HPV CHEMICAL CATEGORY SUMMARY:

201-15731B

C5 NON-CYCLICS CATEGORY

APPENDIX I

ROBUST SUMMARIES OF STUDIES USED TO CHARACTERIZE THE
C5 NON-CYCLICS CATEGORY

PHYSICO-CHEMICAL ROBUST SUMMARIES

Melting Point

Test Substance Other TS [CAS # 513-35-9; 64742-83-2; 68410-97-9; 68476-
43-7; 68476-55-1; 68477-35-0; 68514-39-6; 68527-
11-7; 68527-19-5; 68603-00-9; 68603-03-2; 68606~
29-1; 68606-36-0; 68956-55-8; 78-79-5]

Method/Guideline Calculated values using MPBPWIN version 1.40, a subroutine

of the computer program EPIWIN version 3.04

Year (guideline) 1999

Type (test type) Not applicable

GLP Not applicable

Year (study performed) Not applicable

Test Conditions Melting Point is calculated by the MPBPWIN subroutine, which

¢  Note: Concentration prep., vessel
type, replication, test conditions.

is based on the average result of the methods of K. Joback and
Gold and Ogle.

Joback's Method is described in Joback, K.G. 1982. A Unified
Approach to Physical Property Estimation Using Multivariate

Statistical Techniques. In The Properties of Gases and Liquids,
Fourth Edition. 1987. R.C. Reid, J. M. Prausnitz and B.E. Poling,

Eds.

The Gold and Ogle Method simply uses the formula
Tm = 0.5839Tb, where Tm is the melting point in Kelvin and
Tb is the boiling point in Kelvin,

Results

Units/Value:

»  Note: Deviations from protocol
or guideline, analytical method.

Calculated and measured melting point data for representative
constituents of the C5 Non-Cyclics Category are listed below.
The data identify a potential melting point range for substances
represented by the 15 CAS numbers under Test Substance.
Substances in this category do not have a specific melting point
value. Actual melting point ranges for substances in this
category will vary dependent on their constituent composition.
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HPV CHEMICAL CATEGORY SUMMARY::

Commercid substancesin this category consst of both high
purity hydrocarbons and complex hydrocarbon reaction
products with a carbon number distribution that is
predominantly C5. The nine chemicals selected to represent the
melting point range of this category are C5 hydrocarbons that
can befound in substances identified by the 15 CAS numbers.
Condtituents representing category members were selected on
the basis of carbon number asidentified by the category name,
chemistry/structure, measured boiling point ranges for category
substances, olefinic process (didtillation) knowledge, and
percentage of the composition of the represented process
streams.

Substance Calculated Meesured*
Constituent MP (°C) MP(°C)
cis-butene-2 -120.4 -105.5
cis-pentene-2 -107.1 -140.2
3-methyl-1-butene -120.5 -168.5
1,4-pentadiene -109.8 -148.8
| sopentane -119.0 -159.9
Isoprene -118.9 -145.9
n-pentane -106.9 -129.7
2-methyl-2-butene -116.2 -133.7
cyclopentene -93.2 -1356.1

* Experimenta vaues from EPIWIN database.
The data represent a potential melting point range for substances
represented by the 15 CAS numbers under Test Substance.

Test Substance

The C5 Non-Cycdlics Category incdudesthe following CAS

numbers:

513-359 2-Butene, 2-methyl-

64742-83-2 Naphtha, petroleum, light steam-cracked

68410-97-9 Didtillates, petroleum, light distillate
hydrotreeting process, low-boailing

68476-43-7 Hydrocarbons, C4-6, C5-rich

68476-55-1 Hydrocarbons, C5-rich

68477-35-0 Didtillates, petroleum, C3-6, piperylene-rich

68514-39-6 Naphtha, petroleum, light steam-cracked,
isoprene-rich

68527-11-7 Alkenes, C5

68527-19-5 Hydrocarbons, C1-4, debutanizer fraction

68603-00-9 Didtillates, petroleum, therma cracked naphtha
and gasall

68603-03-2 Didillates, petroleum, thermd cracked naphtha
and gesail, extractive

68606-29-1 Hydrocarbons, C4 and C8, butene concentrator

by -product

68606-36-0 Hydrocarbons, C5-unsatd. rich, isoprene purifn.
by -product

68956-55-8 Hydrocarbons, C5-unsatd.

78795 1,3-Butadiene, 2-methyl-

C5 NON-CYCLICS CATEGORY




HPV CHEMICAL CATEGORY SUMMARY:: C5 NON-CYCLICS CATEGORY

C5 Non-Cyclics Category substances arise from production
processes associated with ethylene menufacturing. The 15 CAS
numbers are used to describe the ten process sreams arising
from the ethylene process and other associated C5 processes.
The process streams in this category consist of high purity
hydrocarbons or complex hydrocarbon resction productsthat are
predominantly C5 akanes or alkenes and predominantly non-
cyclic.

More information on the C5 Non-Cycdlics Category can be found
in the American Chemistry Council, Olefins Pand test plan for
this category (1).

1. OlinsPand, HPV Implementation Task Group. 2001.
High Production Volume (HPV) Chemicd Chdlenge
Program Test Plan For The C5 Non-Cydlics Category.
American Chemistry Council, Olefins Pand, HPV
Implementation Task Group. VA, USA.

Conclusion Based on cdlculated congtituent data, substancesin this
category can have amdting range of -93.2 to -120.5 °C. Based
on measured congtituent data, substancesin this category can
have amdting range of -105.5 to -168.5°C.

Rédliability (2) Rdliable with restrictions

The results include ca culated data based on chemicd structure
asmodded by EPIWIN and mesasured datafor specific
chemicdsascited inthe EPIWIN database. The datarepresent a
potential melting point range for substances represented by the
15 CAS numbers listed under Test Substance. This robust
summary has ardiability rating of 2 because the deta are not for
specific substancesin the C5 Non-Cyclics Category, but rather
for selected congtituents. These sdlected congtituents represent
al substances defined by this category and as such, this robust
summary represents a"key study™ for melting point range based
on condtituent data.

Reference EPIWIN. 1999. Edtimation Program Interface for Windows,
verson 3.04. Syracuse Research Corporation, Syracuse, NY,
USA. (Mdting pant values were caculated by the MPBPWIN
subroutine and meesured data came from the database in the
computer program.)




HPV CHEMICAL CATEGORY SUMMARY::

Boiling Point

Test Substance

Other TS[CAS# 513-35-9; 64742-83-2; 68410-97-9; 68476
43-7, 68476-55-1; 68477-35-0; 68514-39-6, 68527-
11-7; 68527-19-5; 68603-00-9; 68603-03-2; 68606-
29-1; 68606-36-0; 68956-55-8; 78-79-5]

M ethod/Guiddine

Cdculated vaues usng MPBPWIN version 1.40, asubroutine
of the computer program EPIWIN verson 3.04

Year (guideling) 1999

Type (test type) Not applicable
GLP Not applicable
Year (sudy performed) Not applicable
Egtimation Pressure 760 mmHg

Test Conditions

Note: Concentration prep., vesse
type, replication, test conditions.

Bailing Point is ca culated by the MPBPWIN subroutine, which
is based on the cdculation method of S. Stein and R. Brown in
"Estimation of Norma Boailing Points from Group
Contributions'. 1994. J. Chem. Inf. Comput. Sci. 34: 581-587.

Results

UnitsgValue:

Note: Deviations from protocol
or guideline, analytical method.

Cdculated and measured bailing point datafor representetive
congtituents of the C5 Non-Cyclics Category are listed below.
The dataidentify apotentia boiling point range for substances
represented by the 15 CAS numbers under Test Substance.
Substancesin this category do not have a specific boiling point
vaue Actud boiling point ranges for substancesin this
category will vary dependent on their congtituent composition.

Commercid substancesin this category consist of both high
purity hydrocarbons and complex hydrocarbon reaction
products with a carbon number distribution that is
predominantly C5. The nine chemicals selected to represent the
bailing point range of this category are C5 hydrocarbons that
can befound in substancesidentified by the 15 CAS numbers.
Condtituents representing category members were sdlected on
the basis of carbon number asidentified by the category name,
chemistry/structure, measured boiling point ranges for category
substances, olefinic process (ditillation) knowledge, and
percentage of the composition of the represented process
streams.

C5 NON-CYCLICS CATEGORY




HPV CHEMICAL CATEGORY SUMMARY:: C5 NON-CYCLICS CATEGORY

Substance Calculated Meesured*
Constituent BP(°C BP(°C
cis-butene-2 27.82 038
cis-pentene-2 53.97 36.3
3-methyl-1-butene 28.20 201
1,4-pentadiene 42.12 26.0
|sopentane 30.18 278
Isoprene 34.95 34.0
n-pentane 46.01 36.0
2-methyl-2-butene 46.92 385
cyclopentene 65.86 4.2

* Experimenta vaues from EPIWIN database.
The datarepresent a potentia bailing point range for substances
represented by the 15 CAS numbers under Test Substance.

Test Substance

The C5 Non-Cycdlics Category incdudesthe following CAS
numbers:

513-359 2-Butene, 2-methyl-

64742-83-2 Naphtha, petroleum, light steam-cracked

68410-97-9 Didtillates, petroleum, light ditillate
hydrotreeting process, low-boailing

68476-43-7 Hydrocarbons, C4-6, C5-rich

68476-55-1 Hydrocarbons, C5-rich

68477-35-0 Didtillates, petroleum, C3-6, piperylene-rich

68514-39-6 Naphtha, petroleum, light steam-cracked,
isoprene-rich

68527-11-7 Alkenes, C5

68527-19-5 Hydrocarbons, C1-4, debutanizer fraction

68603-00-9 Didtillates, petroleum, thermal cracked naphtha
and gasall

68603-03-2 Didillates, petroleum, thermd cracked naphtha
and gesail, extractive

68606-29-1 Hydrocarbons, C4 and C8, butene concentrator

by -product

68606-36-0 Hydrocarbons, C5-unsatd. rich, isoprene purifn.
by -product

68956-55-8 Hydrocarbons, C5-unsatd.

78795 1,3-Butadiene, 2-methyl-

C5 Non-Cycdlics Category substances arise from production
processes associated with ethylene manufacturing. The 15 CAS
numbers are used to describe the ten process sreams arisng
from the ethylene process and other associated C5 processes.
The process streams in this category consist of high purity
hydrocarbons or complex hydrocarbon reaction productsthat are
predominantly C5 akanes or akenes and predominantly non-
cydlic.

More information on the C5 Non-Cycdlics Category can be
found in the American Chemistry Council, Olefins Pand tet
plan for this category (1).




HPV CHEMICAL CATEGORY SUMMARY:: C5 NON-CYCLICS CATEGORY

1. OléfinsPand, HPV Implementation Task Group. 2001.
High Production Volume (HPV) Chemicd Chdlenge
Program Test Plan For The C5 Non-Cydlics Category.
American Chemistry Council, Olefins Pand, HPV
Implementation Task Group. VA, USA.

Conclusion Based on cdculated condtituent deta, substancesin this
category can have aboiling range of 27.82 10 65.86°C @ 760
mm Hg. Based on measured condtituent data, substancesin this
category can have abailing range of 0.8 t0 44.2°C @ 760 mm
Hg.

Rédliability (2) Rdliable with restrictions

The resultsinclude ca culated data based on chemica sructure
asmodded by EPIWIN and measured datafor specific
chemicdsascited inthe EPIWIN database. The datarepresent a
potentia boiling point range for substances represented by the
15 CAS numbers listed under Test Substance. This robust
summary hasardiahility rating of 2 because the dataare not for
gpecific substancesin C5 Non-Cyclics Category, but rather for
selected condtituents. These salected congtituents represent all
substances defined by this category and as such, this robust
summary represents a'key study” for boiling point range based
on condtituent data.

Reference EPIWIN. 1999. Edtimation Program Interface for Windows,
verson 3.04. Syracuse Research Corporation, Syracuse, NY,
USA. (Boailing point values were caculated by the MPBPWIN
subroutine and meesured data came from the database in the
computer program.)
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HPV CHEMICAL CATEGORY SUMMARY::

Bailing Point

Test Substance

Remarks Hydrotrested C5s (CAS No. 68602-79-9, didtillates, petroleum,
benzene unit hydrotreater depentanizer overheads) are Pyrolysis
C5s (obtained by didtillation from the ethylene production
process) that have been partiadly hydrogenated to reduce
diolefin content. The Paraffin/Olefin/Naphthaene/Arométic
(PONA) content of the sample tested was 30/61/8/0.1 and the
complex mixture consisted of 1,3-butadiene (7%6), isopentane
(8%), n-pentane (15%), cis- and trans-pentene-2 (12%), 2-
methyl-2-butene (8%), cyclopentene (22%0), cyclopentane (8%),
baance (20%). Alternative CAS numbersfor thetest substance
are 68410-97-9 and 68603-00-9. Thetest substance was stable
for the duration of the study.

