermal irritation related to administration of
the test article was noted for females in all groups administered test article.
Decreased thymus size (no thymus weight data) was also noted for eight of
fourteen females in the 1000 mg/kg/day dose group. There were no other
necropsy findings that were considered to be related to the test article.
The number of live pups (but not total pups) on lactation day 0 was significantly
lower (p<0.05) than that of the controls for females dosed at 1 mg/kg. Although
this difference is statistically significant, it is not considered to be biologically
relevant since the mean control value of 15.2 appears to be abnormally high in
comparison to historical sham control data collected from this laboratory
(approximately 14). The number of implantation sites for females in the 250
mg/kg/day dose group was significantly lower (p<0.01) than that of the control
group, suggesting increased pre-implantation loss at this dose. For females
dosed at 250 mg/kg/day, the number of total and live pups on lactation day 0
were also significantly lower (p<0.01) than that of the controls. No resorptions
were reported.
For the 1 and 250 mg/kg/day dose groups, there were no significant differences
in gestation length, external pup alterations, proportion of pups surviving to
lactation day 4, or the proportion of males on lactation days 0 and 4.
Summary of Selected Maternal Weight Parameters
Dose (mg/kg/day)
0
Body wt day -7
251.2
Body wt day -1
257.4
Body wt –final (g)
415.3
Body wt – lactation day 0
307.8
Body wt – lactation day 4
325.7
Premating day -7 to -1 wt gain (g) 6.2
GD 0-4 wt gain (g)
26.0
GD 4-8 wt gain (g)
14.0
GD 8-12 wt gain (g)
21.7
GD 12-16 wt gain (g)
27.8
GD 16-20 wt gain (g)
66.8
Lactation day 0-4 wt gain (g)
17.8
a)Statistically different from control (p<0.05)
b)Statistically different from control (p<0.01)
c) dosing stopped between this period

1
251.1
256.0
405.7
304.2
316.6
4.9
25.3
13.2
17.9
28.1
63.2
14.1

250
151.1
242.9b
379.1b
292.5
311.8
-8.2a
14.8b
5.9b
18.0c
27.9
64.7
19.3

Summary of Mean Selected Reproduction and Litter Data
Dose (mg/kg/day)
0
1
250
1000
Number of dams pregnant
18
13
13
-Dams with resorptions
0
0
0
-Implantation sites-mean
16.8 15.7
14.4b -Number of litters with live pups 18
12
12
-Total pups/litter (day 0)
15.6 14.3
13.1b -Live pups/litter (day 0)
15.2 13.6a 12.8b -Pup weights (g) – mean, day 0 6.58 6.39
6.43
-Pup weights (g) – mean, day 4 9.75 9.07
9.35
(c)
a)Statistically different from control (p<0.05)
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b)Statistically different from control (p<0.01)
c)Only one female delivered; no pups survived to lactation day 4
Given the design of the study and the results observed, it was not possible to
determine if the effects observed were a result of an effect on the dam and the
ability to produce and carry a conceptus, or a direct effect on the embryo/fetus.
The maternal NOAEL for dermal exposure to LCGO was determined to be 1
mg/kg/day (signs of toxicity at the 250 mg/kg/day dose included decreased
body weight, body weight changes, and food consumption; NOTE: exposure to
test material at this dose level was discontinued after GD 7)

Conclusion:

The developmental NOAEL for dermal exposure to LCGO during GD -7 to 20
was determined to be 1 mg/kg/day (signs of toxicity at the 250 mg/kg/day dose
included a decreased number of implantation sites and a decrease in total and
live pup numbers on day 0; NOTE: exposure to test material at this dose level
was discontinued after GD 7)
RELIABILITY/DATA QUALITY
Reliability:

Valid Without Restrictions (KS=1)

Reliability Remarks:

Non guideline study, but with adequate detail to make NOAEL determination.

Key Study Sponsor Indicator:

Key

REFERENCE
Reference:

ARCO. 1994. A Developmental Toxicity Screen in Female Sprague-Dawley
Rats Administered F-199 Dermally During Gestation Days -7 to 20. 1994.
Report ATX-91-0133.
Mobil. 1994. Characterization and Quantitation of Polynuclear Aromatics. Mobil
Environmental and Health Sciences Laboratory Report no. 65726-ZA-ZR.
API. 2008. PAC Analysis Task Group, “The relationship between the aromatic
ring class content and selected endpoints of repeat-dose and developmental
toxicity of high-boiling petroleum substances.”
http://www.petroleumhpv.org/pages/pac.html, accessed 31 Dec 2009

High Production Volume Information System (HPVIS)

DEVELOPMENTAL TOXICITY/TERATOGENICITY
TEST SUBSTANCE
Category
Chemical:
Test
Substance:
Test
Substance

64741-82-8
64741-82-8; Light Coker Gas Oil (LCGO)
Light Coker Gas Oil (F-277)
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Purity/Compos
ition
and Other
Test
Substance
Comments:

Category
Chemical
Result Type :
Unable to
Measure or
Estimate
Justification :

PAC Content – report no. 66149 (Mobil, 1994)
Sample
DMSO 1-ARC 2-ARC 3-ARC 4-ARC 5-ARC 6-ARC 7-ARC
1
2
#
wt.%
(%)
(%)
(%)
(%)
(%)
(%)
(%)
094628
7.00
4.00
0.00
0.00
0.00
0.00
0.00
(F-277)
1) Percent of DMSO-extractable materials (mostly PACs), determined by the PAC 2 method as
described in API (2008).
2) ARC is “aromatic ring class”. “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.
Measured

METHOD
Route of
Administration
:
Other Route of
Administration
:
Type of
Exposure:
Species:

Dermal, non-occluded

Developmental toxicity
Rat

Other
Species:
Mammalian
Strain:
Other Strain:

Not applicable

Gender:

Females (non treated males used for mating)

Number of
Animals per
Dose:
Concentration:
Dose:
Year Study
Performed :
Method/Guidel
ine Followed:
GLP:
Exposure
Period:
Frequency of
Treatment:
Post-Exposure
Period:

Sprague-Dawley (Charles River, Wilmington, MA)
Not applicable

12 at 1, 50, or 250 mg/kg dose level of test material
15 per dose for sham control

0, 1, 50, 250 mg/kg/day
1994
Other
No information
Gestation Day (GD) -7 to 20
Once per day
None
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Method/Guidel
ine
and Test
Condition
Remarks:

The study was designed to determine the developmental toxicity of LCGO (F-277) following dermal
administration to female rats daily for days -7 through day 20 of gestation.
Females were randomly assigned to four treatment groups and dosing began one week prior to the
start of mating (GD -7) and throughout mating. Males were not treated. Mating was confirmed by
detection of sperm in a vaginal smear or a copulatory plug. Females that exhibited positive signs of
mating (GD 0) also received the test article through presumed GD 20. The treatment groups and
time exposure periods were as follows:
Sham control 0 mg/kg/day – 15 animals
LCGO 1 mg/kg/day – 12 animals
LCGO 50 mg/kg/day – 12 animals
LCGO 250.mg/kg/day – 12 animals
At the completion of mating, all males and those females that did not exhibit positive evidence of
mating were sacrificed.
The test material was administered to groups 2-4 on GD -7 through GD 20. The test article was
applied to previously clipped, intact dermal sites on the backs of female animals. Elizabethan
collars were applied just prior to dosing and were removed no sooner than 6 hours later. At the
time of collar removal, any excess test article was wiped from the application site. With the
exception of test article application, control animals underwent the same procedure as the other
treatment groups. The dose administered was based upon the day -7 body weight for the premating period and the GD 0 body weight for the gestation period.
The animals used in the study were between 12 and 13 weeks of age at exposure initiation.
Upon initiation of treatment, each female was observed twice daily for viability. Each rat was
observed at least once a day throughout gestation until sacrifice for changes in appearance,
behavior, excretory function, and general signs of ill-health or abortion. All unusual findings were
noted.
Individual body weights were recorded at receipt, near the end of the quarantine period, on days -7
and -1 (premating period), on days 0, 4, 8, 12, 16, and 20 of gestation, and on days 0 and 4 of
lactation. Individual food consumption was measured for days -7 to -1 (premating); for GD intervals
0-4, 4-8, 8-12, 12-16, and 16-20; and for days 0-4 of lactation (postnatal period).
Each litter was observed daily during lactation day 0 (day of parturition) through 4 for signs of
toxicity and mortality. On lactation days 0 and 4, the weight and sex of each live pup was recorded.
Each female that mated was sacrificed by overexposure to carbon dioxide and necropsied.
Females that delivered a litter were necropsied on day 4 of lactation and those that did not deliver a
litter were necropsied on presumed GD 25.
The necropsy included a gross examination of the external body surfaces, orifices, and the cervical,
thoracic and abdominal viscera. The ovaries were examined and the number of corpora lutea was
determined for each female that delivered. The number of implantation sites was recorded for all
females, including those that appeared non-gravid. Dead pups were removed, examined externally
and discarded. On lactation days 0 and 4, the sex and weight of each pup were recorded. On day
4 of lactation, all surviving pups were examined externally, sacrificed with carbon dioxide, and
discarded.
STATISTICAL ANALYSES: Data for female body weight and food consumption were evaluated by
ANOVA. First, Bartlett's test was performed to determine if the dose groups had equal variance at
the 1percent level of significance. If the variances were equal, the testing was done using
parametric methods; otherwise, nonparametric techniques were used. For the parametric
procedures, a standard one way ANOVA using the F distribution to assess significance was used. If
Page 313 of 363

Id Gas Oils

5. Toxicity

Date October 23, 2012

significant differences among the means were indicated, Dunnett's test was used to determine
which treatment groups differed significantly from control. In addition to the ANOVA, a standard
regression analysis for linear response in the dose groups was performed. The regression also
tested for linear lack of fit in the model.
For the nonparametric procedures: the test of equality of means was performed using the KruskalWallis test. If significant differences among the means were indicated, Dunn's Summed Rank test
was used to determine which treatment groups differed significantly from control. In addition to the
Kruskal-Wallis test, Jonckheere's test for monotonic trend in the dose response was performed.
The test for equal variance (Bartlett) was conducted at the 1% level of significance. All other tests
were conducted at the 5% and 1% level of significance.
For reproductive and litter data, i.e., the number of implantation sites, gestation length, total number
of pups per litter and number of live pups per litter, normal probability plots of the residuals and
plots of residuals by treatment group were used to judge whether or not departure from the
assumptions of normality and homogeneous variance were sufficient to invalidate the usual
ANOVA analysis. If the usual analysis was invalid, a "weighted" General Linear Model (GLM)
analysis was used, where the weights were proportional to the reciprocal of the variance. If the
usual analysis was valid, the data were analyzed with a non-weighted GLM. All proportions (dead
pups at lactation day 0, pup alterations at lactation day 0, male pups at days 0 and 4, survival of
pups at lactation day 4) were analyzed by the “weighted" GLM, with litter size as the “weights" and
as a covariate in the model. The assumption was made that these weights were proportional to the
reciprocal of the variances. For all proportions and mean pup weight data, values were first derived
within the litter, and group mean values were derived as a mean of the individual litter mean values.
PAC Analysis:
The percent of each ring class was conducted in a separate study and determined by the PAC 2
method as described elsewhere. Briefly the PAC 2 is a single analytical method that involves
solvent extraction (DMSO) and an analysis of the DMSO-extracted concentrate of PACs by gas
chromatography with an FID or MS detector. The DMSO extraction procedure is selective for the
less polar PAC species, so that highly alkylated PACs are excluded from measurement. (API,
2008; and Mobil, 1994)
TEST RESULTS
Concentration ( LOAEL/LOAEC/NOAEL/NOAEC )
Value Description:

Value or Lower
Concentration:

LOAEL – Dermal Maternal

=

50

mg/kg/day

NOAEL- Dermal Maternal

=

1

mg/kg/day

LOAEL - Dermal Offspring (F1)

=

250

mg/kg/day

NOAEL - Dermal Offspring (F1)

=

50

mg/kg/day

Type

Results Remarks:

Population:

Upper
Concentration:

Units:

There was no mortality observed during the study period.
Dermal irritation related to administration of the test article was noted beginning
on Premating Day -5 and continuing throughout the duration of the study in the
1 mg/kg dose group. Slight to moderate (primarily slight) erythema, edema and
eschar were observed at the test site. Slight dry skin was also observed at the
test site. On GD 0 a wet, red material was noted on the vagina of one female
and a wet, clear material on the vagina of a second female in the 1 mg/kg dose
group. These observations are considered not to be treatment related since
they were only observed one day during treatment.
Dermal irritation related to administration of the test article was noted beginning
Page 314 of 363