Method

Method/guideline followed OECD Method 103

Test type Bailing temperature

GLP Yes

Year 2002

Results 235°Cto52.0°C

Bailing Point Main fractionsat 27.5°C and 40.5°C

Remarks The test substance boils over atemperature range of 23.5°C to
52°C and exhibits two main bailing temperatures of 27.5°C and
405°C.

Data Quality (1) Religble without restrictions

Reference Huntingdon Life Sciences Ltd. 2002. Physicochemical

properties. Project ID CSS/034. Huntingdon Life Sciences
Ltd., Cambridgeshire, England.

C5 NON-CYCLICS CATEGORY




HPV CHEMICAL CATEGORY SUMMARY::

Bailing Point

Test Substance

Remarks Pyrolysis C5s (CAS No. 68476-55-1, hydrocarbons, C5-rich)
are produced as a C5 hydrocarbons ditillate fraction from
pyrolysis gasoline obtained from ethylene production (steam
cracking process). The sample tested consisted of isoprene
(18%0), cis- and trans-pentadiene-1,3 (16%), cyclopentadiene +
dicyclopentadiene (14%), n-pentane (10%), cyclopentene (7%0),
2-methyl-2-butene (3%) and cyclopentane (1%). Thebdance
consgts of other hydrocarbons with smilar boiling points
(primarily C5s).
Alternative CAS numbersfor the test substance are 68476-43-7,
68527-19-5, 68603-00-9 and 68956-55-8.
The three mgjor components analysed were shown tobe stable
for the duration of the study.

Method

Method/guiddine followed OECD Method 103

Test type Bailing temperature

GLP Yes

Year 2002

Results 250°Cto56.5°C

Bailing Point Main components at 37.0°C and 47.0°C

Remarks The test substance has two main boiling temperatures of 36.8°C
and 46.9°C where a continuous string of bubblesis observed.
Apart from these temperatures, between 24.8°C and 56.5°Ca
dow release of bubbles (one a atime) was observed coming
from the tube.

Data Quality (1) Religble without restrictions

Reference Huntingdon Life Sciences Ltd. 2002. Physicochemica

properties. Project ID CSS035. Huntingdon Life Sciences Ltd.,
Cambridgeshire, England.
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HPV CHEMICAL CATEGORY SUMMARY::

Partition Coefficient

Test Substance

Other TS[CAS# 513-35-9; 64742-83-2; 68410-97-9; 68476
43-7, 68476-55-1; 68477-35-0; 68514-39-6, 68527-
11-7; 68527-19-5; 68603-00-9; 68603-03-2; 68606-
29-1; 68606-36-0; 68956-55-8; 78-79-5]

M ethod/Guiddine

Cdculated vaues usng KOWWIN version 1.65, asubroutine of
the computer program EPIWIN verson 3.04

Year (guideling) 1999
Type (test type) Not applicable
GLP Not applicable
Year (sudy performed) Not applicable
Egtimation Temperature 25°C

Test Conditions

Note: Concentration prep., vesse
type, replication, test conditions.

Octanol / Water Partition Coefficient is caculated by the
KOWWIN subrouting, which is based on an atom/fragment
contribution method of W. Meylan and P. Howard in

" Atom/fragment contribution method for estimating octanol -
water partition coefficients'. 1995. J. Pharm. Sii. 84:83-92.

Results

UnitsgValue:

Note: Deviations from protocol
or guideline, analytical method.

Cdculated and meesured log K,y datafor representetive
congtituents of the C5 Non-Cyclics Category are listed below.
The dataidentify apotentid log Ko,y range for substances
represented by the 15 CAS numbers under Test Substance.
Substancesin this category do not have a specific log Koy, vaue.
Actud log Koy, ranges for substancesin this category will vary
dependent on their constituent conmposition.

Commercid substancesin this category consist of both high
purity hydrocarbons and complex hydrocarbon reaction
products with a carbon number distribution that is
predominantly C5. The nine chemicals selected to represent the
log Kow range of this category are C5 hydrocarbons can be
found in substances identified by the 15 CAS numbers.
Condtituents representing category members were sdlected on
the basis of carbon number asidentified by the category name,
chemistry/structure, measured bailing point ranges for category
substances, dlefinic process (digtillation) knowledge, and
percentage of the composition of the represented process
streams.
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HPV CHEMICAL CATEGORY SUMMARY::

Substance Calculated Meesured*
Constituent log Kow @ 25°C log Kow @ 25°C
cis-butene-2 2.09 231
cis-pentene-2 2.58 na
3-methyl-1-butene 2.59 na
1,4-pentadiene 252 248
|sopentane 2.72 na
Isoprene 2.58 242
n-pentane 2.80 339
2-methyl-2-butene 264 267
cyclopentene 247 na

* Experimenta vauesfrom EPIWIN database.
na=not available
The datarepresent apotentid log K,y range for substances
represented by the 15 CAS numbers under Test Substance.

Test Substance

The C5 Non-Cycdlics Category incdudesthe following CAS
numbers:

513-359 2-Butene, 2-methyl-

64742-83-2 Naphtha, petroleum, light steam-cracked

68410-97-9 Didtillates, petroleum, light ditillate
hydrotreeting process, low-boailing

68476-43-7 Hydrocarbons, C4-6, C5-rich

68476-55-1 Hydrocarbons, C5-rich

68477-35-0 Didtillates, petroleum, C3-6, piperylene-rich

68514-39-6 Naphtha, petroleum, light steam-cracked,
isoprene-rich

68527-11-7 Alkenes, C5

68527-19-5 Hydrocarbons, C1-4, debutanizer fraction

68603-00-9 Didtillates, petroleum, thermal cracked naphtha
and gasall

68603-03-2 Didillates, petroleum, thermd cracked naphtha
and gasall, extractive

68606-29-1 Hydrocarbons, C4 and C8, butene concentrator

by -product

68606-36-0 Hydrocarbons, C5-unsatd. rich, isoprene purifn.
by -product

68956-55-8 Hydrocarbons, C5-unsatd.

78795 1,3-Butadiene, 2-methyl-

C5 Non-Cyclics Category substances arise from production
processes associated with ethylene manufacturing. The 15 CAS
numbers are used to describe the ten process dreams arisng
from the ethylene process and other associated C5 processes.
The process streamsiin this category consist of high purity
hydrocarbons or complex hydrocarbon reaction productsthat are
predominantly C5 akanes or dkenes and predominantly non-
cydlic.

More information on the C5 Non-Cycdlics Category can be found
in the American Chemistry Council, Olefins Panel

test plan for this category (1).
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HPV CHEMICAL CATEGORY SUMMARY:: C5 NON-CYCLICS CATEGORY

1. OléfinsPand, HPV Implementation Task Group. 2001.
High Production Volume (HPV) Chemicd Chdlenge
Program Test Plan For The C5 Non-Cydlics Category.
American Chemistry Council, Olefins Pand, HPV
Implementation Task Group. VA, USA.

Conclusion Based on cd culated condtituent data, substancesin this
category can have alog K, range of 2.09 to 2.80 @ 25°C.
Based on measured condtituent data, substancesin this category
can havealog K, range of 2.31103.39 @ 25°C.

Rdiability (2) Rdiable with restrictions

The resultsinclude calculated deta based on chemical Sructure
asmoddled by EPIWIN and messured datafor specific
chemicasascited in the EPIWIN database. The datarepresent a
potentia log Ko,y range for substances represented by the 15
CAS numbers under Test Subgtance. Thisrobust summary hasa
reliability rating of 2 because the dataare not for specific
substances in the C5 Non-Cyclics Category, but rather for
sdlected constituents. These selected constituents represent dl
substances defined by this category and as such, this robust
summary represents a"key study" for log Ko, range based on
condtituent data.

Reference EPIWIN. 1999. Edtimation Program Interface for Windows,
verson 3.04. Syracuse Research Corporation, Sy racuse, NY,
USA. (Log Koy Vaueswere cdculated by the KOWWIN
subroutine and measured deta came from the database in the
computer program.)
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HPV CHEMICAL CATEGORY SUMMARY::

Partition Coefficient

Test Substance
Remarks

Method

Method/guideline followed
Test type

GLP

Yexr

Results

Partition coefficient
Remarks

Data Quality

Reference

Hydrotrested C5s (CAS No. 68602-79-9, didtillates, petroleum,
benzene unit hydrotreater depentanizer overheads) are Pyrolysis
C5s (obtained by didtillation from the ethylene production
process) that have been partiadly hydrogenated to reduce
diolefin content. The Paraffin/Olefin/Naphthaene/Arométic
(PONA) content of the sample tested was 30/61/8/0.1 and the
complex mixture condsted of 1,3-butadiene (7%6), isopentane
(8%), n-pentane (15%), cis- and trans-pentene-2 (12%), 2-
methyl-2-butene (8%), cyclopentene (22%0), cyclopentane (8%),
baance (20%). Alternative CAS numbersfor thetest substance
are 68410-97-9 and 68603-00-9.

The test substance was stable for the duration of the study.

OECD Method 117 (HPLC Method)
Partition coefficient

Yes

2002

log P=arangebetween 264 and 4.21 & 21.5°C

(1) Religble without restrictions

Huntingdon Life Sciences Ltd. 2002. Physicochemica
properties. Project ID CSS034. Huntingdon Life Sciences
Ltd., Cambridgeshire, England.
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HPV CHEMICAL CATEGORY SUMMARY::

Partition Coefficient

Test Substance
Remarks

Method

Method/guiddine followed
Test type

GLP

Year

Results

Partition coefficient
Remarks

Data Quality

Reference

Pyrolysis C5s (CAS No. 68476-55-1, hydrocarbons, C5-rich)
are produced as a C5 hydrocarbons ditillate fraction from
pyrolysis gasoline obtained from ethylene production (steam
cracking process). The sampletested consisted of isoprene
(18%0), cis- and trans-pentadiene-1,3 (16%), cyclopentadiene +
dicyclopentadiene (14%), n-pentane (10%), cyclopentene (7%0),
2-methyl-2-butene (3%0) and cyclopentane (1%0). The baance
consists of other hydrocarbons with smilar boiling points
(primarily C5s).

Alternative CAS numbers for the test substance are 68476-43-7,
68527-19-5, 68603-00-9 and 68956-55-8.

The three mgor components anaysed were shown to be stable
for the duration of the study.

OECD Method 117 (HPLC Method)
Partition coefficient

Yes

2002

log P=arange between 319 and 325 & 21°C

(1) Rdliable without restrictions

Huntingdon Life Sciences Ltd. 2002. Physicochemica
properties. Project ID CSS035. Huntingdon Life Sciences Ltd.,

Cambridgeshire, England.
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HPV CHEMICAL CATEGORY SUMMARY:: C5 NON-CYCLICS CATEGORY

Vapor Pressure

Test Substance Other TS[CAS# 513-35-9; 64742-83-2; 68410-97-9; 68476
43-7, 68476-55-1; 68477-35-0; 68514-39-6, 68527-
11-7; 68527-19-5; 68603-00-9; 68603-03-2; 68606-
29-1; 68606-36-0; 68956-55-8; 78-79-5]

Method/Guiddine Cdculated vaues usng MPBPWIN version 1.40, asubroutine
of the computer program EPIWIN verson 3.04

Year (guideline) 1999

Type (test type) Not applicable

GLP Not applicable

Year (sudy performed) Not applicable

Egtimation Temperature 25°C

Test Conditions Vapor Pressureis caculated by the M PBPWIN subroutine,

which is based on the average result of the methods of Antoine
Note: Concentration prep., vesse and Grain. Both methods use boiling point for the calculation.
type, replication, test conditions.
The Antoine Method is described in the Handbook of Chemical
Property Edtimation. Chapter 14. W.J. Lyman, W.F. Reehl and
D.H. Rosenblait, Eds. Washington, D.C.: American Chemica
Society. 1990.

A modified Grain Method is described on page 31 of Nedy and

Blau's Environmental Exposure from Chemicds, Volume 1,
CRC Press. 1985.

Results Cd culated and measured vapor pressure deta for representetive
congtituents of the C5 Non-Cyclics Category are listed below.
Units/'Value: The data identify a potentia vapor pressure range for substances
represented by the 15 CAS numbers under Test Substance.

Note: Deviations from protocol Substances in this category do not have a specific vapor

or guiddline, analytical method. pressurevalue. Actua vapor pressure ranges for substancesin
this category will vary dependent on their congtituent
composition.

Commercid substancesin this category consst of both high
purity hydrocarbons and complex hydrocarbon reaction
products with a carbon number distribution that is
predominantly C5. The nine chemicals selected to represent the
vapor pressure range of this category are C5 hydrocarbons that
can be found in substancesidentified by the 15 CAS numbers.
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HPV CHEMICAL CATEGORY SUMMARY::

Condtituents representing category members were selected on
the basis of carbon number asidentified by the category name,
chemidtry/structure, measured boiling point ranges for category
substances, alefinic process (digtillation) knowledge, and
percentage of the composition of the represented process
sreams.

Substance Cdculated VP Messured* VP
Constituent (hPa @ 25°C) (hPa@ 25°C)
dis-butene- 2 231E 23E
dis-pentene-2 6.76 E 6.75F
3-methyl-1-butene 120 B 120
1,4-pentadiene 9.79 B 997 F
Isopentane 917 B 9.19F
Isoprene 7.35 B 7.33F
n-pentane 6.84 6.85 E
2-methyl-2-butene 6.24 B 6.24 F
cyclopentene 5.06 B 5.06 E?

* Experimenta values from EPIWIN database.

The data represent a potentia vapor pressure range for
substances represented by the 15 CAS numbers under Test
Subgtance.

Test Substance

The C5 Non-Cydlics Category includesthe following CAS
numbers

513-359 2-Butene, 2-methyl-

64742-83-2 Naphtha, petroleum, light steam-cracked

68410-97-9 Didtillates, petroleum, light ditillate
hydrotresting process, low-boiling

68476-43-7 Hydrocarbons, C4-6, C5-rich

68476-55-1 Hydrocarbons, C5-rich

68477-35-0 Didtillates, petroleum, C3-6, piperylene-rich

68514-39-6 Naphtha, petroleum, light steam-cracked,
isoprene-rich

68527-11-7 Alkenes, C5

68527-19-5 Hydrocarbons, C1-4, debutanizer fraction

68603-00-9 Didtillates, petroleum, thermal cracked naphtha
and gasail

68603-03-2 Didtillates, petroleum, therma cracked naphtha
and gasail, extractive

68606-29-1 Hydrocarbons, C4 and C8, butene concentrator

by-product

68606-36-0 Hydrocarbons, C5-unsatd. rich, isoprene purifn.
by -product

68956-55-8 Hydrocarbons, C5-unsatd.

78-79-5 1,3-Butadiene, 2-methyl-

C5 Non-Cydlics Category substances arise from production
processes asociated with ethylene manufacturing. The 15 CAS
numbers are used to describe the ten process sreams arising
from the ethylene process and other associated C5 processes.
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The process sreams in this category consist of high purity
hydrocarbons or complex hydrocarbon reaction products

that are predominantly C5 alkanes or akenes and predominantly
non-cydlic.

More information on the C5 Non-Cydlics Category can be found
in the American Chemistry Council, Olefins Pand test plan for
this category (1).

1. OléinsPand, HPV Implementation Task Group. 2001.
High Production Volume (HPV) Chemica Chdlenge
Program Test Plan For The C5 Non-Cycdlics Category.
American Chemistry Council, Olefins Pand, HPV
Implementation Task Group. VA, USA.

Conclusion Based on cdculated condtituent deta, substancesin this
category can have avapor pressure range of 1.65 B to 3.45 E°
hPa @ 25°C. Based on measured condtituent data, substances
in this category can have avapor pressure range of 1.68 E° to
308 E hPa@ 25°C.

Reliability (2) Reliable with redtrictions

The resultsinclude ca culated data based on chemicad structure
asmodded by EPIWIN and mesasured datafor specific
chemicasascited in the EPIWIN database. The datarepresent a
potentia vapor pressure range for substances represented by the
15 CAS numbers under Test Substance. This robust summary
has ardiability rating of 2 because the dataare not for specific
substances in the C5 Non-Cyclics Category, but rather for
selected condtituents. These sdlected congtituents represent all
substances defined by this category and as such, this robust
summary represents akey study” for vapor pressure range
based on condtituent data.

Reference EPIWIN. 1999. Egtimetion Program Interface for Windows,
verson 3.04. Syracuse Research Corporation, Syracuse, NY,,
USA. (Vapor pressure vaues were calculated by the MPBPWIN
subroutine and meesured data came from the database in the
computer program.)




HPV CHEMICAL CATEGORY SUMMARY::

Vapor Pressure

Test Substance
Remarks

Method

Method/guideline followed
Test type

GLP

Year

Results

Vapour pressure
Remarks

Data Quality

Reference

Hydrotrested C5s (CAS No. 68602-79-9, didtillates, petroleum,
benzene unit hydrotreater depentanizer overheads) are Pyrolysis
C5s (obtained by didtillation from the ethylene production
process) that have been partially hydrogenated toreduce
diolefin content. The Paraffin/Olefin/Naphthaene/Arométic
(PONA) content of the sample tested was 30/61/8/0.1 and the
complex mixture conssted of 1,3-butadiene (7%6), isopentane
(8%), n-pentane (15%), cis- and trans-pentene-2 (12%), 2-
methyl-2-butene (8%0), cyclopentene (22%), cyclopentane (8%),
baance (20%). Alternative CAS numbersfor thetest substance
are 68410-97-9 and 68603-00-9. Thetest substance was stable
for the duration of the study.

OECD Method 104
Vapour Pressure
Yes

2002

82260 Paa 25°C (617 mm Hg)

(1) Religble without restrictions

Huntingdon Life Sciences Ltd. 2002. Physicochemica
properties. Project ID CSS/034. Huntingdon Life Sciences
Ltd., Cambridgeshire, England.
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Vapor Pressure

Test Substance
Remarks

Method

Method/guiddline followed
Test type

GLP

Yea

Results

Vapour pressure
Remarks

Data Quality

Reference

Pyrolysis C5s (CAS No. 68476-55-1, hydrocarbons, C5-rich)
are produced as a C5 hydrocarbons ditillate fraction from
pyrolysis gasoline obtained from ethylene production (steam
cracking process). The sample tested consisted of isoprene
(18%0), cis- and trans-pentadiene-1,3 (16%), cyclopentadiene +
dicyclopentadiene (14%), n-pentane (10%), cyclopentene (7%0),
2-methyl-2-butene (3%) and cyclopentane (1%). Thebdance
consgts of other hydrocarbons with smilar boiling points
(primarily C5s).

Alternative CAS numbersfor the test substance are 68476-43-7,
68527-19-5, 68603-00-9 and 68956-55-8.

The three mgjor components anaysed were shown to be stable
for the duration of the study.

OECD Method 104
Vapour Pressure
Yes

2002

58484 Paat 25°C

(1) Rdliable without restrictions

Huntingdon Life Sciences Ltd. 2002. Physicochemica
properties. Project ID CSS035. Huntingdon Life Sciences Ltd.,
Cambridgeshire, England.
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Water Solubility

Test Substance

Other TS[CAS# 513-35-9; 64742-83-2; 68410-97-9; 68476
43-7, 68476-55-1; 68477-35-0; 68514-39-6, 68527-
11-7; 68527-19-5; 68603-00-9; 68603-03-2; 68606-
29-1; 68606-36-0; 68956-55-8; 78-79-5]

M ethod/Guiddine

Cdculated vduesusing WSKOWWIN verson 1.36, a
subroutine of the computer program EPIWIN version 3.04

Year (guideling) 1999
Type (test type) Not applicable
GLP Not applicable
Year (sudy performed) Not applicable
Egtimation Temperature 25°C

Test Conditions

Note: Concentration prep., vesse
type, replication, test conditions.

Water Solubility is caculated by the WSKOWWIN subroutine,
which is based on a Kow correlation method described by W.
Meylan, P. Howard and R. Boethling in "'Improved method for
estimating water solubility from octanol/water partition
coefficient”. Environ. Toxicol. Chem 15:100-106. 1995.

Results

UnitsValue:

Note: Deviations from protocol
or guideline, analytical method.

Calculated and measured water solubility datafor representative
congtituents of the C5 Non-Cyclics Category arelisted below.
The data identify a potentia water solubility range for
substances represented by the 15 CAS numbers under Test
Subgtance. Subgtancesin this category do not have a specific
water solubility value. Actuad weter solubility ranges for
substancesin this category will vary dependent on their loading
rate (i.e., weight of test material added to avolume of water).

Commercid substancesin this category consist of both high
purity hydrocarbons and complex hydrocarbon reaction
products with a carbon number distribution that is
predominantly C5. The nine chemicas sdected to represent the
water solubility range of this category are C5 hydrocarbons that
can be found in substances identified by the 15 CAS numbers.
Condtituents representing category members were sdlected on
the basis of carbon number asidentified by the category name,
chemigtry/structure, measured boiling point ranges for category
substances, olefinic process (ditillation) knowledge, and
percentage of the composition of the represented process
streams.

C5 NON-CYCLICS CATEGORY
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Substance Calculated WS Messured WS*
Constituent (mg/L_@ 25°C) (mglL @ 25°C)
cis-butene-2 652.7 4235
cis-pentene-2 245.1 na
3-methyl-1-butene 242.7 na
1,4-pentadiene 278.2 3009
|sopentane 184.6 na
Isoprene 247.2 3386
n-pentane 159.7 49.8
2-methyl-2-butene 218.7 206.1
cyclopentene 307.2 na

* Experimentd vaues from EPIWIN database.
na=not available
The data represent a potential water solubility range for
substances represented by the 15 CAS numbers under Test
Subgtance.

Test Substance

The C5 Non-Cyclics Category includesthe following CAS
numbers:

513-35-9 2-Butene, 2-methyl-

64742-83-2 Naphtha, petroleum, light steam-cracked

68410-97-9 Didtillates, petroleum, light ditillate
hydrotreeting process, low-boiling

68476-43-7 Hydrocarbons, C4-6, C5-rich

68476-55-1 Hydrocarbons, C5-rich

68477-35-0 Didtillates, petroleum, C3-6, piperylene-rich

68514-39-6 Naphtha, petroleum, light steam-cracked,
isoprene-rich

68527-11-7 Alkenes, C5

68527-19-5 Hydrocarbons, C1-4, debutanizer fraction

68603-00-9 Didtillates, petroleum, thermal cracked naphtha
and gasall

68603-03-2 Didtillates, petroleum, thermal cracked naphtha
and gasail, extractive

68606-29-1 Hydrocarbons, C4 and C8, butene concentrator

by-product

68606-36-0 Hydrocarbons, C5-unsatd. rich, isoprene purifn.
by-product

68956-55-8 Hydrocarbons, C5-unsatd.

78-79-5 1,3-Butadiene, 2-methyl-
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C5 Non-Cyclics Category substances arise from production
processes asociated with ethylene manufacturing. The 15 CAS
numbers are used to describe the ten process sreams arising
from the ethylene process and other associated C5 processes.
The process streams in this category consist of high purity
hydrocarbons or complex hydrocarbon reaction productsthat are
predominantly C5 alkanes or alkenes and predominantly non-
cydic.

More information on the C5 Non-Cyclics Category can be found
in the American Chemistry Council, Olefins Pand test plan for
this category (1).

1. OléfinsPand, HPV Implementation Task Group. 2001.
High Production Volume (HPV) Chemicd Chdlenge
Program Test Plan For The C5 Non-Cycdlics Category.
American Chemistry Council, Olefins Pand, HPV
Implementation Task Group. VA, USA.

Conclusion Based on cdculated condtituent deta, substancesin this
category can have awater solubility range of 159.7 to 652.7
mg/L @ 25°C. Based on measured condtituent data, substances
in this category can have awater solubility range of 49.8 to
4235 mg/L @ 25°C.

Rdiability (2) Rdliable with restrictions

The resultsinclude calculated data based on chemical sructure
asmodded by EPIWIN and measured data for specific
chemicdsascited inthe EPIWIN database. The datarepresent a
potentia water solubility range for substances represented by
the 15 CAS numbers under Test Substance. This robust
summary has ardiability rating of 2 because the deta are not for
specific substancesin the C5 Non-Cyclics Category, but rather
for selected congtituents. These selected constituents represent
dl substances defined by this category and as such, this robust
summary representsakey study” for water solubility range
based on condtituent data.