Id Gas Oils

5. Toxicity

Date October 23, 2012

on Premating Day -6 and continuing throughout the duration of the study in the
50 mg/kg dose group. Slight to moderate (primarily moderate) erythema, edema
and dry skin were observed at the test site. Slight to moderate (primarily
moderate) eschar was also observed at the test site. Dermal irritation unrelated
to treatment with the test article, consisting of slight eschar on the right flank,
was observed in one animal of the 50 mg/kg dose group. On GD 0 a wet, white
material was noted on the vagina of one female in the 50 mg/kg dose group.
Dermal irritation related to administration of the test article was noted beginning
on Premating Day -6 and continuing throughout the duration of the study in the
250 mg/kg dose group. Slight to severe erythema (primarily severe), dry skin
(primarily moderate and severe), edema (primarily moderate) and eschar
(primarily moderate) were observed at the test site. Ulceration at the test site
was also noted in one female in the 250 mg/kg dose group.
Scratches on the back were observed in several rats within each of the treated
and control groups. The scratches were observed within the first four days of
gestation and are considered to be a result of aggressive behavior exhibited
during mating.
There were no significant differences observed in body weight and body weight
change when the 1 and 50 mg/kg dose groups were compared to the sham
control group. Body weights of pregnant females dosed at 250 mg/kg were
significantly lower (p<0.01) than those of the controls on Day -1 of the
premating period. Body weights of pregnant females in the 250 mg/kg dose
group were significantly lower than those of the control group on GDs
0 (p<0.01), 4 (p<0.01), 8 (p<0.01), 12 (p<0.01), 16 (p<0.01), and 20 (p<0.01)
and on Lactation Day 4 (p<0.05). Body weight changes for females dosed at
250 mg/kg were significantly lower (p<0.01) than those of controls for
Premating Days -7 to -1 and GDs 0 to 4. Body weight changes for females
dosed at 250 mg/kg were significantly higher (p<0.01) than those of controls for
Lactation Days 0 to 4. The differences between mean body weights of the sham
control and the 250 mg/kg dose groups are considered to be treatment related
since it is consistently observed throughout the treatment period. The
differences between mean body weight changes are considered to be treatment
related at a dose of 250 mg/kg. Although body weight change was not observed
to be statistically decreased throughout the treatment period, a trend of
decreased weight change in the 250 mg/kg dose group was observed at every
measurement period.
There were no significant differences observed in absolute or relative food
consumption when the 1 mg/kg dose group was compared to the sham control
group. Absolute food consumption for females in the 50 mg/kg dose group was
significantly higher than that of the controls during GDs 0 to 4 (p<0.05), 4 to 8
(p<0.05), 8 to 12 (p<0.05), 12 to 16 (p<0.05) and 16 to 20 (p<0.01). Relative
food consumption for pregnant females in the 50 mg/kg dose group was
significantly higher than that of the controls during GDs 0 to 4 (p<0.05), 8 to 12
(p<0.05), 12 to 16 (p<0.05) and 16 to 20 (p<0.01). Absolute food consumption
for females in the 250 mg/kg dose group was significantly lower (p<0.05) than
that of the controls during Days -7 to -1 of the premating period. Absolute food
consumption for pregnant females in the 250 mg/kg dose group was
significantly higher (p<0.01) than that of the controls during Lactation Days 0 to
4. Relative food consumption for pregnant females in the 250 mg/kg dose group
was significantly higher (p<0.01) than that of the controls during GDs 8 to 12,
12 to 16, 16 to 20 and Lactation Days 0 to 4. The decrease in absolute food
consumption for females in the 250 mg/kg dose group during Premating Days Page 315 of 363

Id Gas Oils

5. Toxicity

Date October 23, 2012

7 to -1 is considered to be treatment related since it corresponds with the
decrease in body weight observed during the same time period in this group.
The increase in absolute and relative food consumption in females of the 50
and 250 mg/kg dose groups is considered to be treatment related since the
difference between control and treatment values for these parameters
increases over the study period and is observed over several consecutive
measurement periods. Additionally, there appears to be a correlation between
dose and relative food consumption.
Dermal irritation related to administration of test article was noted in eight of the
females in the 1 mg/kg dose group and in all of the females in the 50 mg/kg and
250 mg/kg dose groups.
The findings of a clear fluid sac surrounding the right ovary of one female of the
sham control group and a yellow line across the left lobe of the liver in one
female of the 1 mg/kg dose group are considered to be incidental in nature and
not treatment related. The findings of enlarged axillary and cervical lymph
nodes are also considered to be incidental in nature and not related to
treatment since they were only observed in one female of the 50 mg/kg dose
group.
Average pup body weights for the 250 mg/kg dose group were significantly
lower than those of the control group on Lactation Days 0 (p<0.05) and 4
(p<0.01). There were no statistically significant differences observed in any of
the other parameters evaluated when the F-277 treated groups were compared
to the sham control group.
The following pup observations of cold to touch, dry skin, hematoma, edema
and eschar occurred sporadically are considered to be incidental in nature.
Summary of Selected Maternal Weight Parameters
Dose (mg/kg/day)
0
Body wt day -7
215.4
Body wt day -1
221.6
Body wt –final (g)
401.0
Body wt – lactation day 0
304.4
Body wt – lactation day 4
320.9
Premating day -7 to -1 wt gain (g) 6.2
GD 0-4 wt gain (g)
31.5
GD 4-8 wt gain (g)
15.8
GD 8-12 wt gain (g)
24.8
GD 12-16 wt gain (g)
33.0
GD 16-20 wt gain (g)
58.5
Lactation day 0-4 wt gain (g)
16.5
a)Statistically different from control (p<0.05)
b)Statistically different from control (p<0.01)

1
209.7
219.7
401.6
302.9
321.0
10.0
28.8
19.1
23.3
33.5
61.6
18.1

50
212.8
219.9
413.2
308.7
326.8
7.2
31.9
16.7
26.0
35.7
64.1
16.9

250
214.4
207.4b
362.6b
273.1b
302.4a
-7.0b
21.6b
11.8
19.9
28.8
54.2
29.3a

Summary of Mean Selected Reproduction and Litter Data
Dose (mg/kg/day)
Number of dams pregnant
Dams with resorptions
Implantation sites - Mean
Number of litters with live pups (number of
females that delivered)
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0
13
0
16.4
12

1
11
0
16.2
11

50
12
0
17.3
12

250
12
0
15.9
12

Id Gas Oils

5. Toxicity

Date October 23, 2012

Total pups/litter (day 0)
Live pups/litter (day 0)
Proportion surviving to day 4 (%)
Pup weights (g) – mean, day 0
Pup weights (g) – mean, day 4
a)Statistically different from control (p<0.05)
b)Statistically different from control (p<0.01)

16.1
15.7
97
6.68
10.67

14.5
14.3
97
6.39
10.19

16.2
15.8
95
6.39
10.01

14.9
14.5
94
6.04a
8.84b

Given the design of the study and the results observed, it was not possible to
determine if the effects observed were a result of an effect on the dam and the
ability to produce and carry a conceptus, or a direct effect on the embryo/fetus.
The systemic maternal NOAEL for dermal exposure to LCGO during GD –7 to
20 was determined to be 1 mg/kg/day (LOAEL= 50 mg/kg/day based on
decreased absolute and relative food consumption).

Conclusion:

Note the dermal NOAEL was determined to be < 1 mg/kg since dermal
irritation occurred at all dose levels.
The developmental NOAEL for dermal exposure to LCGO during GD -7 to 20
was determined to be 50 mg/kg/day. (The LOAEL = 250 mg/kg/day based on
decreased pup body weight on Lactation Days 0 and 4).
RELIABILITY/DATA QUALITY
Reliability:

Valid Without Restrictions (KS=1)

Reliability Remarks:

Non guideline study, but with adequate detail to make NOAEL determination.

Key Study Sponsor Indicator:

Key

REFERENCE
Reference:

ARCO. 1994. A Developmental Toxicity Screen in Female Rats Administered
F-277 Dermally During GD -7 to 20. 1994. Report ATX-93-0075.
Mobil. 1994. Characterization and Quantitation of Polynuclear Aromatics (PNA),
Sulfur-PNA, Total and Basic Nitrogen in Various Refinery Streams. Mobil
Environmental and Health Sciences Laboratory Report no. 66149.
API. 2008. PAC Analysis Task Group, “The relationship between the aromatic
ring class content and selected endpoints of repeat-dose and developmental
toxicity of high-boiling petroleum substances.”
http://www.petroleumhpv.org/pages/pac.html, accessed 31 Dec 2009

High Production Volume Information System (HPVIS)

DEVELOPMENTAL TOXICITY/TERATOGENICITY
TEST SUBSTANCE
Category
Chemical:
Test
Substance:
Test
Substance

64741-86-2
64741-86-2; DHDS Stove Oil (SO)
Stove Oil (F-233)
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Purity/Compos
ition
and Other
Test
Substance
Comments:

Category
Chemical
Result Type :
Unable to
Measure or
Estimate
Justification :

PAC Content – report no. 66149 (Mobil, 1994)
Sample
DMSO 1-ARC 2-ARC 3-ARC 4-ARC 5-ARC 6-ARC 7-ARC
1
2
#
wt.%
(%)
(%)
(%)
(%)
(%)
(%)
(%)
094629
3.00
0.00
0.00
0.00
0.00
0.00
0.00
(F-233)
1) Percent of DMSO-extractable materials (mostly PACs), determined by the PAC 2 method as
described in API (2008).
2) ARC is “aromatic ring class”. “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.
Measured

METHOD
Route of
Administration
:
Other Route of
Administration
:
Type of
Exposure:
Species:

Dermal, non-occluded

Developmental toxicity
Rat

Other
Species:
Mammalian
Strain:
Other Strain:

Not applicable

Gender:

Females (non treated males used for mating)

Number of
Animals per
Dose:
Concentration:
Dose:
Year Study
Performed :
Method/Guidel
ine Followed:
GLP:
Exposure
Period:
Frequency of
Treatment:
Post-Exposure
Period:

Sprague-Dawley (Charles River, Wilmington, MA)
Not applicable

12 at 100, 500, or 1000 mg/kg dose level of test material
15 per dose for sham control

0, 100, 500, 1000 mg/kg/day
1994
Other
No information
Gestation Day (GD) 0 to 20
Once per day
None
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Method/Guidel
ine
and Test
Condition
Remarks:

The study was designed to determine the developmental toxicity of SO (F-233) following dermal
administration to female rats daily for days 0 through day 20 of gestation.
Prior to the initiation of dosing with the test material, females were placed with untreated males
(approximate 1:1 ratio). Females that exhibited positive signs of mating were randomly assigned to
four treatment groups. Males were not treated. The treatment groups and time exposure periods
were as follows, where designation as GD 0 followed detection of sperm in a vaginal smear or a
copulatory plug:
Sham control 0 mg/kg/day – 15 animals (GD 0-20)
SO 100 mg/kg/day – 12 animals (GD 0-20)
SO 500 mg/kg/day – 12 animals (GD 0-20)
SO 1000.mg/kg/day – 12 animals (GD 0-5)*
* Dosing was discontinued on Day 5 of gestation for this dose group due to excessive dermal
irritation and vocalization of the animals.
At the completion of mating, all males and those females that did not exhibit positive evidence of
mating were sacrificed.
The test material was administered to groups 2-4 on GD 0 through GD 20. The test article was
applied to previously clipped, intact dermal sites on the backs of female animals. Test article was
applied to alternating sites (intrascapular and lumbar regions). Elizabethan collars were applied
just prior to dosing and were removed no sooner than 6 hours later. At the time of collar removal,
any excess test article was wiped from the application site. The dose administered was based
upon the GD 0 body weight. With the exception of test article application, control animals
underwent the same procedures as treated animals. Dosing was based on the results of an
irritation pre-screening test conducted prior to initiation of the developmental study.
The animals used in the study were between 12 and 13 weeks of age at exposure initiation.
Upon initiation of treatment, each female was observed twice daily for viability. Each rat was
observed at least once a day throughout gestation until sacrifice for changes in appearance,
behavior, excretory function, and general signs of ill-health or abortion. All unusual findings were
noted.
Individual body weights were recorded at receipt, near the end of the quarantine period, on days 0,
4, 8, 12, 16, and 20 of gestation, and on days 0 and 4 of lactation. Individual food consumption
was measured for days GD intervals 0-4, 4-8, 8-12, 12-16, and 16-20; and for days 0-4 of lactation
(postnatal period).
Each litter was observed daily during lactation day 0 (day of parturition) through 4 for signs of
toxicity and mortality. On lactation days 0 and 4, the weight and sex of each live pup was recorded.
Each female that mated was sacrificed by overexposure to carbon dioxide and necropsied.
Females that delivered a litter were necropsied on day 4 of lactation and those that did not deliver a
litter were necropsied on presumed GD 25.
The necropsy included a gross examination of the external body surfaces, orifices, and the cervical,
thoracic and abdominal viscera. The number of implantation sites was recorded for all females,
including those that appeared non-gravid. Dead pups were removed, examined externally and
discarded. On lactation days 0 and 4, the sex and weight of each pup was recorded. On day 4 of
lactation, all surviving pups were examined externally, sacrificed with carbon dioxide, and
discarded.
STATISTICAL ANALYSES: Data for female body weight and food consumption were evaluated by
ANOVA. First, Bartlett's test was performed to determine if the dose groups had equal variance at
the 1percent level of significance. If the variances were equal, the testing was done using
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parametric methods; otherwise, nonparametric techniques were used. For the parametric
procedures, a standard one way ANOVA using the F distribution to assess significance was used. If
significant differences among the means were indicated, Dunnett's test was used to determine
which treatment groups differed significantly from control. In addition to the ANOVA, a standard
regression analysis for linear response in the dose groups was performed. The regression also
tested for linear lack of fit in the model.
For the nonparametric procedures: the test of equality of means was performed using the KruskalWallis test. If significant differences among the means were indicated, Dunn's Summed Rank test
was used to determine which treatment groups differed significantly from control. In addition to the
Kruskal-Wallis test, Jonckheere's test for monotonic trend in the dose response was performed.
The test for equal variance (Bartlett) was conducted at the 1% level of significance. All other tests
were conducted at the 5% and 1% level of significance.
For reproductive and litter data, i.e., the number of implantation sites, gestation length, total number
of pups per litter and number of live pups per litter, normal probability plots of the residuals and
plots of residuals by treatment group were used to judge whether or not departure from the
assumptions of normality and homogeneous variance were sufficient to invalidate the usual
ANOVA analysis. If the usual analysis was invalid, a "weighted" General Linear Model (GLM)
analysis was used, where the weights were proportional to the reciprocal of the variance. If the
usual analysis was valid, the data were analyzed with a non-weighted GLM. All proportions (dead
pups at lactation day 0, pup alterations at lactation day 0, male pups at days 0 and 4, survival of
pups at lactation day 4) were analyzed by the “weighted" GLM, with litter size as the “weights" and
as a covariate in the model. The assumption was made that these weights were proportional to the
reciprocal of the variances. For all proportions and mean pup weight data, values were first derived
within the litter, and group mean values were derived as a mean of the individual litter mean values.
PAC Analysis:
The percent of each ring class was conducted in a separate study and determined by the PAC 2
method as described elsewhere. Briefly the PAC 2 is a single analytical method that involves
solvent extraction (DMSO) and an analysis of the DMSO-extracted concentrate of PACs by gas
chromatography with an FID or MS detector. The DMSO extraction procedure is selective for the
less polar PAC species, so that highly alkylated PACs are excluded from measurement. (API,
2008; and Mobil, 1994)
TEST RESULTS
Concentration ( LOAEL/LOAEC/NOAEL/NOAEC )
Value Description:

Value or Lower
Concentration:

LOAEL – Dermal Maternal

=

100

mg/kg/day

NOAEL- Dermal Maternal

=

Not identified
<100

mg/kg/day

LOAEL - Dermal Offspring (F1)

=

Not identified
>500

mg/kg/day

NOAEL - Dermal Offspring (F1)

=

500

mg/kg/day

Type

Results Remarks:

Population:

Upper
Concentration:

Units:

There was no mortality observed during the study.
Dermal irritation related to administration of the test article was noted for
females dosed at 100 mg/kg beginning GD 1 and continuing throughout the
duration of the study. Slight to moderate (primarily slight) erythema, edema,
eschar and dry skin were observed at the test site. Dermal irritation related to
administration of the test article was noted for females dosed at 500 mg/kg
beginning GD 1 and continuing throughout the duration of the study. Slight to
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severe (primarily slight to moderate) erythema, edema, eschar and dry skin
were observed at the test site.
Dermal irritation related to administration of the test article was noted for
females dosed at 1000 mg/kg beginning GD 1 and continuing throughout the
duration of the study in select animals. Slight to severe (primarily slight to
moderate) erythema, edema, eschar and dry skin were observed at the test
site. Alopecia and ulceration were observed in one animal, respectively, during
the study period.
Scratches on the back were observed in several rats within each of the treated
and control groups. The scratches were observed within the first eight days of
gestation and are considered to be a result of aggressive behavior exhibited
during mating. Body weights of pregnant females in the 100 mg/kg dose group
were significantly lower (p<0.05) than those of the control females on GD 12
and 16 as well as Lactation Days 0 and 4.
Body weight changes for pregnant females in the 100 mg/kg dose group were
significantly lower (p<0.01) than those of control females between GD 0 and 4.
Body weights of pregnant females in the 500 mg/kg dose group were
significantly lower than those of the control females on GD 12 (p<0.05), 16
(p<0.01) and 20 (p<0.01) as well as Lactation Days 0 (p<0.05) and 4 (p<0.05).
Body weight changes for pregnant females in the 500 mg/kg dose group were
significantly lower than those of control females between GD 0 to 4 (p<0.01), 8
to 12 (p<0.01), 12 to 16 (p<0.05) and 16-20 (p<0.05). The effects on body
weight and body weight change observed in the 100 and 500 mg/kg dose
groups are considered to be treatment related since they correspond to dose
related decreases.
Absolute and relative food consumption of pregnant females in the 100 mg/kg
dose group were significantly lower (p<0.05) than those of the control females
during GD 0 to 4. Absolute food consumption of pregnant females in the 500
mg/kg dose group were significantly lower (p<0.05) than those of the control
females during GD 0 to 4. Relative food consumption of pregnant females in the
500 mg/kg dose group were significantly lower than those of control females
during GD 0 to 4 (p<0.05), 12 to 16 (p<0.01) and 16 to 20 (p<0.01). The effects
on absolute and relative food consumption observed in the 100 and 500 mg/kg
dose groups are considered to be treatment related since they correspond to
dose related decreases.
Some degree of dermal irritation related to administration of test article was
noted for females in all of the dose groups that received the test article. Upon
evaluation of the uterus, one control animal was observed to have two early
resorptions in the right uterine horn. The occurrences of gas in the
gastrointestinal tract, ovaries surrounded by a red fluid filled sac and/or adrenal
glands which were dark red in color were considered to be incidental in nature
and are not considered to be treatment related. There were no statistically
significant differences observed in any of the parameters evaluated when the F233 treated groups were compared to the sham control group.
The following pup observations of cold to touch, isolated from litter, tip of tail
missing, pale in color, hematoma, lethargy, open wound, eschar and discolored
muzzle occurred sporadically and are considered to be incidental in nature.
Observations of missing pups (presumed cannibalized) were indicated
consistently amongst the control and treated groups, throughout the lactational
period. These findings are not considered to be treatment related.
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Summary of Selected Maternal Weight Parameters
Dose (mg/kg/day)
0
100
Body wt –final (g)
425.8 405.9
Body wt – lactation day 0
321.1 305.7a
Body wt – lactation day 4
341.4 322.2a
GD 0-4 wt gain (g)
26.4
19.8
GD 4-8 wt gain (g)
18.9
17.2
GD 8-12 wt gain (g)
24.2
21.1
GD 12-16 wt gain (g)
25.2
22.5
GD 16-20 wt gain (g)
63.6
62.0
Lactation day 0-4 wt gain (g) 20.3
16.5
a)Statistically different from control (p<0.05)
b)Statistically different from control (p<0.01)

500
393.6b
302.2a
320.3a
18.6b
16.9
18.6b
20.0a
53.9a
18.1

1000
411.3
308.6
316.8
18.0
18.5
26.5
24.3
63.5
8.2

Summary of Mean Selected Reproduction and Litter Data
Dose (mg/kg/day)
Number of dams pregnant
Dams with resorptions
Implantation sites - Mean
Number of litters with live pups (number of
females that delivered)
Total pups/litter (day 0)
Live pups/litter (day 0)
Proportion surviving to day 4 (%)
Pup weights (g) – mean, day 0
Pup weights (g) – mean, day 4
a)Statistically different from control (p<0.05)
b)Statistically different from control (p<0.01)

Conclusion:

0
13
1
16.2
13-

100
10
0
15.8
10

500
9
0
14.3
9

1000
11
0
16.2
11

15.6
15.4
98
6.57
10.64

15.2
15.0
97
6.44
10.47

13.2
13.1
98
6.47
9.93

15.0
14.6
92
6.56
9.64

Given the design of the study and the results observed, it was not possible to
determine if the effects observed were a result of an effect on the dam and the
ability to produce and carry a conceptus, or a direct effect on the embryo/fetus.
The systemic maternal NOAEL for dermal exposure to SO during GD 0-20 was
determined to be <100 mg/kg/day (LOAEL= 100 mg/kg/day based on
decreased body weight, body weight changes, absolute and relative food
consumption).
Note the dermal NOAEL was determined to be < 100 mg/kg since dermal
irritation occurred at all dose levels.
The developmental NOAEL for dermal exposure to SO during GD 0-20 was
determined to be 500 mg/kg/day. (The LOAEL was not determined since there
were no developmental effects seen at 500 mg/kg/day; the 1000 mg/kg/day
group received test article only on GD 0-5)

RELIABILITY/DATA QUALITY
Reliability:

Valid Without Restrictions (KS=1)

Reliability Remarks:

Non guideline study, but with adequate detail to make NOAEL determination.

Key Study Sponsor Indicator:

Key

REFERENCE
Reference:

ARCO. 1994. A Developmental Toxicity Screen in Female Rats Administered
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F-233 Dermally During GD 0 to 20. 1994. Report ATX-91-0133.
Mobil. 1994. Characterization and Quantitation of Polynuclear Aromatics (PNA),
Sulfur-PNA, Total and Basic Nitrogen in Various Refinery Streams. Mobil
Environmental and Health Sciences Laboratory Report no. 66149.
API. 2008. PAC Analysis Task Group, “The relationship between the aromatic
ring class content and selected endpoints of repeat-dose and developmental
toxicity of high-boiling petroleum substances.”
http://www.petroleumhpv.org/pages/pac.html, accessed 31 Dec 2009

High Production Volume Information System (HPVIS)

DEVELOPMENTAL TOXICITY/TERATOGENICITY
TEST SUBSTANCE
Category
Chemical:
Test
Substance:
Test
Substance
Purity/Compos
ition
and Other
Test
Substance
Comments:

Category
Chemical
Result Type :
Unable to
Measure or
Estimate
Justification :

68334-30-5
68334-30-5; Straight Run Diesel Oil (SRDO); Diesel Oil
Straight Run Diesel Oil (F-195)
PAC Content – report no. 65726-ZA-ZR (Mobil, 1994)
Sample
DMSO 1-ARC 2-ARC 3-ARC 4-ARC 5-ARC 6-ARC 7-ARC
1
2
#
wt.%
(%)
(%)
(%)
(%)
(%)
(%)
(%)
091648
0.10
3.00
4.00
0.10
0.10
0.10
0.00
(F-195)
1) Percent of DMSO-extractable materials (mostly PACs), determined by the PAC 2 method as
described in API (2008).
2) ARC is “aromatic ring class”. “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
Measured

METHOD
Route of
Administration
:
Other Route of
Administration
:
Type of
Exposure:
Species:

Dermal, non-occluded

Developmental toxicity
Rat
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Other
Species:
Mammalian
Strain:
Other Strain:

Not applicable

Gender:

Females (non treated males used for mating)

Number of
Animals per
Dose:
Concentration:
Dose:
Year Study
Performed :
Method/Guidel
ine Followed:
GLP:
Exposure
Period:
Frequency of
Treatment:
Post-Exposure
Period:
Method/Guidel
ine
and Test
Condition
Remarks:

Sprague-Dawley (Charles River, Portage, MI)
Not applicable

25 per dose for level

50, 150 and 300 mg/kg/day
1993
Similar to OECD 414 (Prenatal Developmental Toxicity Study)
yes
Gestation day (GD) 0-19
Once per day
None
The study was designed to evaluate the developmental toxicity (embryo-fetal toxicity and
teratogenic potential) of SRDO (F-195) administered percutaneously to presumed pregnant rats.
Prior to the initiation of dosing with the test substance, females were placed with untreated males
(approximate 1:1 ratio). Once mating occurred and confirmed by detection of sperm in a vaginal
smear or a copulatory plug, the individual, presumed pregnant females were randomly assigned to
four treatment groups and dosing began for that animal. The treatment groups and time exposure
periods were as follows, where designation as GD 0 followed detection of evidence of mating:
Vehicle control (acetone) 0 mg/kg/day – 25 animals (GD 0-19)
SRDO 50 mg/kg/day – 25 animals (GD 0-19)
SRDO 150 mg/kg/day – 25 animals (GD 0-19)
SRDO 300 mg/kg/day – 25 animals (GD 0-19)
At the completion of mating, all males and those females that did not exhibit positive evidence of
mating were sacrificed.
Suspensions of F-195 were prepared daily at concentrations of 0 (vehicle, acetone), 50, 150 and
300 mg/mL such that doses of 0, 50, 150, and 300 mg/kg/day, respectively, were administered at a
volume of 1 mL/kg. Animals in all groups were treated on GD 0 through GD 19. Each treatment
day, animals were dosed by even application of the test substance to their shaved backs, using a
blunt-tipped glass syringe. The test substance dose was calculated from each rat’s most recent
body weight. Rats were fitted with Elizabethan collars to minimize ingestion of test substance.
Controls were handled in the same manner but with application of the vehicle only. Elizabethan
collars were applied just prior to dosing and were removed after a 6 hour exposure period. At the
time of collar removal, any excess test article was wiped off with a cloth dipped in acetone and
dried with a clean cloth.
Upon initiation of treatment, each female was observed twice daily for viability. Each rat was
observed at least once a day throughout gestation until sacrifice for changes in appearance,
behavior, excretory function, and general signs of ill-health or abortion. All unusual findings were
noted. Skin reactions were graded using the Draize and National Research Council standards.
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Individual body weights and food consumption were recorded daily during presumed gestation.
All rats were sacrificed by carbon dioxide asphyxiation on day 20 of presumed gestation, and a
gross necropsy of the thoracic and abdominal viscera was performed. The abdomen of each rat
was opened, and the intact uterus was excised and examined for pregnancy. To confirm the
pregnancy status, uteri from rats that appeared non-pregnant were examined while transilluminated
and pressed between two glass plates. Tissues with gross lesions were preserved in neutral
buffered 10% formalin for possible future evaluation; all other maternal tissues were discarded.
Corpora lutea in each ovary were recorded. The number and distribution of implantations, early and
late resorptions, and live and dead fetuses were noted. An early resorption was defined as one in
which organogenesis was not grossly evident. A late resorption was defined as one in which the
occurrence of organogenesis was grossly evident. A live fetus was defined as a term fetus that
responded to mechanical stimuli. Nonresponding term fetuses were considered to be dead. Dead
fetuses and late resorptions were differentiated by the degree of autolysis present; marked to
extreme autolysis indicated that the fetus was a late resorption.
Each fetus was removed from the uterus, placed in an individual container, weighed, and examined
for weighed and examined for sex and gross external alterations. Live fetuses were sacrificed.
Approximately one-half of the fetuses in each litter were fixed in Bouin's solution and examined for
soft tissue alterations by using an adaptation of Wilson's sectioning technique. The remaining
fetuses in each litter were eviscerated, cleared, stained with alizarin red, and examined for skeletal
alterations.
STATISTICAL ANALYSES: Maternal and fetal incidence data were analyzed using the Variance
Test for Homogeneity of the Binomial Distribution. Maternal body weights, body weight changes,
feed consumption values, and litter averages for fetal body weights, percent male fetuses, fetal
ossification sites and percent fetal alterations were analyzed using Bartlett's Test and ANOVA,
when appropriate [i.e., Bartlett's Test was not significant (P>0.05)]. If the analysis of variance was
significant (P<0.05), Dunnett's Test was used to identify the statistical significance of the individual
groups. If the analysis of variance was not appropriate [i.e., Bartlett's Test was significant (P<0.05)],
the Kruskal-Wallis test was used, when less than or equal to 75% ties were present. When more
than 75% ties were present, Fisher's Exact Test was used. In cases in which the Kruskal-Wallis
Test was statistically significant (P<0.05), Dunn's Method of Multiple Comparisons was used to
identify the statistical significance of the individual groups. All other Caesarean-sectioning data
were evaluated using the procedures described for the Kruskal-Wallis Test.

PAC Analysis:
The percent of each ring class was conducted in a separate study and determined by the PAC 2
method as described elsewhere. Briefly the PAC 2 is a single analytical method that involves
solvent extraction (DMSO) and an analysis of the DMSO-extracted concentrate of PACs by gas
chromatography with an FID or MS detector. The DMSO extraction procedure is selective for the
less polar PAC species, so that highly alkylated PACs are excluded from measurement. (API,
2008; and Mobil, 1994)
TEST RESULTS
Concentration ( LOAEL/LOAEC/NOAEL/NOAEC )
Value Description:

Value or Lower
Concentration:

LOAEL – Dermal Maternal

=

150

mg/kg/day

NOAEL- Dermal Maternal

=

50

mg/kg/day

Type

Population:
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LOAEL - Dermal Offspring (F1)

=

Not determined
>300

mg/kg/day

NOAEL - Dermal Offspring (F1)

=

300

mg/kg/day

Results Remarks:

The animals used in the study were between 12 and 13 weeks of age at
exposure initiation.
No deaths occurred during the conduct of this study. Skin reactions related to
administration of the test substance
occurred in the 50, 150 and 300 mg/kg/day dosage groups. Increased or
significantly increased (P<0.05 to P<0.01) numbers of 50, 150 and 300
mg/kg/day rats had erythema and desquamation (grade 1 or 2). Atonia (grades
1 and 2) occurred in increased or significantly increased (P<0.01) numbers in
the 150 and 300 mg/kg/day dosage groups. Significantly increased (P<0.01)
numbers of 300 mg/kg/day dosage group rats had edema (grade 1).
Vocalization occurred in five and six rats in the 150 and 300 mg/kg/day dosage
groups, respectively. This clinical observation was considered an effect of the
test substance because it occurred only in the groups administered the test
substance. All other clinical observations were unrelated to administration of the
test substance because: 1) the incidences were not dose-dependent; 2) the
values were not significantly increased, as compared with the control group
values; or 3) the observations commonly occur in this strain of rat. These
observations included chromodacryorrhea, dental problems, red perinanal
substance, swollen snout and localized alopecia.
Necropsy observations were considered unrelated to administration of F-195
because they occurred in only one 300 mg/kg/day dosage group rat
(interrelated dilation of the ureter and pelvis of each kidney, and a calculus in
one ureter and in the urinary bladder).
Maternal body weight gains were reduced or significantly reduced in the 150
and 300 mg/kg/day dose groups at various points throughout the dosing period,
per the table below. Although body weights did not significantly differ among
the four dosage groups, the 150 and 300 mg/kg/day dosage groups had slightly
reduced body weights on days 9 through 20 of gestation. Maternal body weight
gains were significantly reduced (P<0.01) in the 50 mg/kg/day dosage group on
days 19 to 20 of gestation. This event was considered unrelated to the test
substance because: 1) the value was not dosage-dependent; and 2) there were
three unilateral pregnancies, one of which was a single conceptus litter
(spontaneous events that affect body weight gains during the fetal period when
growth is rapid). After exclusion of the values for these dams, the value was not
significant.
Absolute and relative feed consumption values were significantly reduced
(P<0.05 to P<0.01) in the 300 mg/kg/day
dosage group on days 3 to 6 and 6 to 9 of gestation. Percutaneous
administration of test substance at dosages as high as 150 mg/kg/day on days
0 through 19 of gestation did not affect absolute or relative feed consumption
values.
Percutaneous administration at dosages as high as 300 mg/kg/day did not
affect Caesarean-sectioning or litter
observations. There were 20, 21, 20 and 19 rats pregnant and Caesarean
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sectioned in the 0, 50, 150 and 300 mg/kg/day dosage groups, respectively, on
GD 20. There were no statistically significant or biologically important
differences in the litter averages for corpora lutea, implantations, litter sizes, live
fetuses, resorptions (early and late), fetal body weights, percent resorbed
conceptuses and sex ratios. No dam resorbed all conceptuses, and the
numbers of dams with resorptions and viable fetuses were comparable among
the four dosage groups.
Fetal alterations were classified as: 1) malformations (irreversible changes
which occur at low incidences in this species and strain); or 2) variations
(relatively common developmental changes in this species and strain, including
minor reversible delays or accelerations in development).
No gross external, soft tissue or skeletal alterations in the fetuses were caused
at dosages as high as 300 mg/kg/day. Malformations that occurred only in the
high dosage group were considered unrelated to the test substance because:
1) they occurred in only one fetus; and 2) the incidence was not significant. All
other fetal observations occurred at incidences that were not dosagedependent.
Summary of Selected Maternal Weight Parameters
Dose (mg/kg/day)
0
50
150
Body wt –final (gr)
386.4 376.6. 363.8
GD 0-3 wt gain (gr)
10.6
9.5
8.5
GD 3-6 wt gain (gr)
9.2
6.5
8.0
GD 6-9 wt gain (gr)
9.8
11.4
6.8 a
GD 9-12 wt gain (gr)
15.1
13.0
12.4a
GD 12-15 wt gain (gr) 17.5
17.3
13.8
GD 15-19 wt gain (gr) 50.2
48.2
45.2
GD 19-20 wt gain (gr) 14.6
10.5b 12.4
GD 0-20 wt gain (gr)
126.8 116.5 107.0b
a)Statistically different from control (p<0.05)
b)Statistically different from control (p<0.01)

300
370.5
8.5
2.6 b
9.5
11.6b
16.0
46.3
11.8
106.4b

Summary of Mean Selected Reproduction and Litter Data
Dose (mg/kg/day)

0

50

150

300

Corpora lutea
17.4 16.8 16.8
Implantation sites – mean 14.4 13.2 12.7
Live fetuses – total
264 263 236
Live fetuses - mean
13.2 12.5 11.8
Litter size
13.2 12.5 11.8
Viable male fetuses (%)
49.7 47.2 52.2
Total resorptions (mean)
1.2
0.7
0.9
Dams with resorptions
15
13
9
a)Statistically different from control (p<0.05)
b)Statistically different from control (p<0.01)

17.8
14.1
250
13.2
13.2
52.9
0.9
13

Fetal Endpoints
Dose (mg/kg/day)
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Fetal weights (gr)
3.53
Litters evaluated
20
Live fetuses - total
264
Dead fetuses – dead
0
% Resorbed conceptuses per
8.6
litter
Litters with any alteration
4(20.0%)
(N;%)c
Fetuses with any alteration
4(1.5%)
(N;%)c
Fetuses with any alteration per 1.46
litter (mean %)c
a)Statistically different from control (p<0.05)
b)Statistically different from control (p<0.01)
c) See text for discussion of results.
Conclusion:

3.57
21
263
0
5.4

3.62
20
236
0
10.9

3.47
19
250
0
6.9

6(28.6%)

6(30.0%)

9(47.4%)

12(4.6%)

9(3.8%)

11(4.4%)

3.76

3.76

4.37

Determined by Reviewer:
The maternal NOAEL for dermal exposure to SRDO during GD 0-19 was
determined to be 50 mg/kg/day (LOAEL = 150 mg/kg/day based on reduced
maternal body weight gains. The authors conclude that the reduced maternal
body weight observed at 50 mg/kg was not related to test substance
administration per RESULTS section above)
NOTE: Dermal irritation occurred at all doses tested; author indicates NOAEL of
< 50 mg/kg/day based on this effect.
The developmental NOAEL for dermal exposure to SRDO during GD 0-19 was
determined to be 300 mg/kg/day. (LOAEL = not identified, >300 mg/kg/day; the
highest dosage tested did not result in effects on embryo-fetal viability or fetal
body weights or morphology.)

RELIABILITY/DATA QUALITY
Reliability:

Valid Without Restrictions (KS=1)

Reliability Remarks:

Non guideline study, but with adequate detail to make NOAEL determination.

Key Study Sponsor Indicator:

Key

REFERENCE
Reference:

ARCO. 1993. Developmental Toxicity (Embryo-Fetal Toxicity and Teratogenic
Potential) Study of F-195 Administered Percutaneously to Crl:CD®BRK
VAF/Plus® Presumed Pregnant Rats. Report ATX-92-0156.
Mobil. 1994. Characterization and Quantitation of Polynuclear Aromatics. Mobil
Environmental and Health Sciences Laboratory Report no. 65726-ZA-ZR.
API. 2008. PAC Analysis Task Group, rThe relationship between the aromatic
ring class content and selected endpoints of repeat-dose and developmental
toxicity of high-boiling petroleum substances.r
http://www.petroleumhpv.org/pages/pac.html, accessed 31 Dec 2009

High Production Volume Information System (HPVIS)
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DEVELOPMENTAL TOXICITY/TERATOGENICITY
TEST SUBSTANCE
Category
Chemical:
Test
Substance:
Test
Substance
Purity/Compo
sition
and Other
Test
Substance
Comments:

Category
Chemical
Result Type :
Unable to
Measure or
Estimate
Justification :

68915-97-9
68915-97-9; Heavy Atmospheric Gas Oil (HAGO)
Heavy Atmospheric Gas Oil (CRU No. 86271)
PAC (Polycyclic Aromatic Compound) Content – Report No. 63803ZD (Mobil,
1990)
Sample
DMSO 1-ARC 2-ARC 3-ARC 4-ARC 5-ARC 6-ARC 7-ARC
1
2
#
wt.%
(%)
(%)
(%)
(%)
(%)
(%)
(%)
86271
10.50
0.11
0.84
5.25
3.15
0.42
0.21
0.11
1) Percent of DMSO-extractable materials (mostly PACs), determined by the PAC 2 method as
described in API (2008).
2) ARC is “aromatic ring class”. “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.
Measured

METHOD
Route of
Administration
:
Other Route
of
Administration
:
Type of
Exposure:
Species:

Dermal, non-occluded

Developmental toxicity study
Rat

Other
Species:
Mammalian
Strain:
Other Strain:

Not applicable

Gender:

Females, presumed pregnant (non treated males used for mating)

Number of
Animals per
Dose:
Concentration
:
Dose:

Sprague-Dawley (Charles River, Kingston, NY)
Not applicable

12 per dose

Prenatal Study:
0, 8, 30, 125, or 500
Postnatal Study:
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0, 125 mg/kg/day
Year Study
Performed :
Method/Guide
line Followed:
GLP:
Exposure
Period:
Frequency of
Treatment:
PostExposure
Period:
Method/Guide
line
and Test
Condition
Remarks:

1991
Similar to OECD 414 (Prenatal Developmental Toxicity Study). Main difference was that fewer
females were used (12/group versus 20).
No information
GD 0-19
Once per day
None
The primary objectives of this study were to evaluate the effects HAGO on female rats during
gestation (food consumption, body weight gain, hematology/serum chemistry parameters) and to
determine if in utero exposure to the material adversely affects fetal viability and development or
postnatal survival of neonates.
Prior to the initiation of dosing with the test material, females were placed with untreated males
(approximate 1:1 ratio). Once mating occurred and confirmed by detection of a vaginal plug (in situ
or expelled), the individual, presumed pregnant females were randomly assigned to seven
treatment groups and dosing began for that animal. The treatment groups and time exposure
periods were as follows, where designation as GD 0 followed detection of a vaginal plug, and
spermatozoa in the vaginal lavage fluid:
Prenatal Group
Control (0 mg/kg/day) – GD 0-19
HAGO 8 mg/kg/day – GD 0-19
HAGO 30 mg/kg/day – GD 0-19
HAGO 125 mg/kg/day – GD 0-19
HAGO 500 mg/kg/day – GD 0-19
Postnatal Group
Control (0 mg/kg/day) – GD 0-19
HAGO 125 mg/kg/day – GD 0-19
Selection of dose levels was based on the results of a subchronic toxicity study using this material.
The test material was administered to groups 2-5 and 7 on GD 0-19. Hair was clipped from the
dorsal trunk of each animal on GD 0, and once weekly during the study. Each treatment day,
animals were dosed by even application of the test material to their shaved backs, using the tip of a
syringe. The test material dose, calculated from each rat’s most recent body weight, was measured
by weight. Rats were fitted with Elizabethan collars to minimize ingestion of test material. Controls
were handled in the same manner, minus application of the test material. Control animals were
clipped and collared and the intact dorsal skin of each rat was stroked with the tip of a syringe, but
no test material was applied.
Each rat was observed at least once a day throughout gestation until sacrifice for 1) changes in
appearance, behavior, and excretory function, and 2) signs of ill-health, mortality, abortion and
premature delivery. Dams and their litters were observed on postpartum days 0-4 for signs of
pathosis and/or death. On postpartum day, pups were examined for external malformations and
variations. Pups were observed daily for the presence of milk in their stomachs; absence of milk
was recorded. All unusual findings were noted.
Individual body weights were recorded on days 0, 3, 6, 10, 13, 16, and 20 of gestation. Individual
food consumption was measured during the study was calculated for GD intervals 0-3, 3-6, 6-10,
Page 330 of 363