Reference EPIWIN. 1999. Estimation Program Interface for Windows,
verson 3.04. Syracuse Research Corporation, Syracuse, NY,
USA. (Water solubility valueswere caculated by the
WSKOWWIN subroutine and mesesured deta came from the
database in the computer program.)
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ENVIRONMENTAL FATE ROBUST SUMMARIES

Photodegradation (Dir ect)

Test Substance Other TS[CAS# 513-35-9; 64742-83-2; 68410-97-9; 63476
43-7, 68476-55-1; 68477-35-0; 68514-39-6, 68527-
11-7; 68527-19-5; 68603-00-9; 68603-03-2; 68606-
29-1; 68606-36-0; 68956-55-8; 78-79-5]

Method/Guidedine Other: Technical discussion
Year (guideline) Not gpplicable
GLP(Y/N) Not gpplicable
Year (study performed) Not gpplicable
Type (air, soil, water, other) Water

Light Source Not applicable
Light Spectrum Not applicable

Wave length value (upper /lower)

Rdative I ntensity Not gpplicable
Test Substance Spectrum Not gpplicable
Test Conditions Not gpplicable

Note: Concentration,
temperature, test system type,
replication, deviationsfrom
guideineor protocol

Direct Photolysis Summary
Results: half-life, % degradation, In the environment, direct photolysis will not significantly
quantum yield contribute to the degradation of congiituent chemicas in the C5

Non-Cydlics Category (C5 refers to a chemicd with 5 carbons).
The C5 Non-Cyclics Category includes ten process streams.

Pyrolysis C5s

Hydrotreated C5s

Pentenes

Piperylene Concentrate

|soprene Concentrate

| soprene-Piperylene Concentrate
Isoprene, High Purity
2-Methyl-2-Butene

Metathesis Byproduct

Fifteen CAS numbers (see Test Substance) identify substances
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derived from these process streams.  As discussed below, the
reaction process involved in direct photolysis occurs when
aufficient light energy excites amolecule to the degree that a
Structura transformation occurs. In generd, substancesin this
category do not contain component chemicalsthat will undergo
direct photolysis.

The C5 Non-Cydlics Category

A process stream isamixture of chemicasthat arisesfroma
chemica reaction or separation activity. The process streamsin
this category consist of both high purity hydrocarbons and
complex hydrocarbon reaction products that are predominantly
C5 dkanes or dkenes (with the exception of the Metathesis
Byproduct stream which has 51% hexenes) and predominantly
non-cydlic. All but two of these streams contain isoprene. The
two streams without isoprene contain components such as 2-
methyl-2-butene and pentenes, which are found in other
dreamsin the category. That iswhy this groupisconddered a
category for purposes of the High Production Volume (HPV)
Chemicd Program, and designated C5 Non-Cyclics.,

The definitionsfound in the TSCA Chemica Substance
Inventory for the CAS numbersincluded in thisgroup are
vague with respect to composition. Therefore, it is possible to
find that the same CAS number is correctly used to describe
different streams (compositions) or that two or more different
CAS numbers are used to describe the same stream
(composition or process).

C5 Non-Cydlics streams arise from production processes
asociated with ethylene manufacturing. More information on
the C5 Non-Cydlics category can be found in the American
Chemistry Council, Olefins Pandl test plan for this category
(1). The plan isavailable on the U.S. Environmenta Protection
Agency website under the HPV Chemica Program. A brief
description of the production and composition of the ten
process streamsin this category are:

Pyrolysis C5s consigt of ahydrocarbon digtillate fraction
separated from pyrolysis gasoline (the C5+ portion of the
cracked gasin the ethylene process). The carbon number
digtribution of the product is predominantly C5, but the
stream a0 typicaly containsrelatively low levels of the
higher boiling C4 substances (e.g. 1,2-butadiene) aswdl as
low levels of the more volatile C6 hydrocarbons. Benzene
content istypicaly 0.25% and present in the ditillate
largely due to azeotropes of benzene with other
hydrocarbon speciesin the complex mixture. The 1,3-
butadiene content istypicaly 1%. The stream contains
significant levels of olefins, diolefinsand cyclics.

Hydrotreated C5sresult from hydrogenation of Pyrolysis
C5sover catays. Typicdly the stream that is charged to
the hydrogenation reactor is a broader bailing range stream
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C5 NON-CYCLICS CATEGORY

very low.

than the C5 fraction. For example, afull range pyrolysis
gasoline may be hydrotreated and the resulting product then
fractionated to produce the Hydrotreated Cbs as a didtillate
fraction. The hydrogenation process may be either aone-
stage or two-stage process. The one-stage processis
typically aliquid-phase process where the primary
objectiveisto sdlectively convert diolefins to monool fins.
The two-stage processistypically avapor-phase, more
severe hydrogenation that converts monoolefinsto
paraffins. Typicaly, Hydrotreated C5s are subject only to
one-stage hydrogenation because the product is intended for
use in gasoline where the monoolfins are desired
components. Similar to Pyrolysis C5s, Hydrotreated C5s
have a carbon number digtribution that is predominantly
C5, and contain low levels of the higher boilingC4
ubstances aswell aslow levels of the more volatile C6
hydrocarbons. Benzene content istypically 1%. Unlike
pyrolysis C5s, the diolefin content in Hydrotrested C5sis

Pentenesisthe ditillate that is sometimes removed during
the fractionation of Pyrolysis C5sinto concentrates of the
reactive diolefins: isoprene, piperylene (1,3-pentadiene) and
cyclopentadiene (as dimer). The stream has acarbon
number distribution that is predominantly C4-C5,
consigting in part of iso-pentane and the more volatile
pentenes such as 1-pentene, with about 1-3% isoprene. The
stream typically contains the C4 compounds that were
prsent in the Pyrolysis C5s, including 1,3-butadiene.
Alternately, Penetenes can be removed later in the
processing, for example by didtillation of the 1soprene
Concentrete.

Piperylene Concentrate is produced from Pyrolysis C5s
by first "heet soaking" the stream in order to dimerize 1,3
cyclopentadiene (CPD). The heet soak produces amixture
of CPD dimer and codimers (DCPD Concentrate) that can
be removed as a bottoms product from the balance of the
Pyrolysis C5 stream. After removd of the DCPD
Concentrate, what is|eft of the Pyrolysis Cs can be
charged to aditillation column (the isoprene-piperylene
splitter) to yield Piperylene Concentrate as a bottoms
product. The carbon number distribution for Piperylene
Concecntrate is predominantly C5. A typica Piperylene
Concentrate stream composition includes 60% piperylenes,
10% 2-methyl-2-butene, and about 0.2% benzene.

| soprene Concentrate isaso adidtillate of the isoprene-
piperylene splitter described above. The carbon number
digtribution is predominantly C5. A typical Isoprene
Concentrate stream contains 40% isoprene with the balance
largely iso- and n-pentane and C5 monolefins. Pentenes, as
described for the Pentenes stream, may or may not have
been removed in the ditillation sequence and this hasthe
corresponding effect on the concentration of the lower
pentene and pentane componentsin the | soprene
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Concentrate.

piperylenes.

| soprene-Piperylene Concentr ate refersto the
intermediate process stream charged to the isoprene-
piperylene splitter (as described above for piperylene
concentrate) and is sometimesisolated as a product. This
stream typicaly contains about 20% isoprene and 14%

I soprene, High Purity (98+%) is produced by separation
from isoprene concentrate. Thisis accomplished using an
extractive didtillation process.

| soprene Purificati on Byproduct isabyproduct from the
I soprene purification process. The carbon number of the
stream is predominantly C5 and the composition islargely
is0- and n-pentane, plus lesser amounts of pentenes and
about 5% isoprene. The byproduct may aso contan 1,3
butadiene at about 0.5%.

2-Methyl-2-Butene as a component is sometimes separated
from amixed C5 stream by first converting to an
intermediate, then separating the intermediate from the mix
by digtillation, and then cracking the intermediate back to
yield product 2-methyl-2-butene.

Metathesis Byproduct refersto the byproduct that results
from the Metathesi's process, sometimesincluded in an
olefins plant, which converts ethylene and/or butenesinto
propylene. The stream is a gasoline stream consisting
primarily of C5 and C6 olefins.

Photolysis of Hydrocarbons

Thedirect photolysis of an organic molecule occurs when it
absorbs sufficient light energy to result in astructural
transformation (2). The reaction processis initiated when light
enagy in aspedific wavdength range elevatesamoleculeto an
eectronicaly excited sate. However, the excited date is
competitive with various deactivation processes that can result
in the return of the moleculeto anon excited Sate.

The absorption of light in the ultraviolet (UV)-visblerange,
110-750 nm, can result in the e ectronic excitation of an organic
molecule. Light in this range contains energy of the same order
of magnitude as covaent bond dissociaion energies (2). Higher
wavdengths (eg. infrared) result only in vibrational and
rotationa transitions, which do not tend to produce structural

changesto amolecule

The stratospheric ozone layer prevents UV light of lessthan 290
nm from reaching the earth's surface. Therefore, only light &
wavelengths between 290 and 750 nm can result in
photochemica transformationsin the environment (2). Although
the absorption of UV light in the 290-750 nm rangeis
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necessary, it is not always sufficient for achemica to undergo
photochemical degradation. Energy may be re-emitted from an
excited molecule by mechanisms other than chemicd
transformation, resulting in no change to the parent molecule.

A consarvative approach to estimating a photochemical
degradation rete is to assume that degradation will occur in
proportion to the amount of light waveengths >290 nm
absorbed by the molecule (3). Saturated hydrocarbons do not
absorb light above 200 nm. Some characteristic absorbance
maxima (| max) and associated molar absorptivities (€) for
sdlected unsaturated hydrocarbons are shown below (2):

I below 290 nm I above 290 nm
Hydrocarbon 1 mex e L
Ethylene 193 10,000 -
1,3-Butadiene 217 2,090 -
Benzene 255 215 -

Olefins with one double bond, or two conjugated double bonds,
which conditute the mgjority of the chemicasin the C5 Non-
Cydlics Category, do not absorb gppreciable light energy above
290 nm. The absorption of UV light to cause cis-trans
isomerism about the double bond of an dlefin occursonly if itis
in conjugation with an aromatic ring (2).

Substances in the C5 Non-Cyclics Category do not contain
component molecules that will undergo direct photolysis.
Therefore, thisfate process will not contribute to ameasurable
degradative remova of chemica componentsin this category
from the environment.

References

1. OlefinsPand, HPV Implementation Task Group. 2001.
High Production Volume (HPV) Chemicd Chdlenge
Program Test Plan For The C5 Non-Cyclics Category.
American Chemistry Council, Olefins Pand, HPV
Implementation Task Group. Virgnia, USA.

2. Harris, J. C. 1982. "Rate of Aqueous Photolysis," Chapter 8
in: W. J. Lyman, W. F. Reehl, and D. H. Rosenblatt, eds,,
Handbook of Chemica Property Estimation Methods,
McGraw-Hill Book Company, New York, USA.

3. Zepp,R.G.and D. M. Cline. 1977. Rates of Direct
Photolysisin the Aqueous Environment, Environ. Sci.
Technal., 11:359-366.

Indirect Photolysis

. Not applicable
Results: type of sensitizer, it
concentration of sensitizer, rate
congtant, % degradation, half-
life
Degradation Products Unknown

Note: | dentification,
concentration
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Test Substance The C5 Non-Cyclics Category includesthe following CAS
numbers
513-359 2-Butene, 2-methyl-
64742-83-2 Naphtha, petroleum, light steam-cracked
68410-97-9 Didtillates, petroleum, light ditillate
hydrotresting process, low-boiling
68476-43-7 Hydrocarbons, C4-6, C5-rich
68476-55-1 Hydrocarbons, C5-rich
68477-35-0 Didtillates, petroleum, C3-6, piperylene-rich
68514-39-6 Naphtha, petroleum, light steam-cracked,
isoprene-rich
68527-11-7 Alkenes, C5
68527-19-5 Hydrocarbons, C1-4, debutanizer fraction
68603-00-9 Didtillates, petroleum, thermal cracked naphtha
and gasail
68603-03-2 Didtillates, petroleum, therma cracked naphtha
and gasail, extractive
68606-29-1 Hydrocarbons, C4 and C8, butene concentratar
by-product
68606-36-0 Hydrocarbons, C5-unsatd. rich, isoprene purifn.
by -product
68956-55-8 Hydrocarbons, C5-unsatd.
78-79-5 1,3-Butadiene, 2-methyl-
Conclusion Not applicable
Rdiability These data represent akey study for characterizing the potentid
of subgtancesin the C5 Non-Cyclics Category to undergo direct
photodegradation.
Reference American Chemigtry Council, Olefins Pandl. 2002.