Id Gas Oils

5. Toxicity

Date October 23, 2012

10-13, 13-16, and 16-20. Additionally, the body weights of the postnatal group (Groups 6 and 7)
were measured on postpartum days 0 and 4, and recorded. Food consumption was not measured
during the postpartum period.
For the prenatal groups (groups 1-5) each female was sacrificed by overexposure to ether on day
20 of its presumed gestation. Thoracic and abdominal organs were examined, and the reproductive
organs were examined grossly for evidence of pathosis. The thymus and liver of each animal were
removed, trimmed of excess tissue, weighed to the nearest 0.001 gram; only the livers were
preserved in 10% neutral buffered formalin. The ovaries and uterus of each rat were excised and
examined grossly. The number of corpora lutea per ovary and the weight of the gravid uterus were
recorded. The ovaries in nonpregnant females were grossly examined and then discarded. In the
uterus, the number and location of implantations, early and late resorptions, and live and dead
fetuses were recorded. An "early resorption" was defined as a reabsorbed dead conceptus in
which it was not grossly evident that organogenesis had occurred; a "late resorption" was defined
similarly but as one in which it was evident that organogenesis had occurred. A "live fetus" was
defined as a fetus which responded to a stimulus, such as touch; a "dead fetus" did not respond to
stimuli, nor did it demonstrate the autolysis characteristic of late resorptions. The uterus of each
female that appeared non-gravid was pressed between two glass slides and examined grossly for
evidence of implantation
Blood samples for groups 1-5 were collected at the time of sacrifice from the aorta of each rat and
serum was analyzed for alanine aminotransferase, albumin, alkaline phosphatase, aspartate
aminotransferase, bilirubin, calcium, chloride, cholesterol, creatinine, globulin, glucose, lactate
dehydrogenase, iron, inorganic phosphorus, potassium, sodium, sorbitol dehydrogenase, total
protein, triglycerides, urea nitrogen, and uric acid. The globulin and albumin/globulin ratios were
calculated.
Each fetus was gendered, weighed and grossly examined. The following definitions and
terminology were used in describing fetal findings:
Anomaly: Any deviation (malformation or variation) from "normal.”
Malformation: A permanent structural deviation which generally is incompatible with, or severely
detrimental to, normal postnatal survival or development. Absence structures which should have
been present, as well as deviations in tail development, are also classified as malformations.
Variation: A variation is a divergence beyond the usual range of structural constitution. It has an
indeterminate effect on health and generally has no effect on survival.
Approximately half of the fetuses were randomly assigned for examination of soft tissues (viscera)
following fixation in Bouin’s solution. Groups 1. 4 and 5 were examined for anomalies using a
modification of Wilson’s technique. The other half were fixed in 95% ethanol, differentially stained
for cartilage and bone, cleared in glycerin and examined for skeletal abnormalities. Groups 1, 3, 4
and 5 were examined.
For the postnatal groups (group 5 & 6), female rats and their offspring were sacrificed by
overexposure to ether on postpartum day 4. Animals which did not deliver were sacrificed on GD
25. The abdominal cavity of each adult
female was exposed and the reproductive organs were examined grossly for evidence of patbosis.
The uterus was excised and examined for the total number of implantations. The thymus and liver
of each animal were removed, trimmed of excess tissue, weighed to the nearest 0.001 gram, and
preserved in 10% formalin; only the livers were preserved in 10% neutral formalin. All pups were
sacrificed on post partum day 4 or the following Monday. No tissues were preserved.
Statistical analysis: Data from the maternal biophase, caesarean section, and gross fetal
examinations were evaluated by ANOVA, followed by group comparisons using Fisher’s Exact or
Dunnett’s Test. Data from skeletal and visceral examination were evaluated by ANOVA followed
by group comparisons using Fisher’s Exact Test. Thymus and liver weights were evaluated using
Tukey's test. Serum chemistry data were analyzed by ANOVA followed by group comparisons using
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Tukey's test. Postnatal group data was evaluated as described above for the pre-natal groups.
Mean implantation sites per group were hand calculated. Differences between control and treated
groups were considered statistically significant only if the probability of the differences being due to
chance was less than 5% (p<0.05).
PAC Analysis:
The percent of each ring class was conducted in a separate study and determined by the PAC 2
method as described elsewhere. Briefly the PAC 2 is a single analytical method that involves
solvent extraction (DMSO) and an analysis of the DMSO-extracted concentrate of PACs by gas
chromatography with an FID or MS detector. The DMSO extraction procedure is selective for the
less polar PAC species, so that highly alkylated PACs are excluded from measurement. (API,
2008; and Mobil, 1990)
TEST RESULTS
Concentration ( LOAEL/LOAEC/NOAEL/NOAEC )
Value Description:

Value or Lower
Concentration:

LOAEL – Dermal Maternal

=

125

mg/kg/day

NOAEL- Dermal Maternal

=

30

mg/kg/day

LOAEL - Dermal Offspring (F1)

=

125

mg/kg/day

NOAEL - Dermal Offspring (F1)

=

30

mg/kg/day

Type

Results Remarks:

Population:

Upper
Concentration:

Units:

The female animals used in the study were approximately 9 weeks old at
receipt and approximately 11 weeks old at exposure initiation.
Observations for both prenatal and postnatal toxicity groups were similar. The
red nasal exudate and chromodacryorrhea noted in control and treated groups
are common in animals that are collared and/or stressed. Scratches ware
observed on the backs of several of the animals in each of the groups at the
time of the first
clipping and probably occurred during mating activity. One female developed
neck lesions, in spite of the protective soft rubber tubing that lines the inner
surface of the cardboard collar.
Skin irritation was noted for a few females in each of the HAGO-exposed
groups. The irritation ranged from slight to moderate and, although related to
HAGO application, a dose response effect was not elicited. The red vaginal
discharge observed in seven out of eleven pregnant females in the 500
mg/kg/day group is considered to be test material related. This finding is usually
indicative of some degree of litter resorption; excluding the data for one female,
the incidence of resorption ranged from 25-100 in females exhibiting red vaginal
discharge. One female in each of the 125 mg/kg/day groups (prenatal and
postnatal) also had red vaginal discharge. These females had only one and two
resorptions, respectively. Since red vaginal discharge has been noted in this
facility in control animals with few resorptions, it is unclear whether these two
incidences are related to HAGO administration.
Prenatal group animals exposed to HAGO at dose levels of 125 and 500
mg/kg/day gained significantly less weight during gestation per the table below.
Body weight gain was also significantly reduced at these dose levels.
Postnatal group females exposed to test material at a dose level of 125
mg/kg/day gained significantly less weight during the first half of the gestation
period, but overall body weight gain was not significantly affected. Mean
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maternal body weights during the postpartum period were not adversely
affected.
Both prenatal and postnatal females exposed to HAGO at 125 mg/kg/day, and
prenatal females exposed at 500 mg/kg/day, consumed less food throughout
gestation than their respective control groups.
Summary of Selected Maternal Weight Parameters
Dose
(mg/kg/day
)

0

8

30

125

500

0
(Postnatal
Gp)
389.7

125
(Postnatal
Gp)
377 .8

Body wt at
delivery
(gr)
GD 0-3 wt
gain (gr)
GD 3-6 wt
gain (gr)
GD 6-10 wt
gain (gr)
GD 10-13
wt gain (gr)
GD 13-16
wt gain (gr)
GD 16-20
wt gain (gr)
GD 0-20 wt
gain (gr)
Postpartum
day 0
Postpartum
day 4
Gravid
uterus (gr)
Carcass
(gr)/final
body
weight (e)
Net wt
change
from day 0
(gr)
Thymus
weight (gr)absolute
Thymus
weight (gr)relative
Liver
weight absolute
(gr)
Liver
weight (gr)-

484.7

408.2

386.1

378.0

298.4
b

16

11

14

5a

-3b

12

3a

17

18

16

12

11

15

12

23

25

24

19

16a

23

17a

19

23

16

19

12

16

12

26

27

24

21

3b

24

29

66

66

54

56

18b

60

63

166

170

149

132a

58b

149

136

--

--

--

--

--

298

286

--

--

--

--

--

304

301

84.3

86.2

72.5

67.5

22.6b

--

--

320.4

322.0

313.6

310.4

278.5
b

304

301

81.6

83.6

76.3

64.4a

35.7b

--

--

0.292

0.279

0.279

0.225

0.136
b

0.219

0.198

0.091

0.086

0.089

0.072

0.049
b

0.072

0.066

16.78
0

17.64
6

16.68
2

17.54
3

18.96
0

13.40
1

15.171
a

5.235

5.475

5.305

5.649

6.109
b

4.429

5.032b
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relative
a)Statistically different from control (p<0.05)
b)Statistically different from control (p<0.01)
c)Statistically different from matched control (p<0.05)
d) Statistically different from matched control (p<0.01)
e) = Carcass weight minus day 0 body wt
The mean thymus weight (both absolute and relative) of prenatal females in the
500 mg/kg/day dose group was significantly smaller than that of the control
group. The mean relative liver weight was significantly increased at the 500
mg/kg/day dose level. No other adverse effects were noted.
Adverse hematology parameters included a significant reduction of platelets
(500 mg/kg/day) and segmented neutrophils (125 mg/kg/day). Adverse effects
on serum components were noted at the 500 mg/kg/day dose level. Aberrant
serum chemistry values were obtained for triglycerides, total protein, albumin,
calcium, urea nitrogen, and alkaline phosphatase (ALP). All of the
aforementioned components showed a linear relationship (>99% confidence
level) between dose and serum level. When compared to historical serum
reference values, the dose-response curve for each component fell outside the
normal range as defined by the 10th and 90th percentiles of the historical data.
Of the six serum chemistry parameters that were adversely affected,
triglycerides, total protein, and albumin may be a result of the large number of
resorptions in the 500 mg/kg/day group. It has been found that pregnant
animals which resorb a large per.centage of their litter have serum values
similar to those of nonpregnant animals [5]. This may also be the case for the
increase in calcium since elevated levels have been noted in previous studies
for groups with increased resorptions. The rise in alkaline phosphatase may be
indicative of liver dysfunction. (As noted above, relative liver weights were
increased at the 500 mg/kg/day dose level.) Elevation in urea nitrogen was
seen for the high dose group; this finding may suggest some degree of renal
dysfunction. Hematologic evaluation revealed a decrease in platelet count at
the high dose level. Urea nitrogen and platelets were similarly affected following
subchronic HAGO treatment.
Summary of Mean Selected Reproduction Data
Dose (mg/kg/day)
0
8
30
Implantation sites (mean)
15.7 16.2 14.3
Viable fetuses
149 166 154
Litter size (mean)
14.9 15.1 12.8
Viable male fetuses (%)
49
48
50
Resorptions (mean)
0.8
1.1
1.5
Resorptions (mean %)
5.0
6.7
17.6
Dams with resorptions (%) 50
73
58
a)Statistically different from control (p<0.05)
b)Statistically different from control (p<0.01)

125
14.0
149
12.5
57
1.8
9.5
67

500
13.5
38
3.6b
55
9.8b
65.8b
91

Preimplantation loss in both the 125 and 500 mg/kg/day groups was more than
twice that of the control group; the difference was not, however, statistically
significant. Two females in each of these groups had few implantation sites
relative to the number of eggs ovulated. Three of these four females also had a
reduced number of corpora lutea. Since ovulation had already occurred prior to
the initiation of test material application, this finding is not believed to be
treatment related. A significant increase in mean number/percent resorptions
and a corresponding decrease in litter size were observed at the 500 mg/kg/day
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dose level. Although the percent resorptions for the 30 and 125 mg/kg/day
groups was greater than that of the control group, the standard deviation within
each group was quite large and statistical significance was not achieved; the
response was not dose related.
Mean fetal body weights, a parameter of body growth and development, were
significantly decreased for all viable fetuses at a level of 500 mg/kg/day. In
general, male fetuses in this group appeared to be more affected than females.
No effects attributable to the test material were observed at the time of fetal
external examination. Fetal skeletal anomalies were limited to incomplete
ossification of the nasal bones and caudal centra. Findings observed during
visceral examination were not considered to be treatment related since they
were either observed in the
control group or as isolated occurrences in the treated group.
Mean fetal body weights, a parameter of body growth and development, were
significantly decreased for all viable fetuses at a level of 500 mg/kg/day. Male
fetuses in the 125 mg/kg/day group were also significantly affected. No effects
attributable to the test material were observed at the time of fetal external
examination. The one dead fetus observed in the 125 mg/kg/day group was
severely malformed, but due to its isolated occurrence, the incident is not
believed to be treatment related. The two dead fetuses observed in the 500
mg/kg/day group had no remarkable findings.
A significant increase in incomplete ossification of a number of skeletal
structures (nasal bones, thoracic centra, caudal centra, sternebrae,
metatarsals, and pubis) was noted in the 125 and 500 mg/kg/day groups.
Findings observed during visceral examination were not considered to be
treatment related since they were either observed in the control group or as
isolated occurrences in the treated groups.
Fetal Endpoints - Weight and Gross Observations (Groups 1-5)
Dose (mg/kg/day)
0
8
30
125
500
Fetal weights (gr)
3.8 3.8 3.8 3.6** 3.0b
Litters evaluated
10
11
11
12
7
Fetuses - live
149 166 154 149
38
Fetuses – dead
0
0
0
1
2
Gross Exam
*
*
*
*
*
(fetal incidence; %)
Gross Exam
*
*
*
*
*
(litter incidence; %)
*See text for explanation
**Significant weight decrease seen in male fetuses.
a)Statistically different from control (p<0.05)
b)Statistically different from control (p<0.01)
Fetal Endpoints – Skeletal Observations (Groups 1-5)
Dose (mg/kg/day)
Litters evaluated
Fetuses - live
Fetuses – dead
Total skeletal anomalies (fetal
incidence; %)
Total skeletal anomalies litter
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0
10
77
0
51; 66

8
0
*
*
*

30
11
80
0
55; 69

10;100

*

11;

125
12
77
1
65;
83a
12;

500
7
21
0
21;
100b
7; 100
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incidence; %)
100
100
*See text for explanation
a)Statistically different from control (p<0.05)
b)Statistically different from control (p<0.01)
c) Statistically significant anomalies observed – see text for explanation
Fetal Endpoints – Soft Tissue Observations (Groups 1-5)
Dose (mg/kg/day)
Litters evaluated
Fetuses - live
Fetuses – dead
Total soft tissue anomalies (fetal incidence;
%)
Total soft tissue anomalies (litter incidence;
%)
*See text for explanation
a)Statistically different from control (p<0.05)
b)Statistically different from control (p<0.01)

0
10
72
0
8;
11
4;
40

8
0
*
*
*

30
0
*
*
*

*

*

125
11
72
0
6;
83
4;
36

500
5
17
0
1;
59
1;
20

Postnatal groups:
No test material related findings were noted during the postpartum period. For
the postnatal group females dosed at 125 mg/kg/day, absolute and relative liver
weights were significantly increased.
Exposure to HAGO at 125 mg/kg/day did not adversely affect pup survival or
development. Although pups from the HAGO-exposed females were
significantly smaller than control pups, it should also be noted that the HAGOexposed females had significantly larger litters overall. In general, pups in larger
litters tend to be smaller than those in litters with fewer pups.
Although a significant increase in liver weight (both absolute and relative) was
noted for postnatal females at 125 mg/kg/day, it was not noted for prenatal
females at the same dose level. The normal liver enlargement which occurs
during pregnancy may have masked HAGO related liver effects in the prenatal
125 mg/kg/day group. The authors conclude that, after delivery of their litters,
the livers of postnatal control females returned to normal (nonpregnant) size,
while the livers of postnatal HAGO females remained slightly enlarged due to
exposure to HAGO.
Summary of Litter Data (Groups 8 & 9)
Dose (mg/kg/day)
Pups delivered – total
Implantation sites (mean)
Litter size- mean (total pups/litter)
Liveborn
Stillborn
Pup weights (gr) – Day 0
Pup weights (gr) – Day 4
Live pups/litter Day 0
Live pups/litter Day 1
Live pups/litter Day 2
Live pups/litter Day 3
Live pups/litter Day 4
Pups surviving 4 days (N;%)
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0
148
14.3
13.5
145
3
6.2
9.7
13.2
13.1
13.0
13.0
13.0
143;99

125
184
16.9a
15.3a
181
3
5.8a
8.7a
15.1a
15.0a
14.8
14.3
14.3
172; 95
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a)Statistically different from matched control (p<0.05)
b) Statistically different from matched control (p<0.01)
The maternal NOAEL for dermal exposure to HAGO during GD 0-19 was
determined to be 30 mg/kg/day (LOAEL= 125 mg/kg/day based on net
maternal body weight gain, food consumption, decreased thymus weights,
increased liver weights, and aberrant serum chemistry and hematology
parameters.)

Conclusion:

The developmental NOAEL for dermal exposure during GD 0-19 was
determined to be 30 mg/kg/day (LOAEL = 125 mg/kg/day based on decreased
fetal weights, and increased skeletal anomalies.)
Postnatal development and survival were unaffected by HAGO treatment.
RELIABILITY/DATA QUALITY
Reliability:

Valid Without Restrictions (KS=1)

Reliability Remarks:

Comparable to guideline study

Key Study Sponsor Indicator:

Key

REFERENCE
Reference:

Mobil. 1991. Developmental Toxicity Study in Rats Exposed Dermally to Heavy
Atmospheric Gas Oil. Mobil Environmental and Health Sciences Laboratory
Report 64146.
Mobil. 1990. Characterization and Quantitation of Polynuclear Aromatics in
Heavy Atmospheric Gas Oil. Mobil Environmental and Health Sciences
Laboratory Report No. 63803ZD .
API. 2008. PAC Analysis Task Group, “The relationship between the aromatic
ring class content and selected endpoints of repeat-dose and developmental
toxicity of high-boiling petroleum substances.”
http://www.petroleumhpv.org/pages/pac.html, accessed 31 Dec 2009

High Production Volume Information System (HPVIS)

DEVELOPMENTAL TOXICITY/TERATOGENICITY
TEST SUBSTANCE
Category
Chemical:
Test
Substance:
Test
Substance
Purity/Comp
osition
and Other
Test
Substance

64741-59-9
64741-59-9; Light Cycle Oil (LCO); Catalytically Cracked Distillates, Light
0

Light Catalytic Cracked Oil (CRU No. 010913) 184-335 C
65% total aromatics [28.9% mono-, 36.1% poly-aromatics] analyzed by supercritical fluid
chromatography (ASTM D5186).
PAC (Polycyclic Aromatic Compound) Content
Sample
DMSO 1-ARC 2-ARC 3-ARC 4-ARC 5-ARC 6-ARC 7-ARC
1
2
#
wt.%
(%)
(%)
(%)
(%)
(%)
(%)
(%)
010913
23.9
2.4
16.7
4.8
0.00
0.00
0.00
0.00
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Comments:

Category
Chemical
Result Type :
Unable to
Measure or
Estimate
Justification :

1) Percent of DMSO-extractable PACs, determined by the PAC 2 method as described in API
(2008).
2) ARC is “aromatic ring class”. “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.
Measured

METHOD
Route of
Administratio
n:
Other Route
of
Administratio
n:
Type of
Exposure:
Species:
Other
Species:
Mammalian
Strain:
Other Strain:
Gender:
Number of
Animals per
Dose:
Controls
Doses:
Year Study
Performed :
Method/Guid
eline
Followed:
GLP:
Exposure
Period:
Frequency of
Treatment:
PostExposure
Period:
Method/Guid
eline
and Test
Condition

Dermal, non-occluded

Not applicable

Developmental toxicity study
Rat
Not applicable
Sprague-Dawley Charles River Laboratories, Raleigh, NC
Not applicable
Females, presumed pregnant (non treated males used for mating)
25/group
Untreated [Sham} controls, vehicle control – USP mineral oil 1.5mL/kg
0, 100, 450, 750mg/kg/day
2012
OECD 414 Prenatal Developmental Toxicity Test; EPA OCSPP 870.3700 Prenatal Developmental
Toxicity Test
Yes
Gestation day 0-19, 6 hours/day
Once per day
none
Crl:CD(SD) sexually mature female rats [approx. 79 days old at receipt] were received in good
health from Charles River Laboratories, Inc., Raleigh, NC. The day following receipt, all animals
were weighed and clinical observations were recorded. Each rat was uniquely identified by a
®
Monel metal ear tag displaying the animal number and housed for 14 days for acclimation
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Remarks:

purposes. During the acclimation period, the rats were observed twice daily for mortality and
changes in general appearance and behavior. Animals were acclimated to wearing Elizabethanstyle collars on an incremental basis, starting with approximately 1 hour and ending with
approximately 24 hours of acclimation, starting approximately 1 week prior to the initiation of dose
application. Animals were housed individually except during breeding in a room with a 12 hour
light/12 hour dark cycle and received food and water ad libitum. The room temperature and
0
0
humidity controls were set to maintain environmental conditions of 71 ± 5 F (22 ± 3 C) and 50 ±
20%, respectively.
Females were approximately 13 weeks old when paired for breeding with sexually mature untreated
male rats of same strain and source. Positive evidence of mating was confirmed by the presence
of a vaginal copulatory plug or the presence of sperm in a vaginal lavage and verified by a second
biologist. Each mating pair was examined daily. The day on which evidence of mating was
identified was termed gestation day 0 and the animals were separated. The bred females were
assigned to groups using a computer program which randomized the animals based on
stratification of the gestation day 0 body weights in a block design. Animals not assigned to study
were euthanized by carbon dioxide inhalation and discarded. Body weight values ranged from
221g to 317g on gestation day 0.
On the day prior to the initiation of dose administration, and as often as necessary thereafter, the
hair was clipped (in a manner that would not abrade the skin) from the dorsal scapular area;
repeated clippings were performed prior to or at least 2-4 hours after dose administration. A
different set of clippers was used for each group to avoid the potential for cross-contamination.
Light catalytic cracked distillate in mineral oil was applied once daily from gestation days 0 through
19 for 6 hours each day. Exposure levels were 100, 450, and 750 mg/kg/day administered at a
dosage volume of 1.5 mL/kg. The vehicle or test substance was applied evenly to the clipped,
unabraded skin and spread evenly using a glass rod (to ensure contact with an area of
approximately 10% of the total body surface area). At the end of the 6-hour exposure period, the
test sites were gently patted using a disposable paper towel in an effort to remove any remaining
test substance or vehicle from the skin. If needed, the test site could be gently patted with gauze
moistened with mineral oil and then patted again with dry gauze or a dry disposable paper towel.
All animals were observed twice daily for mortality and moribundity and clinical observations
recorded. Body weights and food consumption were recorded at GD 0, 3, 6, 9, 12, 15, 18, and 20.
Mean body weight changes were calculated for each interval and GD 0-20. Collars were removed
during weighing. Gravid uterine weight was collected and net body weight (the gestation day 20
body weight exclusive of the weight of the uterus and contents) and net body weight change (the
gestation day 0-20 body weight change exclusive of the weight of the uterus and contents) were
calculated and presented for each gravid female at the scheduled laparohysterectomy.
Pathology Maternal and developmental: On gestation day 20, females were euthanized by carbon
dioxide inhalation and a laparohysterectomy was performed on each surviving female. The cranial,
thoracic, abdominal, and pelvic cavities were opened and the contents examined. The uteri,
placentae, and ovaries were examined, and the numbers of fetuses, early and late resorptions, total
implantations, and corpora lutea were recorded. All implantation sites, including resorptions, were
numbered in consecutive order beginning with the left distal to the left proximal uterine horn, noting
the position of the cervix, and continuing from the right proximal to the right distal uterine horn.
Tissue retained were treated skin, untreated skin (right hind limb), liver, thymus, brain and all gross
lesions. Gravid uterine weights were recorded, and net body weights and net body weight
changes were calculated. Females that died or were euthanized (by carbon dioxide inhalation) in
extremis during the course of the study were similarly examined and tissue retained in 10%
neutral-buffered formalin. The number and location of implantation sites, corpora lutea, and viable
fetuses were recorded. Recognizable fetuses were examined externally and preserved in 10%
neutral-buffered formalin for possible future analysis. Remaining tissue was discarded. The liver,
brain, and thymus were weighed from all animals euthanized in extremis or at the scheduled
necropsy. Organ to brain weight ratios were calculated.
Intrauterine data were summarized using 2 methods of calculation. An example of each method of
calculation follows:
1.
Group Mean Litter Basis:
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Postimplantation Loss/Litter

2.

=

No. Dead Fetuses,
Resorptions (Early/Late)/Group
No. Gravid Females/Group

Proportional Litter Basis:
Summation Per Group (%)

=

where
Postimplantation Loss/Litter (%)

=

Sum of Postimplantation Loss/Litter (%)
No. Litters/Group
No. Dead Fetuses,
Resorptions (Early/Late)/Litter
No. Implantation Sites/Litter

x 100

Fetal Evaluation: Each viable fetus was subjected to a visceral examination using a fresh dissection
technique to include 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.
Heads from approximately one-half of the fetuses in each litter were placed in Bouin's fixative for
subsequent soft-tissue examination by the Wilson sectioning technique. The heads from the
remaining one-half of the fetuses were examined by a midcoronal slice. All carcasses were
eviscerated and fixed in 100% ethyl alcohol.
Following fixation in alcohol, each fetus was macerated in potassium hydroxide and stained with
Alizarin Red S and Alcian Blue and examined for skeletal malformations and developmental
variations.
External, visceral, and skeletal findings were recorded as developmental variations (alterations in
anatomic structure that are considered to have no significant biological effect on animal health or
body conformity and/or occur at high incidence, representing slight deviations from normal) or
malformations (those structural anomalies that alter general body conformity, disrupt or interfere
with normal body function, or may be incompatible with life).
The fetal developmental findings were summarized by: 1) presenting the incidence of a given
finding both as the number of fetuses and the number of litters available for examination in the
group; and 2) considering the litter as the basic unit for comparison and calculating the number of
affected fetuses in a litter on a proportional basis as follows:
Sum of Viable Fetuses Affected/Litter (%)
No. Litters/Group

Summation per Group (%) =
Where:
Viable Fetuses Affected/Litter (%) =

No. Viable Fetuses Affected/Litter
No. Viable Fetuses/Litter

x 100

Statistical Analysis: Mean maternal body weights (absolute and net), body weight changes
(absolute and net), and food consumption, gravid uterine weights, numbers of corpora lutea,
implantation sites, and viable fetuses, fetal body weights (separately by sex and combined), and
organ weights were subjected to a parametric one-way ANOVA to determine intergroup differences.
If the ANOVA revealed significant (p<0.05) intergroup variance, Dunnett's test or a two-sample ttest, as appropriate, was used to compare the test substance-treated groups to the vehicle control
group and the vehicle control group to the sham control group. Mean litter proportions (percent per
litter) of prenatal data (viable and nonviable fetuses, early and late resorptions, total resorptions,
pre- and postimplantation loss, and fetal sex distribution), total fetal malformations and developmental
variations (external, visceral, skeletal, and combined) and each particular external, visceral, and
skeletal malformation or variation were subjected to the Kruskal-Wallis nonparametric ANOVA test to
determine intergroup differences. If the ANOVA revealed significant (p<0.05) intergroup variance,
Dunn’s test was used to compare the test substance-treated groups to the vehicle control group
and the vehicle control group to the sham control group.
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TEST RESULTS
Concentration ( LOAEL/LOAEC/NOAEL/NOAEC )
Type

Population:

Value
Description:

Value or Lower
Concentration:

LOAEL dermal

Maternal

=

450

mg/kg/day

NOAEL dermal Maternal

=

100

mg/kg/day

LOAEL dermal

Offspring

=

450

mg/kg/day

NOAEL dermal Offspring

=

100

mg/kg/day

Results Remarks:

Upper
Concentration:

Units:

Two females in the 750 mg/kg/day group died during gestation. The female
euthanized in extremis on GD 13 had 15 normally developing implantations and
1 early resorption in utero and the female found dead on GD 16 had an entirely
resorbed litter (17 early resorptions). All other females in the 750 mg/kg/day
group survived to the scheduled necropsy.
Clinical observations in the 450 and 740mg/kg/day groups included yellow
discharge and red material around the urogenital area, red vaginal discharge
during the latter part of gestation. Dermal observations in 750mg/kg/day
females included slight to moderate erythema, very slight to slight edema and
desquamation. There were no dermal effects at 100 or 450mg/kg/day.
Maternal body weight and weight gains Significantly lower (p<0.01) mean body
weight gains were noted in the 450 and 750mg/kg/day groups at various
intervals during gestation and for the overall treatment period (gestation days 020). In addition, mean body weights in these groups were significantly (p<0.01
or p<0.05) lower than the vehicle control group on gestation days 9-20 at
450mg/kg/day (5.3% to 9.8% lower) and on gestation days 6-20 at 750
mg/kg/day (4.5% to 25.3% lower). Mean net body weights and net body weight
gains in the 450 and 750 mg/kg/day groups were also significantly (p<0.01 or
p<0.05) lower than the vehicle control group. Significantly (p<0.01) lower mean
gravid uterine weights noted in these groups were due to the decreased
number of viable fetuses and lower fetal weights. A substantial fraction of the
overall reduction in maternal weight gain could be attributed to fetal
mortality/resorptions but when this is removed statistically significant
diifferences are still seen at 450 and 750mg/kg
.
Sham
Vehicle
100mg/kg
450mg/kg
750mg/kg
control
control
Gravid
83.0 +
83.0 +
73.3 +
62.0 +
19.9 +
Uterine
22.16
11.71
18.86
18.96**
14.96**
Weight
Net
53.5 +
47.1 +
44.4 +
27.9 +
12.6 +
Extra15.77
13.40
17.81
22.60**
18.09**
Uterine
Wt Gain
Mean maternal body weights, body weight gains, net body weight, net body
weight gain, and gravid uterine weight in the 100 mg/kg/day group were similar
to the vehicle control group. Differences from the vehicle control group were
slight and not statistically significant. Lower mean food consumption in the 450
and 750mg/kg/day groups corresponded to the changes in body weight and
weight gain.
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Maternal organ weights and macroscopic findings: Lower mean thymus
weights (absolute and relative to brain weight) were noted in the 450 and 750
mg/kg/day groups compared to the vehicle control group; the differences were
significant (p<0.01) in the 750 mg/kg/day group. Mean absolute thymus
weights at 450 and 750 mg/kg/day were 16.7% and 53.7% lower, respectively,
than the vehicle control group. These findings correlated with smaller thymus
size in 5 females in the 750mg/kg group at macroscopic examination. Mean
liver weights (absolute and relative to brain weight) and absolute brain weights
in the 450 and 750 mg/kg/day groups were similar to the vehicle control group.
Laparohysterectomy findings and fetal weights [Table 1]: The examination of
uteri revealed that the number of gravid females was similar across groups.
There were no differences in numbers of corpora lutea or implantation sites.
The mean litter proportion of postimplantation loss (primarily early resorptions)
in the 450 and 750 mg/kg/day groups (19.4% and 79.1% per litter, respectively)
was higher than the vehicle control group (7.2% per litter). The difference was
significant (p<0.01) in the 750 mg/kg/day group when compared to the vehicle
control group. Five of the 23 surviving females in the 750 mg/kg/day group had
100% early resorptions; the female that was found dead also had an entirely
resorbed litter. Corresponding lower mean numbers and litter proportions of
viable fetuses were noted in the 450 and 750 mg/kg/day groups (12.5 and 3.3
fetuses per dam, respectively, and 80.6% and 20.9% per litter, respectively)
compared to the vehicle control group (14.4 fetuses and 92.8% per litter,
respectively). The differences were significant (p<0.01) in the 750 mg/kg/day
group when compared to the vehicle control group. Mean male, female, and
combined fetal weights in the 450 and 750 mg/kg/day groups were significantly
(p<0.01) lower than the vehicle control group. Intrauterine growth and survival
were unaffected by test substance administration at 100 mg/kg/day.
Differences from the vehicle control group were slight and not statistically
significant. Intrauterine growth and survival in the vehicle control group were
similar to the sham control group.
.
Table 1 Results of laparahysterectomy and fetal examination from
dams treated dermally with LCO
Minera
Sham
100
450
750
l Oil
Parameter
contro
mg/kg/da mg/kg/da mg/kg/da
Contro
l
y
y
y
l
Number of
25
25
25
25
23
Gravid Females
Corpora Lutea
417
413
407
428
391
Total
16.7 + 16.5 + 16.3 +
17.1 +
17.0 +
Mean + SD
2.4
2.3
2.7
3.4
2.8
Implantation
392
390
364
384
356
Sites Total
15.7 + 15.6 + 14.6 +
15.4 +
15.5 +
Mean + SD
2.6
2.4
3.6
3.6
3.0
Viable fetuses Mean + SD
6.6 +
Male
2.8
8.0
Female
+3.1
14.6 +
Total
3.8
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7.8 +
2.4
6.6 +
2.3
14.4 +
2.3

6.9 + 2.7

5.9 + 2.6

6.6 + 2.4

6.6 + 2.4

13.6 +
3.7

12.5 +
3.9

1.4 + 1.1*
1.9 +
2.7*
3.3 +
3.5*
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Resorptions Total/ group; Mean + SD
27
28
25
Early
1.1 +
1.1 +
1.0+ 1.2
1.6
1.2
1
Late
0
0.0 +
0
0.20
Postimplantatio 27
29
25
n losses
1.1 +
1.2 +
1.0 + 1.2
Total/group;
1.6
1.2
Mean + SD
Fetal weight Mean + SD
Male fetuses
3.8 +
(g)
0.23
Female fetuses 3.6 +
(g)
0.22
Combined Fetal 3.7 +
weight (g)
0.20

3.8 +
0.24
3.6 +
0.28
3.7 +
0.25

3.7 +
0.39
3.5 +
0.25
3.6 +
0.32

71
2.8 + 2.6
1
0.0 +
0.20
72
2.9 + 2.6

3.2 +
0.29**
3.0 +
0.36
3.1 +
0.30**

273
11.9 +
4.2
8
0.3 +
0.88
281
12.2 +
4.1

2.8 +
0.48**
2.5 +
0.46**
2.7 +
0.49**

Fetal Examinations: There were no test substance related external or visceral
malformations or variations and no test substance-related skeletal
malformations. Skeletal variations included reduced ossification of the skull,
unossified pubis, reduced ossification of the vertebral arches, metacarpal(s)
and/or metatarsal(s), unossified, sternebra(e) nos. 5 and/or 6, unco-ossified
vertebral centrum at higher incidence and at higher mean litter proportions in
the 450 and 750mg/kg groups than in the corresponding control groups. In
addition, these variations were found at levels outside the historical controls of
the testing laboratory (Table 2). Such delayed ossification and bone maturation
can be related to decreased fetal weight
Table 2: Skeletal variations in fetuses from dams treated dermally with
LCO

Conclusion:

Skeletal variation

Min.Oil
Control

100
mg/kg/day

450
mg/kg/day

750
mg/kg/day

Historical Control
Range

Reduced Ossification
(skull)

0 (0.0)

0 (0.0)

7 (2.9)

6 (14.7)

0.1 (0.0 – 1.0)

Pubis unossified

0 (0.0)

0 (0.0)

1 (0.3)

3 (3.6)

0.1 (0.0 – 2.3)

Reduced ossification
of vertebral arches

0 (0.0)

0 (0.0)

2 (0.8)

12 (22.5)

0.1 (0.0 – 1.1)

Metacarpal and/or
Metatarsal unossified

0 (0.0)

0 (0.0)

0 (0.0)

3 (4.0)

No Data
Available

Sternebra nos. 5
and/or 6 unossified

42
(10.8)

59 (18.1)

132 (42.6)**

46 (62.6)**

6.4 (0.0 – 26.1)

Sternebra nos. 1,2,3
and/or 4 unossified

1 (0.2)

1 (0.3)

8 (2.4)

3 (3.2)

0.2 (0.0 – 1.3)

Entire Sternum
Unossified

0 (0.0)

0 (0.0)

0 (0.0)

2 (2.8)

0.0 (0.0 – 0.4)

Unco-ossified
vertebral centra

0 (0.0)

0 (0.0)

0 (0.0)

4 (5.6)

0.0 (0.0 – 0.5)

Cervical Centrum no.
I ossified

35 (9.7)

71 (19.8)

14 (3.9)

6 (7.2)

20.4 (6.6 – 35.8)

The NOAEL for both maternal and fetal toxicity was 100mg/kg/day based on
decreased maternal weight and weight gain and decreased fetal body weight at
450 and 750mg/kg and maternal mortality and increased resorptions at
750mg/kg/day for dams treated dermally with LCCO from GD 0-19. LCCO
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acted at a fetal toxicant at levels which also produce maternal toxicity; fetal
effects were not a unique result of LCCO exposure. No soft tissue or skeletal
malformations were observed.
RELIABILITY/DATA QUALITY
Reliability:

1 - Reliable without restrictions

Reliability Remarks:

Conforms to standard US and OECD guidelines and GLPs. Sufficient detail
provided in appendices and tables

Key Study Sponsor Indicator:

Yes

REFERENCE
Reference:

WIL Laboratories 2012. A Dermal Prenatal Developmental Toxicity Study of
Distillates (Petroleum), Light Catalytic Cracked in Rats. WIL Study # 402017.
WIL Research Laboratories, LLC. 1407 George Road, Ashland, OH 448058946
API. 2008. PAC Analysis Task Group, “The relationship between the aromatic
ring class content and selected endpoints of repeat-dose and developmental
toxicity of high-boiling petroleum substances.”
http://www.petroleumhpv.org/pages/pac.html, accessed 31 Dec 2009

High Production Volume Information System (HPVIS)

DEVELOPMENTAL TOXICITY/TERATOGENICITY
TEST SUBSTANCE
Category
Chemical:
Test
Substance:
Test
Substance
Purity/Comp
osition
and Other
Test
Substance
Comments:

Category
Chemical
Result Type :
Unable to
Measure or
Estimate
Justification
:

68334-30-5
68334-30-5 Ultralow Sulfur Diesel Fuel [ULSD]
0

Ultralow Sulfur Diesel Fuel (CRU No. 120801) 170-325 C. Blend of 7 diesel fuels
26.4% total aromatics [21.8% mono-, 4.6% poly-aromatics] and 73% n-, iso-, and cyclo-paraffins
analyzed by supercritical fluid chromatography (ASTM D5186).
PAC (Polycyclic Aromatic Compound) Content
Sample
DMSO 1-ARC 2-ARC 3-ARC 4-ARC 5-ARC 6-ARC 7-ARC
1
2
#
wt.%
(%)
(%)
(%)
(%)
(%)
(%)
(%)
120801
2.8
0.1
2.2
0.6
0.00
0.00
0.00
0.00
1) Percent of DMSO-extractable PACs, determined by the PAC 2 method as described in API
(2008).
2) ARC is “aromatic ring class”. “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.
Measured

METHOD
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Route of
Administratio
n:
Other Route
of
Administratio
n:
Type of
Exposure:
Species:
Other
Species:
Mammalian
Strain:
Other Strain:
Gender:
Number of
Animals per
Dose:
Controls
Doses:
Year Study
Performed :
Method/Guid
eline
Followed:
GLP:
Exposure
Period:
Frequency of
Treatment:
PostExposure
Period:
Method/Guid
eline
and Test
Condition
Remarks:

Dermal, non-occluded

Not applicable

Developmental toxicity study
Rat
Not applicable
Sprague-Dawley Charles River Laboratories, Raleigh, NC
Not applicable
Females, presumed pregnant (non treated males used for mating)
25/group
Untreated [Sham} controls, vehicle control – USP mineral oil 1.5mL/kg
0, 100, 300, 600mg/kg/day
2012
OECD 414 Prenatal Developmental Toxicity Test; EPA OCSPP 870.3700 Prenatal Developmental
Toxicity Test
Yes
Gestation day 0-19, 6 hours/day
Once per day
none
Crl:CD(SD) sexually mature female rats [approx. 79 days old at receipt] were received in good
health from Charles River Laboratories, Inc., Raleigh, NC. The day following receipt, all animals
were weighed and clinical observations were recorded. Each rat was uniquely identified by a
®
Monel metal ear tag displaying the animal number and housed for 14 days for acclimation
purposes. During the acclimation period, the rats were observed twice daily for mortality and
changes in general appearance and behavior. Animals were acclimated to wearing Elizabethanstyle collars on an incremental basis, starting with approximately 1 hour and ending with
approximately 24 hours of acclimation, starting approximately 1 week prior to the initiation of dose
application. Animals were housed individually except during breeding in a room with a 12 hour
light/12 hour dark cycle and received food and water ad libitum. The room temperature and
0
0
humidity controls were set to maintain environmental conditions of 71 ± 5 F (22 ± 3 C) and 50 ±
20%, respectively.
Females were approximately 13 weeks old when paired for breeding with sexually mature untreated
male rats of same strain and source. Positive evidence of mating was confirmed by the presence of
a vaginal copulatory plug or the presence of sperm in a vaginal lavage and verified by a second
biologist. Each mating pair was examined daily. The day on which evidence of mating was
identified was termed gestation day 0 and the animals were separated. The bred females were
assigned to groups using a computer program which randomized the animals based on stratification
Page 345 of 363

Id Gas Oils

5. Toxicity

Date October 23, 2012

of the gestation day 0 body weights in a block design. Animals not assigned to study were
euthanized by carbon dioxide inhalation and discarded. Body weight values ranged from 219g to
304g on gestation day 0.
On the day prior to the initiation of dose administration, and as often as necessary thereafter, the
hair was clipped (in a manner that would not abrade the skin) from the dorsal scapular area;
repeated clippings were performed prior to or at least 2-4 hours after dose administration. A
different set of clippers was used for each group to avoid the potential for cross-contamination.
Ultralow sulfur diesel in mineral oil was applied once daily from gestation days 0 through 19 for 6
hours each day. Exposure levels were 100, 300, and 600 mg/kg/day administered at a dosage
volume of 1.5 mL/kg. The vehicle or test substance was applied evenly to the clipped, unabraded
skin and spread evenly using a glass rod (to ensure contact with an area of approximately 10% of
the total body surface area). At the end of the 6-hour exposure period, the test sites were gently
patted using a disposable paper towel in an effort to remove any remaining test substance or
vehicle from the skin. If needed, the test site could be gently patted with gauze moistened with
mineral oil and then patted again with dry gauze or a dry disposable paper towel.
All animals were observed twice daily for mortality and moribundity and clinical observations
recorded. Body weights and food consumption were recorded at GD 0, 3, 6, 9, 12, 15, 18, and 20.
Mean body weight changes were calculated for each interval and GD 0-20. Collars were removed
during weighing. Gravid uterine weight was collected and net body weight (the gestation day 20
body weight exclusive of the weight of the uterus and contents) and net body weight change (the
gestation day 0-20 body weight change exclusive of the weight of the uterus and contents) were
calculated and presented for each gravid female at the scheduled laparohysterectomy.
Pathology Maternal and developmental: On gestation day 20, females were euthanized by carbon
dioxide inhalation and a laparohysterectomy was performed on each surviving female. The cranial,
thoracic, abdominal, and pelvic cavities were opened and the contents examined. The uteri,
placentae, and ovaries were examined, and the numbers of fetuses, early and late resorptions, total
implantations, and corpora lutea were recorded. All implantation sites, including resorptions, were
numbered in consecutive order beginning with the left distal to the left proximal uterine horn, noting
the position of the cervix, and continuing from the right proximal to the right distal uterine horn.
Tissue retained were treated skin, untreated skin (right hind limb), liver, thymus, brain and all gross
lesions. Gravid uterine weights were recorded, and net body weights and net body weight changes
were calculated. The liver, brain, and thymus were weighed from all animals euthanized in extremis
or at the scheduled necropsy. Organ to brain weight ratios were calculated.
Intrauterine data were summarized using 2 methods of calculation. An example of each method of
calculation follows:
1.
Group Mean Litter Basis:

Postimplantation Loss/Litter

2.