Photodegradation (Direct): C5 Non-Cyclics Category. Rossyn,

VA, USA.
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Photodegradation (Indirect)

Test Substance

Other TS[CAS# 513-35-9; 64742-83-2; 68410-97-9; 68476
43-7, 68476-55-1, 68477-35-0; 68514-39-6, 68527-
11-7; 68527-19-5; 68603-00-9; 68603-03-2; 68606-
29-1; 68606-36-0; 68956-55-8; 78-79-5]

M ethod/Guiddine

Cdculated vaues using AOPWIN verson 1.89, asubroutine of
the computer program EPIWIN version 3.04

Year (guideling) 1999

GLP(Y/N) Not applicable

Year (sudy performed) Not applicable

Type (air, soil, water, other) Not applicable

Light Source Sunlight

Light Spectrum Natural sunlight
Wavelength value (upper/lower)

Rdative I ntensity 1

Test Substance Spectrum Not applicable

Test Conditions

Note: Concentration,
temperature, test system type,
replication, deviationsfrom

Indirect photodegradation, or atmospheric oxidation potentia, is
based on the structure-activity relationship methods devel oped
by R. Atkinson.

s Temperature: 25°C
guidelineor protocal Sens'r'ziezrer: OH radica
Concentration of Senitizer: 1.5 E® OH radicdsem®
Direct Photolysis )
Not applicable

Results: half-life, % degradation,
quantum yield

89
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Indirect Photolysis The C5 Non-Cyclics Category
Resuilts: typeof sensitizer, C5 Non-Cyclics Category substances arise from production
concentration of sensitizer, rate processes associated with ethylene manufecturing. The 15 CAS
constant, % degradation, half- numbers are used to describe the ten process streams arising
life from the ethylene process and other associated C5 processes.

Commercia productsin this category consist of both high purity
hydrocarbons and complex hydrocarbon reaction products that
are predominantly C5 akanes or akenes and predominantly
non-cyclic. That iswhy this group is consdered a category for
purposss of the High Production Volume (HPV) Chemica
Program, and designated C5 Non-Cydlics.

The nine chemicals selected to represent the atmospheric
oxidation potentia of this category are C5 hydrocarbons that
can befound in substances identified by the 15 CAS numbers.
Condtituents representing category members were sdlected on
the basis of carbon number as identified by the category name,
chemigtry/structure, messured boiling point ranges for category
substances, olefinic process (ditillation) knowledge, and
percentage of the composition of the represented process
streams.

Atmospheric Oxidation of Hydrocarbons

In the environment, organic chemicals emitted into the
troposphere are degraded by severa important transformation
processes. The dominant transformation process for most
compoundsisthe daylight reaction with hydroxyl (OH-)
radicas (Atkinson, 1988, 1989). Therate & which an organic
compound reacts with OH- radicasis adirect measure of its
atmospheric perdstence (Meylan and Howard, 1993).

AOPWIN estimates the rate congtant for the atmospheric, gas-
phase reaction between photochemically produced hydroxyl
radicals and organic chemicals. The rate constants estimated by
the program are then used to ca culate atmospheric half-lives for
organic compounds based upon average amospheric
concentrations of hydroxyl radicas.

Since the reactions only take place in the presence of sunlight,
the atmospheric half-lives are normaized for a 12-hour day.
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Calculated* OH- Rate Constant
Chemical half-life (hrs) (om*/molecule-sec)
dis-butene-2 2.3 56.7 E*?
cis-pentene-2 2.2 57.6 E*?
3-methyl-1-butene 4.5 286 E™
1,4-pentadiene 2.4 535E!?
| sopentane 31.8 40E*?
Isoprene 1.2 105.1E*?
n-pentane 317 40E™?
2-methyl-2-butene 15 87.3E™?
cyclopentene 2.2 588 E™?

* Atmospheric hdf-life values are based on a12-hr day.

Moreinformation on the C5 Non-Cycdlics Category can be found
in the American Chemistry Council, Olefins Pand test plan for
this category (Olefins Panel, 2001).
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radical rate congtants for organic chemicals. Environ.
Toxicol. Chem 7:435-442.

2. Atkinson, R. 1989. Kinetics and mechaniams of the gas-
phase reactions of the hydroxyl radica with organic
compounds. J. Phys. Chem. Ref. Data Monograph No. 1,
Amer. Ing. Physcs& Amer. Chem. Soc., NY.

3. Meylan, W.M. and P.H. Howard. 1993. Computer
edimation of the atmospheric gas-phase reaction rate of
organic compounds with hydroxyl radicals and ozone.
Chemosphere12:2293-2299.

4.  OlefinsPand, HPV Implementation Task Group. 2001.
High Production Volume (HPV) Chemicd Chdlenge
Program Test Plan For The C5 Non-Cyclics Category.
American Chemistry Council, Olefins Pand, HPV
Implementation Task Group. VA, USA.

Degradation Products Unknown

Note: |dentification,
concentration
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Test Substance

The C5 Non-Cydlics Category includesthefollowing CAS
numbers

513-359 2-Butene, 2-methyl-

64742-83-2 Naphtha, petroleum, light steam-cracked

68410-97-9 Didtillates, petroleum, light ditillate
hydrotresting process, low-boiling

68476-43-7 Hydrocarbons, C4-6, C5-rich

68476-55-1 Hydrocarbons, C5-rich

68477-35-0 Didtillates, petroleum, C3-6, piperylene-rich

68514-39-6 Naphtha, petroleum, light steam-cracked,
isoprene-rich

68527-11-7 Alkenes, C5

68527-19-5 Hydrocarbons, C1-4, debutanizer fraction

68603-00-9 Didtillates, petroleum, therma cracked naphtha
and gasail

68603-03-2 Didtillates, petroleum, therma cracked naphtha
and gasail, extractive

68606-29-1 Hydrocarbons, C4 and C8, butene concentrator
by-product

68606-36-0 Hydrocarbons, C5-unsatd. rich, isoprene purifn.
by -product

68956-55-8 Hydrocarbons, C5-unsatd.

78-79-5 1,3-Butadiene, 2-methyl-

Conclusion

Atmospheric oxidation via hydroxyl radicals can be asgnificant
route of degradation for productsin this category. Based on
caculated vaues, productsin this category can have an
atmospheric haf-liferange of 1.2 to 31.8 hours as aresult of
indirect photolysis by hydroxyl radicd attack.

Reliability

(2) Reliable with restrictions

The resultsinclude cal culated data based on chemical Sructure
asmodeled by AOPWIN. The data represent a potential
amospheric hdf-life range for substances represented by the 15
CAS numbers under Test Subgtance. Thisrobust summary hasa
reliability rating of 2 because the data are not for specific
substances in the C5 Non-Cyclics Category, but rather for
selected condtituents. These sdlected constituents represent all
substances defined by this category and as such, this robust
summary represents a'key study" for amospheric haf-life
range based on condtituent data.

Reference

Meylan, M., SRC 1994-1999. AOPWIN iscontained inthe
computer program EPIWIN. 1999. Estimation Program
Interface for Windows, verson 3.04. Syracuse Research
Corporation, Syracuse, NY, USA.
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Hydrolysis (Stability in Water)

Test Substance Other TS[CAS# 513-35-9; 64742-83-2; 68410-97-9; 68476
43-7, 68476-55-1; 68477-35-0; 68514-39-6, 68527-
11-7; 68527-19-5; 68603-00-9; 68603-03-2; 68606-
29-1; 68606-36-0; 68956-55-8; 78-79-5]

M ethod/Guideline Other: Technical discussion
Year (quideline) Not applicable
Type (test type) Not applicable
GLP (Y/N) Not applicable
Year (sudy performed) Not applicable
Analytical Monitoring Not applicable
Test Conditions Not applicadle

Note: Concentration
preparation, vess type, volume,
replication, deviationsfrom
guidelineor protocal

Results Not applicable
Units'Value:

Note: Analytical method,
observations, half-livesby pH,

degradation products
Test Substance The C5 Non-Cydlics Category includesthe following CAS
numbers:
513-35-9 2-Butene, 2-methyl-

64742-83-2 Naphtha, petroleum, light steam-cracked

68410-97-9 Distillates, petroleum, light distillate
hydrotresting process, low-boiling

68476-43-7 Hydrocarbons, C4-6, C5-rich

68476-55-1 Hydrocarbons, C5-rich

68477-35-0 Didtillates, petroleum, C3-6, piperylene-rich

68514-39-6 Naphtha, petroleum, light steam-cracked,
isoprene-rich

68527-11-7 Alkenes, C5

68527-19-5 Hydrocarbons, C1-4, debutanizer fraction

68603-00-9 Didtillates, petroleum, thermal cracked naphtha
and gasail

68603-03-2 Didtillates, petroleum, thermal cracked naphtha
and gasail, extractive

68606-29-1 Hydrocarbons, C4 and C8, butene concentrator
by-product

68606-36-0 Hydrocarbons, C5-unsatd. rich, isoprene purifn.
by-product
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C5 NON-CYCLICS CATEGORY

68956-55-8 Hydrocarbons, C5-unsatd.
78-79-5 1,3-Butadiene, 2-methyl-

C5 Non-Cyclics Category substances arise from production
processes asociated with ethylene manufacturing. The 15 CAS
numbers are used to describe the ten process sreams arising
from the ethylene process and other associated C5 processes.
The process streamsin this category consist of high purity
hydrocarbons or complex hydrocarbon reaction productsthat are
predominantly C5 akanes or dkenes and predominantly non-
cydic.

More information on the C5 Non-Cycdlics Category can be found
in the American Chemistry Council, Olefins Pand test plan for
this category (1).

1.  OldfinsPand, HPV Implementation Task Group. 2001.
High Production VVolume (HPV) Chemicd Chdlenge
Program Test Plan For The C5 Non-Cyclics Category.
American Chemigtry Council, Olefins Pand, HPV
Implementation Task Group. VA, USA.

Conclusion

Summary

In the environment, hydrolyss will not contribute to the
degradation of chemicds in the C5 Non-Cyclics Category (C5
refers to a chemicd with 5 carbons). The C5 Non-Cydlics
Category includes ten process streams.

Pyrolysis C5s

Hydrotreated C5s

Pentenes

Piperylene Concentrate

|soprene Concentrate

| soprene-Piperylene Concentrate
Isoprene, High Purity
2-Methyl-2-Butene

Metathesis Byproduct

Fifteen CAS numbers (see Test Substance) identify substances
derived from these process streams. As discussed below, the
chemicasin these streams are composed of carbon and
hydrogen and are not amenable to hydrolysis because of their
molecular structure and the chemical reection required for this
type of transformation to occur.

The C5 Non-Cyclics Category

A process stream isamixture of chemicalsthat arisesfrom a
chemical reaction or separation activity. The process streamsin
this category consist of both high purity hydrocarbons and
complex hydrocarbon reaction products that are predominantly
C5 dkanes or akenes (with the exception of the Metathesis
Byproduct stream which has 51% hexenes) and predominantly
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non-cyclic. All but two of these streams contain isoprene. The
two streams without isoprene contain components such as 2-
methyl-2-butene and pentenes, which are found in other
streamsin the category. That iswhy thisgroup isconsidered a
category for purposes of the High Production Volume (HPV)
Chemicd Program, and designated C5 Non-Cydlics.

The definitions found inthe TSCA Chemicd Subgtance
Inventory for the CAS numbersincluded in this group are
vague with respect to composition. Therefore, it ispossbleto
find that the same CAS number is correctly used to describe
different streams (compositions) or that two or more different
CAS numbers are used to describe the same stream
(composition or process).

C5 Non-Cycdlics streams arise from production processes
associated with ethylene manufacturing. More information on
the C5 Non-Cycdlics Category can be found in the American
Chemistry Council, Olefins Pand test plan for this category
(2). The planisavailable on the U.S. Environmenta Protection
Agency webste under the HPV Chemica Program. A brief
description of the production and composition of the ten
process streamsin this category are:

Pyrolysis C5s consist of a hydrocarbon digtillate fraction
separated from pyrolysis gasoline (the C5+ portion of the
cracked gasin the ethylene process). The carbon number
digtribution of the product is predominantly C5, but the
stream aso typicaly containsrelatively low levels of the
higher bailing C4 substances (e.g. 1,2-butadiene) as well
aslow leves of the more volatile C6 hydrocarbons.
Benzene content istypicaly 0.25% and present in the
ditillate largely due to azeotropes of benzene with other
hydrocarbon speciesin the complex mixture. The 1,3-
butadiene content istypicaly 1%. The stream contains
significant levels of olefins, diolefinsand cyclics.

- Hydrotreated C5sresult from hydrogenation of Pyrolysis
C5sover catalyst. Typicaly the stream that is charged to
the hydrogenation reector is abroader boiling range
stream than the C5 fraction. For example, afull range
pyrolysis gasoline may be hydrotreated and the resulting
product then fractionated to produce the Hydrotreated
Chsasadidillate fraction. The hydrogenation process
may be either aone-stage or two-stage process. The one-
stage processistypically aliquid-phase processwherethe
primary objective isto sdectively convert diolefinsto
monoolefins. The two-stage processistypicaly avapor-
phase, more severe hydrogenation that converts
monoolefinsto paraffins. Typicaly, Hydrotreated C5sare
subject only to one-stage hydrogenation becausethe
product isintended for usein gasoline where the
monoolefins are desired components. Similar to Pyrolysis
C5s, Hydrotreated C5s have a carbon number digtribution
thet is predominantly C5, and contain low levels of the
higher boilingC4 substances aswell aslow levels of the

C5 NON-CYCLICS CATEGORY
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more volatile C6 hydrocarbons. Benzene content is
typically 1%. Unlike pyrolysis C5s, the diolefin content
in Hydrotreated C5sis very low.

Pentenesisthe didtillate that is sometimes removed
during the fractionation of Pyrolysis Cssinto
concentrates of the reective diolefins. isoprene,
piperylene (1,3-pentadiene) and cyclopentadiene (as
dimer). The stream has a carbon number distribution that
is predominantly C4-C5, conggting in part of iso-pentane
and the more volatile pentenes such as 1-pentene, with
about 1-3% isoprene. The stream typicaly containsthe
C4 compounds that were prsent in the Pyrolysis C5s,
including 1,3-butadiene. Alternately, Penetenes can be
removed later in the processng, for example by
didtillation of the Isoprene Concentrate.

Piperylene Concentrateis produced from Pyrolysis C5s
by first "heat soaking" the stream in order to dimerize
1,3-cyclopentadiene (CPD). The hegt soak producesa
mixture of CPD dimer and codimers (DCPD Concentrate)
that can be removed as a bottoms product from the
baance of the Pyrolysis C5 stream. After remova of the
DCPD Concentrate, what is|eft of the Pyrolysis C5scan
be charged to adidtillation column (the isoprene-
piperylene splitter) to yield Piperylene Concentrate asa
bottoms product. The carbon number ditribution for
Piperylene Concecntrate is predominantly C5. A typica
Piperylene Concentrate stream composition includes 60%
piperylenes, 10% 2-methyl-2-butene, and about 0.2%
benzene

| soprene Concentrate isaso adidtillate of the isoprene-
piperylene splitter desaribed above. The carbon number
distribution is predominantly C5. A typica Isoprene
Concentrate stream contains 40% isoprene with the
baancelargdy iso- and n-pentane and C5 monaolefins.
Pentenes, as described for the Pentenes stream, may or
may not have been removed in the didtillation sequence
and this has the corresponding effect on the concentration
of thelower pentene and pentane componentsin the
Isoprene Concentrete.

| soprene-Piperylene Concentrate refersto the
intermediate process sream charged to the isoprene-
piperylene splitter (as described above for piperylene
concentrate) and is sometimesisolated asaproduct. This
stream typically contains about 20% isoprene and 14%

piperylenes.

I soprene, High Purity (98+%) is produced by separation
from isoprene concentrate. Thisis accomplished using an
extractive digtillation process.

| soprene Purification Byproduct isabyproduct from
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the Isoprene purification process. The carbon number of
the stream is predominantly C5 and the compositionis
largdly iso- and n-pentane, pluslesser amounts of
pentenes and about 5% isoprene. The byproduct may
aso contain 1,3-butadiene at about 0.5%.

2-Methyl -2-Butene as acomponent is sometimes
separated from amixed C5 stream by first converting to
an intermediate, then separating the intermediate from the
mix by ditillation, and then cracking the intermediate
back to yield product 2-methyl-2-butene.

Metathesis Byproduct refersto the byproduct that
results from the Metathesi's process, sometimesincluded
in an olefins plant, which converts ethylene and/or
butenesinto propylene. The stream isagasoline stream
conggting primarily of C5 and C6 olefins.

Hydrolysis of Hydrocarbons asa Function of Molecular
Structure

Hydrolysis of an organic molecule occurs when amolecule (R-
X) reacts with water (H,0) to form anew carbon-oxygen bond
after the carbon-X bond is cleaved (2,3). Mechaniticdly, this
reaction is referred to as a nucleophilic substitution reaction,
where X istheleaving group being replaced by theincoming
nucleophilic oxygen from the water molecule.

Theleaving group, X, must be amolecule other than carbon
because for hydrolysisto occur, the R-X bond cannot bea
carbon-carbon bond. The carbon atom lacks sufficient
electronegativity to be agood leaving group and carbon-carbon
bonds are too stable (high bond energy) to be cleaved by
nucleophilic substitution. Thus, hydrocarbons, including
akenes, are not subject to hydrolysis (3) and thisfate process
will not contribute to the degradative loss of chemica
componentsin this category from the environment.

Under strongly acidic conditions the carbon-carbon double bond
found in akenes, such asthosein the C5 Non-Cyclics Category,
will react with water by an addition reaction mechanism (2).
The reaction product is an dcohol. Thisreaction is not
considered to be hydrolysis because the carbon-carbon linkage
is not cleaved and because the reection is fredy reversble (3).
Substances that have a potentia to hydrolyze include akyl
hdides, amides, carbamates, carboxylic acid esters and lactones,
epoxides, phosphate esters, and sulfonic acid esters (4).

The substancesin the C5 Non-Cyclics Category are primaily
olefinsthat contain at least one double bond (alkenes). The
remaining chemicals are saturated hydrocarbons (akanes).
These two groups of chemicals contain only carbon and
hydrogen. Assuch, their molecular structureis not subject to
the hydrolytic mechanism discussed above. Therefore,
chemicasin the C5 Non-Cyclics Category have avery low
potentid to hydrolyze, and this degradative process will not
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contribute to their removad in the environment.
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Trangport / Digtribution (Fugacity)

Test Substance Other TS[CAS# 513-35-9; 64742-83-2; 68410-97-9; 68476
43-7, 68476-55-1; 68477-35-0; 68514-39-6, 68527-
11-7; 68527-19-5; 68603-00-9; 68603-03-2; 68606-
29-1; 68606-36-0; 68956-55-8; 78-79-5]

Method/Guiddine Cdculated according to Mackay Leve |, EQC Modd verson
101
Year (guideling) 1997
Type (test type) Not applicable
GLP Not applicable
Year (study performed) Not applicable
Egtimation Temperature 25°C
Test Conditions The EQC Leve | isasteady state, equilibrium mode that
utilizesthe input of basic chemical propertiesincluding
Note: Concentration prep., vesse molecular weight, vapor pressure, and water solubility to
type, replication, test conditions. cdculate distribution within astandardized regiona
environment.

Physicochemicd input vaues for the modd were caculated
using the EPIWIN Egtimation v 3.04 program (1). Messured
input val ues were o used where available and obtained from
the EPIWIN database (1). Digtribution datafrom the
equilibrium mode provide basic information on the potential
partitioning behavior of chemicas between sdlected
environmental compartments (i.e,, air, water, soil, sediment,
suspended sediment, biota).

1. EPIWIN. 1999. Estimation Program Interface for Windows,
verson 3.04. Syracuse Research Corporation, Syracuse, NY,
USA.
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Results Calculated partitioning data for representative constituents of
the C5 Non-Cycdlics Category arelisted below. The data
Units'Value: identify apotentia distribution for substances represented by
the 15 CAS numbers under Test Substance. Actual distribution
Note Deviationsfrom pr otocol of substancesin thlSCétegory will vay dmdmt onther
or guideline, analytical method. constituent composition.

Commerciad substancesin this category consist of both high
purity hydrocarbons and complex hydrocarbon reaction
products with a carbon number distribution that is
predominantly C5. The nine chemicals selected to represent the
environmentd distribution range of this category are C5
hydrocarbons that are common acrossthe 15 CAS numbers.
Condtituents representing category members were selected on
the basis of carbon number asidentified by the category name,
chemistry/structure, measured boiling point ranges for category
substances, and olefinic process (ditillation) knowledge.

Therange of digtribution deta for congtituent chemicasin each
of the compartments can be used as an estimate of the
partitioning behavior for category substances.

Thefollowing Mackay Level | modd distribution valuesfor
representative congtituents of substancesin this category were
determined using physicochemicd input data caculated using

the EPIWIN program:
Calculated* Measured**
Percent Distribution Percent Digribution

Chemica Air  Water Air Water
cis-butene-2 99.97 0.03 99.98 0.02
cis-pentene-2 99.97 0.03 99.97 0.03
3-methyl-1-butene 99.98 0.02 99.98 0.02
1,4-pentadiene 99.97 0.02 99.97 0.02
| sopentane 99.98 0.01 99.98 0.01
Isoprene 99.97 0.02 99.96 0.03
n-pentane 99.97 0.02 99.99 0.01
2-methyl-2-butene 99.97 0.03 99.97 0.02
cyclopentene 99.94 0.04 99.94 004

* Didribution vaues determined using calculated input data
from EPIWIN program

** Didribution values determined using input data from the
EPIWIN program experimenta database

Distribution of each chemica to each remaining compartment
(sail, sediment, suspended sediment, biota) was caculated as
0.01% or less. Mohility in the environment is expected to be
high due to the rdaively high water solubility and high vapor
pressure of these chemicals.
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Test Substance

The C5 Non-Cydlics Category includesthe following CAS
numbers

513-359 2-Butene, 2-methyl-

64742-83-2 Naphtha, petroleum, light steam-cracked

68410-97-9 Didtillates, petroleum, light ditillate
hydrotresting process, low-boiling

68476-43-7 Hydrocarbons, C4-6, C5-rich

68476-55-1 Hydrocarbons, C5-rich

68477-35-0 Didtillates, petroleum, C3-6, piperylene-rich

68514-39-6 Naphtha, petroleum, light steam-cracked,
isoprene-rich

68527-11-7 Alkenes, C5

68527-19-5 Hydrocarbons, C1-4, debutanizer fraction

68603-00-9 Didtillates, petroleum, thermal cracked naphtha
and gasail

68603-03-2 Didtillates, petroleum, thermal cracked naphtha
and gasail, extractive

68606-29-1 Hydrocarbons, C4 and C8, butene concentrator

by-product

68606-36-0 Hydrocarbons, C5-unsatd. rich, isoprene purifn.
by -product

68956-55-8 Hydrocarbons, C5-unsatd.

78-79-5 1,3-Butadiene, 2-methyl-

C5 Non-Cydlics Category substances arise from production
processes asxociated with ethylene manufacturing. The 15 CAS
numbers are used to describe the ten process sreams arising
from the ethylene process and other associated C5 processes.
The process streams in this category consist of high purity
hydrocarbons or complex hydrocarbon reaction productsthat are
predominantly C5 akanes or dkenes and predominantly non-
cydic.

More information on the C5 Non-Cycdlics Category can be found
in the American Chemistry Council, Olefins Panel test plan for
this category (1).

1. OléfinsPand, HPV Implementation Task Group. 2001.
High Production Volume (HPV) Chemicd Chdlenge
Program Test Plan For The C5 Non-Cydlics Category.
American Chemistry Council, Olefins Pand, HPV
Implementation Task Group. VA, USA.
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Conclusion

The partitioning data represent a potentia distribution range for
subgtancesin the 15 CAS numbers listed under Test Substance.
Substances in the C5 Non-Cyclics Category are cdculated to
partition primarily to air with asmaller percentage partitioning
toweter. Relatively high vapor pressure and high water
solubility largely control the partitioning behavior of constituent
chemicdsin substances from this category.