=

No. Dead Fetuses,
Resorptions (Early/Late)/Group
No. Gravid Females/Group

Proportional Litter Basis:
Summation Per Group (%)

=

where
Postimplantation Loss/Litter (%)

=

Sum of Postimplantation Loss/Litter (%)
No. Litters/Group
No. Dead Fetuses,
Resorptions (Early/Late)/Litter
No. Implantation Sites/Litter

x 100

Fetal Evaluation: Each viable fetus was subjected to a visceral examination using a fresh dissection
technique to include 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.
Heads from approximately one-half of the fetuses in each litter were placed in Bouin's fixative for
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subsequent soft-tissue examination by the Wilson sectioning technique. The heads from the
remaining one-half of the fetuses were examined by a midcoronal slice. All carcasses were
eviscerated and fixed in 100% ethyl alcohol.
Following fixation in alcohol, each fetus was macerated in potassium hydroxide and stained with
Alizarin Red S and Alcian Blue and examined for skeletal malformations and developmental
variations.
External, visceral, and skeletal findings were recorded as developmental variations (alterations in
anatomic structure that are considered to have no significant biological effect on animal health or
body conformity and/or occur at high incidence, representing slight deviations from normal) or
malformations (those structural anomalies that alter general body conformity, disrupt or interfere
with normal body function, or may be incompatible with life).
The fetal developmental findings were summarized by: 1) presenting the incidence of a given
finding both as the number of fetuses and the number of litters available for examination in the
group; and 2) considering the litter as the basic unit for comparison and calculating the number of
affected fetuses in a litter on a proportional basis as follows:
Sum of Viable Fetuses Affected/Litter (%)
No. Litters/Group

Summation per Group (%) =
Where:
Viable Fetuses Affected/Litter (%) =

No. Viable Fetuses Affected/Litter
No. Viable Fetuses/Litter

x 100

Statistical Analysis: Mean maternal body weights (absolute and net), body weight changes
(absolute and net), and food consumption, gravid uterine weights, numbers of corpora lutea,
implantation sites, and viable fetuses, fetal body weights (separately by sex and combined), and
organ weights were subjected to a parametric one-way ANOVA to determine intergroup differences.
If the ANOVA revealed significant (p<0.05) intergroup variance, Dunnett's test or a two-sample ttest, as appropriate, was used to compare the test substance-treated groups to the vehicle control
group and the vehicle control group to the sham control group. Mean litter proportions (percent per
litter) of prenatal data (viable and nonviable fetuses, early and late resorptions, total resorptions,
pre- and postimplantation loss, and fetal sex distribution), total fetal malformations and developmental
variations (external, visceral, skeletal, and combined) and each particular external, visceral, and
skeletal malformation or variation were subjected to the Kruskal-Wallis nonparametric ANOVA test to
determine intergroup differences. If the ANOVA revealed significant (p<0.05) intergroup variance,
Dunn’s test was used to compare the test substance-treated groups to the vehicle control group
and the vehicle control group to the sham control group.
TEST RESULTS
Concentration ( LOAEL/LOAEC/NOAEL/NOAEC )
Type

Population:

Value
Description:

Value or Lower
Concentration:

LOAEL dermal

Maternal

=

NA

mg/kg/day

NOAEL dermal Maternal

=

600

mg/kg/day

LOAEL dermal

Offspring

=

NA

mg/kg/day

NOAEL dermal Offspring

=

600

mg/kg/day

Results Remarks:

Upper
Concentration:

Units:

All of the rats survived to scheduled termination without evidence of test
substance-related clinical findings. There were no dermal observations of note,
and there were no differences in weight gain during the gestational period.
There were no gross findings indicative of treatment-related effects, and
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weights of the target organs were similar across the treatment groups..
Laparohysterectomy findings and fetal weights [Table 1]: Intrauterine growth
and survival were unaffected by test substance administration at exposure
levels of 100, 300, and 600 mg/kg/day. Parameters evaluated included
postimplantation loss, live litter size, mean fetal body weights, and fetal sex
ratios. Mean numbers of corpora lutea and implantation sites and the mean
litter proportions of pre-implantation loss were similar between the vehicle
control and test substance-treated groups. Differences from the vehicle control
group were slight and not statistically significant. Intrauterine growth and
survival in the vehicle control group were similar to the sham control group.
Table 1 Results of laparahysterectomy and fetal examination
from dams treated dermally with ULSD
Minera
Sham
100
300
600
l Oil
Parameter
contro
mg/kg/da mg/kg/da mg/kg/da
Contro
l
y
y
y
l
Number of
Gravid
22
21
25
22
25
Females
Corpora Lutea 356
337
432
382
419
Total
16.2 + 16.0 + 17.3 +
17.4 +
1.68 +
Mean + SD
2.0
1.8
2.7
2.8
2.5
Implantation
346
317
401
353
391
Sites Total
15.7 + 15.1 + 16.0 +
16.0 +
15.6 +
Mean + SD
1.9
2.5
1.5
2.2
2.2
Viable fetuses Mean + SD
7.8 +
7.5 +
Male
2.1
2.6
7.4 +
6.9 +
Female
2.1
2.0
15.2 + 14.4 +
Total
1.7
2.4

7.1 + 2.2

7.4 + 2.2

7.8 + 2.1

7.6 + 2.3

7.6+ 2.0

7.2 + 1.8

14.78 +
1.9

15.0 +
2.9

15.0 +
2.3

22
1.0 + 1.7

17
0.7 + 1.0

Resorptions Total/group; Mean + SD
12
14
33
Early
0.5 +
0.7 +
1.3 + 1.2
0.7
0.7
Late

0+
0.0

0.0 +
0.22

0 + 0.0

1
0.0 +
0.21

0 + 0.0

Postimplanatio
n Losses
Total/group;
Mean + SD

12
0.5 +
0.7

15
0.7 +
0.8

33
1.3 + 1.2

23
1.0 + 1.7

17
0.7 + 1.1

3.8 +
0.23
3.7 +
0.25

3.8 +
0.25
3.6 +
0.25

3.8 +
0.30
3.6 +
0.27

3.8 +
0.31
3.6 +
0.26

3.8 +
0.21

3.7 +
0.23

3.7 +
0.28

3.7 +
0.28

Fetal weight Mean + SD
Male fetuses
3.9 +
(g)
0.28
Female
3.7 +
fetuses (g)
0.30
Combined
3.8 +
Fetal weight
0.29
(g)

Fetal Examinations:. There were few malformations or developmental variants)
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observed in this study, and no evidence that these variants were treatmentrelated
Conclusion:

NOAEL = 600mg/kg/day , the highest dose tested for maternal and fetal toxicity
based on the lack of maternal toxicity or effects on intrauterine growth and
survival and fetal morphology at any exposure level when ultra-low sulfur diesel
fuel was administered by dermal application to bred Crl:CD(SD) rats.

RELIABILITY/DATA QUALITY
Reliability:

1 - Reliable without restrictions

Reliability Remarks:

Conforms to standard US and OECD guidelines and GLPs. Sufficient detail
provided in appendices and tables

Key Study Sponsor Indicator:

Yes

REFERENCE
Reference:

5.9

WIL Laboratories 2012. A Dermal Prenatal Developmental Toxicity Study of
Ultra-Low Sulfur Diesel Fuel in Rats. WIL Study # 402014. WIL Research
Laboratories, LLC. 1407 George Road, Ashland, OH 44805-8946
API. 2008. PAC Analysis Task Group, “The relationship between the aromatic
ring class content and selected endpoints of repeat-dose and developmental
toxicity of high-boiling petroleum substances.”
http://www.petroleumhpv.org/pages/pac.html, accessed 31 Dec 2009

SPECIFIC INVESTIGATIONS

Type
Species
Sex
Strain
Route of admin.
No. of animals
Vehicle
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:

Initiation/promotion assay
Mouse
Male
CD-1
Dermal
30
Undiluted
1993
Yes
DGMK gas oil samples 1,6,7,9 & 11 (See section 1.1.1.)

Method

:

Five gas oil samples were investigated in this assay.
Groups of 30 male CD-1 mice were used for each treatment.
The following dosing regimes were used.
Assessment of tumor initiating potential
50 µl of each test material was applied undiluted to the shorn dorsal skin of
the mice for 5 consecutive days of the first week of the initiating period.
A promotor [TPA (12-0-tetradecanoylphorbol-13-acetate)] was then applied
twice a week (50 µg/animal, dissolved in 50 µl acetone) from week 4 to
week 28.
As a positive control, DMBA was applied once (50 µg/animal, dissolved in
50 µl acetone) on the first day of the administration period and then
followed by treatment with TPA as described above.
Assessment of tumor promoting potential
The animals were initiated by a single dose of DMBA (50 µg/animal
dissolved in 50 µl acetone).
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From week 4 to week 28, the test materials were applied undiluted twice a
week at a dose of 5 µg/animal, dissolved in 50 µl acetone.
As a positive control TPA was applied twice a week instead of the test
material.
Negative control animals were initiated with DMBA or acetone, followed by
promotion with acetone or TPA respectively.
During weeks 2 and 3 of the study, the animals were not treated allowing
for regression of possible skin alterations that may have occurred during
the initiating period.

Result

:

Body weights were determined once weekly and each week a detailed
examination of the skin was performed.
At the end of the study, the animals were assessed grossly, followed by
histopathology of the skin and all macroscopic lesions.
Survival of the animals was unaffected by exposure to the gas oil samples.
Body weights were only transiently reduced in the positive controls and
those treated with sample 7 (predominantly aromatic) and very slightly in
animals treated with sample 9 (predominantly saturates).
During the initiation phase, the gas oil samples caused slight to moderate
skin irritation consisting of reddening, scale formation, and/or erosions in all
the gas oil groups except the group treated with sample 11 (predominantly
saturates). Similar skin changes also occurred during the promotion phase.
During the two week recovery period between the initiation and promotion
phase the skin changes in all groups were found to be reversible.
There were no treatment-related clinical findings other than skin changes.
The number of animals with neoplastic findings in the treated skin at the
end of the study was follows:
Sample

No. of animals with
SCP* KAT** SCC***

Test for initiating activity
Predominantly aromatics
6
4
7
14
Predominantly saturates
1
2
9
5
11
0
Negative (Acetone/TPA)
Test for promoting activity
Predominantly aromatics
6
0
7
7
Predominantly saturates
1
1
9
0
11
0
Negative (DMBA/acetone)
Positive (DMBA/TPA) 30
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0
0

0
0

0
0
0
0

0
0
0
0

0
2

0
0

0
0
0
0
0

0
1
0
0
0

0

0
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*
**
***

SCP = Squamous cell papilloma
KAT = Keratoacanthoma
SCC = Squamous cell carcinoma
(47)

Endpoint
Study descr. in chapter
Reference
Type
Species
Sex
Strain
Route of admin.
No. of animals
Vehicle
Exposure period
Frequency of treatm.
Doses
Control group
Observation period
Result
Method
Year
GLP
Test substance

:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:
:

other: Initiation/promotion assay

Method

:

A sample of a diesel fuel was investigated in this assay.

mouse
male
CD-1
Dermal
30
other: undiluted

yes

1993
yes
other TS: Diesel fuel, DGMK Sample No. 22 (See section 1.1.1.)

50 µl of test material was applied
undiluted to the
shorn dorsal skin of
30 male CD-1 mice for 5 consecutive
days of
the first week of the initiating period.
Promoter:
TPA (12-0-tetradecanoylphorbol-13-acetate),
applied (5 µg/animal, dissolved in 50 µl
acetone) twice
a week from week 4 to week
28.
Initiator
DMBA (7,12-dimethylbenz(a)anthracene)
applied
once (50 µg/animal, dissolved in 50
µl acetone) on the
first day of the
initiating period.
The treatment groups were as follows:
Group

Treatment

0
1 negative control
2 negative control
Test for initiating activity
14
Test for promoting activity
15

Acetone/TPA
DMBA/Acetone
DMBA/TPA

The treatment regimes were:
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For assessing tumor initiating potential, the test material
was applied to the mice for 5 consecutive days during the
first week of the initiating period.
TPA was applied twice a week from week 4 to 28.
Body weights were determined once weekly and once each week
a detailed examination of the skin was performed.
At the end of the study, the animals were assessed grossly
followed by histopathology of the skin and all macroscopic
lesions.
Assessment of promoting activity
The animals were initiated with DMBA once on the first day
of the administration. From week 4 to 28 the test material
was applied to the mice twice a week.

Result

:

During weeks 2 and 3 of the study, i.e. between initiation
and promotion, the animals were untreated to allow a
regression of possible skin alteration.
The diesel fuel sample did not cause any body weight changes
compared to controls.
Survival of the animals was also unaffected by exposure to
the diesel fuel sample.
During the initiation phase, the diesel fuel sample caused
slight skin irritation consisting of reddening, scale
formation, and/or erosions in four of the 30 animals.
During the two week recovery period between the initiation
and promotion phase the skin changes were found to be
reversible.
Similar skin changes also occurred during the promotion
phase.
The number of animals with neoplastic findings in the
treated skin at the end of the study was follows:
Test group
0
1
2
14
15

treatment

No. of animals with
squamous cell papilloma
Acetone/TPA
0
DMBA/Actone
0
DMBA/TPA
30
Diesel fuel/TPA
0
DMBA/Diesel fuel
1

The authors concluded that the diesel fuel sample may be a
promotor.
29.07.2003

(84)
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