Theinput data used to run the EQC Leve | modd indluded
edimated vaues calculated by the EPIWIN program based on
chemicd gructure and meesured data from the EPIWIN
database. A comparison of the distribution data devel oped using
ather dl caculated input values or measured vaues where data
were avalableindicate asmilar partitioning behavior and
support the use of the dataset for chemicals without any
meesured data

Reliability

(2) Reliable with restrictions

Theinput data used to run the EQC Level | modd include
calculated and experimenta vaues available through the
EPIWIN program. The data represent a potentid environmenta
digtribution range for substances with the 15 CAS numbers
listed under Test Substance. This robust summary hasa
reliability rating of 2 because the data are not for specific
substances in the C5 Non-Cyclics Category, but rather for
selected condtituents. These salected constituents represent all
substances defined by this category and as such, this robust
summary represents a"key study™ for distribution range bassd
on condtituent data.

Reference

Mackay, D.A. DiGuardo, S. Paterson, and C. Cowan. EQC
Modd Version 1.01. 1997. Available from the Environmental
Modding Centre, Trent University, Canada.
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Biodegradation
Test Substance
Remarks Isoprene (CAS No. 78-79-5) dso known as 1,3-butadiene,2-
methyl
The test substance was stable for the duration of al studies
performed bt the test house.
The carbon content of the test substance was determined before
the start of the Closed Bottle test using a CEC Modd 440
Elementa Andyser. The measured carbon content (88%) was
equivaent to 102% of the theoretical vaue (85.9%).
Method

Method/guiddline followed

GLP
Yexr

Type:
Inoculum:
Concentration:
Contact time:

Test inoculum preparation

Study design

Results

OECD Guide-line 301D and EC Directive 92/69, C4-E and
EPA OPPTS 835.3110;
Yes
2002
Aerobic
Domestic sewage effluent
2mg/l related to test substance
28 days

Main test

A sample of secondary effluent was collected on the day of the
test from, atricklingfilter plant, which treats predominantly
domestic waste. It was maintained under aerobic conditionsin
the laboratory, then, immediately before use, filtered through
glasswool and thefiltrate used asthe inoculum for the test (1
ml filtrate/litre test medium).

Main test

Eighteen bottles werefilled with aminera salts medium,
inoculated with unacclimated sewage effluent at aloading of
1ml/l, and the test substane a anomind loading of 2 mg/l. The
dissolved oxygen (DO) concentration in replicate bottleswas
measured on Days0, 5, 7, 11, 14, 18, 21, 25 and 28.

Four bottles were established for a concurrent five-day
microbid inhibition assay, in which the biodegradation of the
readlily biodegradable reference substance, sodium benzozte,
was examined in the presence of the test substance. DO
concentration was measured in replicate bottles on Days 0 and
5.

A further eighteen bottles werefilled with minerd dts,
inoculated with unacclimatised sewage effluent a aloading of

1 mi/l, and the reference substance, sodium benzoate at a
nomina loading of 5 mg/l. DO concentrationsin replicate
bottles was measured on DaysO0, 5, 7, 11, 14, 18, 21, 25 and 28.
All test systems were incubated a 22 +/- 2°C in darkness.
Theoretica oxygen demands for the test and reference
substances were basad on their emperica formulae and
molecular weights. The study wasinitiated on 13 March 2002.
A maximum of 60% biodegradation was measured on Day 28
of themain Closed Bottle test. Biodegradation was not
established in five BOD bottles on or after Day 18 of the tet,
but had occurred (54%) in the three remaining bottles measured
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on or after Day 18.

Themean Totd Viable Count of the sample of find sewage
effluent in the main test was 7.1 x 105 Colony forming Units
(CFU) per ml and the mean count in inoculated MSM on Day 0
was 3.3 x 104 cfu/ml.

The presence of the test substance did not cause any inhibitory
affect on the norma degradative activity of the microbid
Study design inoculum on the reference substance.

Supplementary investigation

Eight bottles were established with minera sats medium and
an inoculum of medium (10 mi/l) from aBOD bottle incubated
for 28 days as part of the main test (isoprene degradation in the
BOD bhottle used had achieved 60% on Day 28). Four bottles
were of amodified design and were trested with isoprene
(nomindly 2 mg/l). Four bottles contained inoculum and
minerd salts medium done.

The DO, pH and temperature of two bottles containing isoprene
and two containing inoculum and minerd salts medium done
were andysed on Day 0 and following seven days of incubation
indarknessat 22 + 2°C.

A maximum of 64% biodegradation was measured on Day 7 of
the supplementary investigation. This confirmed that isoprene
was hiodegradable in the presence of a pre-exposed inoculum.

Degradation 60 () % after 28 day(s)
Kinetic of test substance 5day(s) 5and2%
7 day(s) 4and 4 %

11day(s) 3and2%
14 day(s) 5and5%
18day(s) 60and2%
21 day(s) 7and54%
25 day(s) 9and 13%
28 day(s) 58and 2%

Control substance Benzoic acid, sodium salt
Kinetic 5day(s) 79and 78 %
28 day(s) 86 and 86 %
Conclusions Biodegradable in the presence of pre-exposed inoculum
Data Quality (1) vdid without restriction
Reference Huntingdon Life Sciences Ltd.2003.

Assessment of biodegradability using the closed bottle method
Project ID CSS(036. Huntingdon Life SciencesLtd.,
Cambridgeshire, England.
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Biodegradation
Test Substance | soprene, inhibited with 200 ppm p-tert-butyl catechol
CASNo. 78-79-5:
CAS Inventory Name: 1,3-Butadiene, 2-methyl-
M ethod/Guideline OECD Guiddine 301F
Year (guideling) 1992
Type (test type) Ready Biodegradability: Manometric Respirometry Test
GLP (Y/N) Yes
Year (sudy performed) 2003
Inoculum Domedtic activated dudge
Exposure Period 28 Days
Test Conditions Triplicate test sysems were used to eva uate the
biodegradability of the test and positive control substances at
Note Concentration mean concentrations of 51Img/L and 46 mg/L, respectively.
preparation, vessdl type, Blank test systems, which did not contain the test or positive
replication, test conditions. control substance, were run concurrently in triplicate.

Thetotd suspended solids (TSS) of the activated dudge was
determined to be 4.28 g/L.. Theinoculum was added & a1%
loading volume of dudge supernatant to test medium. The
microbial count of theinoculum was 10° CFU/mL. One liter of test
medium, which was aerated for 24 hours with carbon dioxidefree
ar, was added to each one liter respirometer flask. Thetest
substance was weighed in an air tight syringe and injected into the
test medium. The test system was sedled immediately after
addition of the test substance. An diquot of the positive control
stock solution was added to the gppropriate test flasks.

An unacclimated activated 9 udge inoculum was used in this study.
The inoculum was obtained from the Clinton Sanitary Wastewater
Treatment Plant, Annandale, NJ, USA. The treatment plant
receives domestic sawage.

All test systems were placed on a Coordinated Environmental
Searvices (CES) automated respirometer which autometically
recorded the oxygen uptake in genera agreement with the OECD
guiddine. The 28-day study was conducted at atemperaturerange
of 22+ 1°C.
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Results Biodegradati on was based on oxygen consumption and the
UnitsValue theoretical oxygen demand of the test substance as cdculated

using results of an dementd analysis of the test substance.
Note: Deviationsfrom protocol or

guiddine analytical method. By day 14, >60% biodegradation of positive control was
observed, which meets the guideline requirement. No
deviations from the protocol occurred that affected the integrity
of the study data.

The average percent biodegradation of the test substance was
determined to be 61% on day 28. The test substance can be
congidered readily biodegradable.

% Degradation* Mean %
Degradetion
Sample (day 28) day 28
Test Substance 75, 55, 53 61
Na Benzoate 91, 100, 89 A

* replicate data
Conclusion Reedily biodegradable

Rédiability (1) Reliable without restriction.
Reference ExxonMobil Biomedicd Sciences, Inc. 2004. Ready

Biodegradability: Manometric Respirometry test. Study #
177294A.
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Biodegradation

Test Substance
Remarks

Method
M ethod/guiddine followed

GLP

Year

Type

Inoculum

Concentration

Contact time

Test inoculum preparation

Study design

2-methyl-2-butene (CAS No. 513-35-9)
The test substance was stable for the duration of dl studies
performed at the test house.

The carbon content of the test substance was determined before
the start of the Closed Bottle test using a CEC M odd 440
Elemental Andyser. The measured carbon content (85.47%)
was eguivalent to 99.8% of the theoretical vaue (85.63%),
which was cdculated usg the empirica formula of 2-methyl-2-
butene which comprised 98.2% of the test substance.

OECD Guiddine 301D and EC Directive 92/69, C.4-E and EPA
OPPTS 835.3110

Yes

2001-2002

Aerobic

Domedtic sewage effluent

2.1 mg/l related to test substance

28 days

A sample of secondary effluent was collected on the day of the
test from atricklingfilter plant, which treats predominantly
domestic wedte. It was maintained under agrobic conditionsin
the laboratory, then, immediately before usg, filtered through
glasswool and thefiltrate used as the inoculum for the test (1 ml
filtrate/litre test medium).

Eighteen bottleswerefilled with aminera sdts medium,
inoculated with unacclimated sewage effluent at aloading of 1
ml/l, and the test substance at anomina loading of 2.1 mg/l.
The dissolved oxygen (DO) concentration in replicate bottles
was meesured on DaysO0, 5, 7, 11, 14, 18, 21, 25 and 28. Four
bottles were established for a concurrent five-day microbid
inhibition assay, in which the biodegradation of the readily
biodegradable reference substance, sodium benzoate, was
examined in the presence of the test substance. DO
concentration was measured in replicate bottles on Days 0 and
5.

A further eighteen bottles were filled with minera sdts
medium, inoculated with unacclimeatised sewage effluent & a
loading of 1 ml/l, and the reference substance, sodium benzoate
a anomind loading of 5mg/l. DO concentrationsin replicate
bottles was messured on Days 0, 5, 7, 11, 14, 18, 21, 25 and 28.
All test systems were incubated at 22 + 2°C in darkness.
Theoretica oxygen demands for the test and reference
substances were based on their empirical formulae and
molecular weights. The study was initiated on 8 October 2001.
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Results

Degradation

Kinetic of test substance

Control substance

Kinetic

Conclusions

Data Quality

Reference

A maximum of 15% biodegradation was measured (on Day 25)
by the end of the Closed Bottle test.

Themean Totd Viable Count of the sample of fina sawage
effluent in the main test was 1.0 x 10° Colony Forming Units
(CFU) per ml and the mean count in inoculated MSM on Day O
was 8.2 x 10° CFU/mI.

The presence of the test substance was not considered to have
caused any inhibitory affect on the norma degradetive activity
of the microbid inoculum on the reference substance in one
replicate mixture containing both substances. There was
discolouration of the contents of the second bottle of the
inhibition assay, the pH was lower and there was no evidence of
sodium benzoate degradation. Therefore, this result was
considered to be erroneous.

7 () % after 28 day()

5day(s) 2and 4%

7 day(s) 1 and 2%

11 day(s) 0 and 1%
14 day(s) 2 and 2%
18 day(s) 4 and 4%
21 day(s) 2 and 6%
25 day(s) 12 and 15%
28 day(s) 4 and 10%

Benzoic acid, sodium sat

5 day(s) 67 and 68%
28 day(s) 83 and 85%

Not biodegradable

(2) Vaid without restriction

Huntingdon Life Sciences Ltd. 2003. Assessment of
biodegradability using the closed bottle method. Project ID

CSS006. Huntingdon Life Sciences Ltd., Cambridgeshire,
England.
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Biodegradation
Test Substance 2-Methyl, 2--Butene
CASNo.513-359
CAS Inventory Name: 2-Butene, 2-methyl-
M ethod/Guideline OECD Guiddine 301F
Year (guideline) 1992
Type (test type) Reedy Biodegradability: Manometric Respirometry Test
GLP (Y/N) Yes
Year (Sudy performed) 2003
Inoculum Domedtic activated dudge
Exposure Period 28 Days
Test Conditions Triplicate test systems were used to evauate the
biodegradability of the test and positive control substances a
Note: Concentration mean concentrations of 48/L and 46 mg/L, repectively. Blank
prepar ation, vessd type, test systems, which did not contain the test or positive control
replication, test conditions. substance, were run concurrently in triplicate.

Thetota suspended solids (TSS) of the activated dudge was
determined to be 4.28 g/L.. Theinoculum was added & a1%
loading volume of dudge supernatant to test medium. The
microbial count of theinoculum was 10° CFU/mL. One liter of test
medium, which was aerated for 24 hours with carbon dioxide free
air, was added to each one liter respirometer flask. The test
substance was weighed in an air tight syringe and injected into the
test medium. Thetest system was sedled immediately after
addition of the test substance. An aiquot of the positive control
stock solution was added to the appropriate test flasks.

An unacclimated activated dudge inoculum was used in this studly.
Theinoculum was obtained from the Clinton Sanitary Wastewater
Treatment Plant, Annandae, NJ, USA. The treatment plant
receives domestic sawage.

All test systems were placed on a Coordinated Environmental
Sarvices (CES) automated respirometer which autometically
recorded the oxygen uptake in generd agreement with the OECD
guideline. The 28-day study was conducted a atemperature range
of 22+ 1°C.
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Results Biodegradation was based on oxygen consumption and the
Units\Value thg)reticd oxygen demand of thete_st subgtance as calculaed

using results of an dementa andysis of the test substance.
Note: Deviationsfrom protocol or

guideline analytical method By day 14, >60% biodegradation of pogitive control was
observed, which meets the guiddine requirement. No
deviations from the protocol occurred that affected the integrity
of the study data.

No measurable biodegradation was observed in triplicate test
systems therefore the test substance cannot be considered readily
biodegradable
% Degradation* Mean %
Degradetion
Sample (day 28) day 28

Test Substance 0,0,0 0
NaBenzoate 91, 100, 89 93

* replicate data
Conclusion Not readily biodegradable

Rdiability (1) Reliable without regtriction.
Reference BExxonMohil Biomedica Sciences, Inc. 2004. Ready

Biodegradability: Manometric Respirometry test. Study #
1837%4A
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Biodegradation

Test Substance
Remarks

Method
Method/guideline followed

GLP

Yexr

Type

Inoculum

Concentration

Contect time

Test inoculum preparation

Study design

Pyrolysis C5s (CAS No. 68476-55-1, hydrocarbons, C5-rich)
are produced from C5 hydrocarbons didtillate fraction from
pyrolysis gasoline obtained from ethylene production (steam
cracking process). The sample tested consisted of isoprene
(18%0), cis- and trans-pentadiene-1,3 (16%), cyclopentadiene +
dicyclopentadiene (14%), n-pentane (10%), cyclopentene (7%0),
2-methyl-2-butene (3%0) and cycdopentane (1%6). The baance
consigs of other hydrocarbons with similar boiling point
(primarily Cbs). Alternative CAS numbers for the test
substance are 68476-43-7, 68527-19-5, 68603-00-9 and 68956~
55-8.

The three mgor components anaysed were shown to be stable
for the duration of testing in the study.

The carbon content of the test substance was determined before
the gtart of the Closed Bottle test using a CEC Modd 440
Elementa Andyser. The measured carbon content (88%) was
equivaent to 102% of the theoretical vaue (85.9%), which was
based on the pre-shipment composition of the test substance.

OECD Guiddine 301D and EC Directive 92/69, C.4-E and EPA
OPPTS 835.3110

Yes

2002

Aerobic

Domedtic sewage effluent

2 mg/l related to test substance

28 days

A sample of secondary effluent was collected on the day of the
test from atricklingfilter plant, which treets predominantly
domestic waste. It was maintained under aerobic conditionsin
the laboratory, then, immediately before usg, filtered through
glasswool and thefiltrate used as the inoculum for thetest (1 ml
filtrate/litre test medium).

Eighteen bottleswere filled with amineral sdts medium,
inoculated with unacclimated sewage effluent a aloading of 1
mi/l, and the test substance a anomind loading of 2mg/l. The
dissolved oxygen (DO) concentration in replicate bottles was
measured on DaysO0, 5, 7, 11, 14, 18, 21, 25 and 28. Four
bottles were established for a concurrent five-day microbid
inhibition assay, in which the biodegradation of the readily
biodegradable reference substance, sodium benzoate, was
examined in the presence of the test substance. DO
concentration was measured in replicate bottles on Days 0 and
5.

A further eighteen bottles werefilled with minerd sdts
medium, inoculated with unacclimeatised sawage effluent & a
loading of 1 ml/l, and the reference substance, sodium benzoate
a anomind loading of 5mg/l. DO concentrationsin replicate
bottleswas measured on Days0, 5, 7, 11, 14, 18, 21, 25 and 28.
All test systemswereincubated at 22 + 2°C in darkness.
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HPV CHEMICAL CATEGORY SUMMARY::

Results

Degradation

Kinetic of test substance

Control substance

Kinetic

Conclusions

Data Quality

Reference

Theoretica oxygen demands for the test and reference
subgtances were based on caculated empirica formulae and
molecular weights. The study was initiated on 13 March 2002.

A maximum of 9% biodegradation was messured (on Day 28)
by the end of the Closed Bottle test.

The mean Totd Viable Count of the sample of find sewage
effluent in the main test was 1.9 x 10° ColonyForming Units
(CFU) per ml and the mean count in inoculated MSM on Day 0
was 1.4 x 10* CFU/m.

The presence of the test substance was not considered to have
caused any inhibitory affect on the norma degradetive activity
of the microbia inoculum on the reference substance.

8 (£) % after 28 day(9)

5day(s) 3and 3%

7 day(s) 4 and 6%

11 day(s) 0 and 2%
14 day(s) 0 and 0%
18 day(s) 8 and 8%
21 day(s) 1 and 3%
25 day(s) 4 and 6%
28 day(s) 5and 9%

Benzoic acid, sodium sdt

5 day(s) 69 and 70%
28 day(s) 81 and 83%

Not biodegradable
(2) Vaid without restriction
Huntingdon Life Sciences Ltd. 2002. Assessment of

biodegradability using the closed bottle method. Project ID
CSS016. Huntingdon Life Sciences Ltd., Cambridgeshire,

England.
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Biodegradation
Tedt Substance Pyrolysis C5s
CAS Number CAS Inventory Name
68476-55-1* Hydrocarbons, C5-rich
68476-43-7 Hydrocarbons, C4-6, C5-rich
68527-19-5 Hydrocarbons, C1-4, debutanizer
fraction
68603-00-9 Didtillates, petroleum, thermal
cracked ngphtha and gas ail
68956-55-8 Hydrocarbons, C5-unsatd.

Method/Guidedine

Year (guideling)

Type (test type)

GLP(Y/IN)

Year (study performed)

Inoculum

Exposure Period

Test Conditions

Note: Concentration prepar ation,

vessd type, replication, test
conditions.

Note 1: This CAS number has been designated as the suggested
CAS number for useinidentifying theindustry stream in future
reporting. Other CAS numbers shown in thelist above have
been used to identify the stream, and may aso beused in the
future.

OECD Guiddine 301F

1992

Ready Biodegradability: Manometric Respirometry Test
Yes

2003

Domedtic activated dudge

28 Days

Triplicate test sysems were used to eva uate the
biodegradability of the test and positive control substances at
mean concentrations of 49/ and 46 mg/L, repectively. Blank
test systems, which did not contain the test or positive control
substance, were run concurrently in triplicate.

Thetotd suspended solids (TSS) of the activated dudge was
determined to be 4.28 g/L.. Theinoculum was added & a1%
loading volume of dudge supernatant to test medium. The
microbial count of theinoculum was 10° CFU/mL. One liter of test
medium, which was aerated for 24 hours with carbon dioxidefree
ar, was added to each one liter respirometer flask. Thetest
substance wasweighed in an air tight syringe and injected into the
test medium. The test system was seded immediately after
addition of the test substance. An diquot of the pasitive control
stock solution was added to the gppropriate test flasks.
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HPV CHEMICAL CATEGORY SUMMARY::

Test Conditions(cont.)
Note: Concentration

preparation, vessd type,
replication, test conditions.

Results
Units'Value:

Note: Deviationsfrom protocol or
guiddine analytical method.

Conclusion
Réliability

Reference

An unacclimated activated dudge inoculum was used in this studly.
The inoculum was obtained from the Clinton Sanitary Wastewater
Treatment Plant, Annandale, NJ, USA. The treatment plant
receives domestic sawage.

All test systems were placed on a Coordinated Environmental
Sarvices (CES) automated respirometer which autometically
recorded the oxygen uptake in genera agreement with the OECD
guiddine The 28-day study was conducted a atemperature range
of 22+ 1°C.

Biodegradation was basad on oxygen consumption and the
theoretical oxygen demand of the test substance as cdculated
using results of an elemental anaysis of the test substance.

By day 14, >60% biodegradation of positive control was
observed, which meets the guiddine requirement. No
deviations from the protocol occurred that affected the integrity
of the study data.

No meesurable biodegradation was observed in triplicate test
systems therefore the test substance cannot be considered readily
biodegradable.

% Degradation* Mean %
Degradetion
Sample (day 28) day 28
Test Substance 0,0,0 0
NaBenzoate 91, 100, 89 A
* replicate data

Not readily biodegradable
(1) Reliable without regtriction
BExxonMobil Biomedicd Sciences, Inc. 2004. Ready

Biodegradability: Manometric Respirometry test. Study #
183994A
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HPV CHEMICAL CATEGORY SUMMARY::

Biodegradation

Test Substance
Remarks

Method
Method/guiddline followed

GLP

Yexr

Type

Inoculum

Concentration

Contact time

Test inoculum preparation

Study design

Hydrotrested C5s (CAS No. 68602-79-9, didtillates, petroleum,
benzene unit hydrotrester depentanizer overheads) are Pyrolysis
C5s (obtained by ditillation from the ethylene production
process) that have been partidly hydrogenated to reduce
diolefin content. The Paraffin/Olefin/Naphthaene/Arométic
(PONA) content of the sample tested was 30/61/8/0.1 and the
complex mixture conssted of 1,3-butadiene (7%), isopentane
(8%), n-pentane (15%), cis- and trans-pentene-2 (12%), 2-
methyl-2-butene (8%0), cyclopentene (22%), cyclopentane (8%),
baance (20%). Alternative CAS numbersfor thetest substance
are 68410-97-9 and 68603-00-9. The test substance was
congdered to be stable for the duration of the study. The carbon
content of the test substance was determined before the start of
the Closed Bottle test using a CEC Mode 440 Elementd
Andyser. The measured carbon content (86.7%) was equivaent
to 103% of the theoretical value (84.1%), which was based on
the pre-shipment composition of the test substance.

OECD Guiddine 301D and EC Directive 92/69, C.4-E and EPA
OPPTS 835.3110

Yes

2002

Aerobic

Domestic sawage effluent

2 mg/l related to test substance

28 days

A sample of secondary effluent was collected on the day of the
test from atricklingfilter plant, which treats predominantly
domestic waste. It was maintained under aerobic conditionsin
the laboratory, then, immediately before use, filtered through
glasswool and thefiltrate used as the inoculum for the test (1 ml
filtrate/litre test medium).

Eighteen bottles werefilled with aminerd salts medium,
inoculated with unacclimated sewage effluent at aloading of 1
mi/l, and the test substance a anomind loading of 2mg/l. The
dissolved oxygen (DO) concentration in replicate bottles was
measured on Days, 0, 5, 7, 11, 14, 18, 21, 25 and 28.

Four bottles were established for a concurrent five-day microbid
inhibition assay, in which the biodegradation of the readily
biodegradable reference substance, sodium benzoate, was
examined in the presence of the test substance. DO
concentration was measured in replicate bottles on Days 0 and 5.
A further eighteen bottles were filled with minerd salts medium,
inoculated with unacclimatised sewage effluent at aloading of 1
ml/l, and the reference substance, sodium benzoate a anominal
loading of 5mg/l. DO concentrations in replicate bottles was
measured on Days 0, 5, 7, 11, 14, 18, 21, 25 and 28.

All test systemswereincubated at 22 + 2°C in darkness.
Theoretica oxygen demands for the test and reference
substances were based on caculated empiricd formulae and
molecular weights. The study wasiinitiated on 15 October 2002.
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HPV CHEMICAL CATEGORY SUMMARY::

Results

Degradation

Kinetic of test substance

Control substance

Kinetic

Conclusions

Data Quality

Reference

A sample of secondary effluent was collected on the day of the
test from atricklingfilter plant, which treats predominantly
domestic waste. It was maintained under aerobic conditionsin
the laboratory, then, immediately before use, filtered through
glasswool and thefiltrate used as the inoculum for thetest (1 ml
filtrate/litre test medium).

A maximum of 51% hiodegradation was measured (on Day 28)
by the end of the Closed Bottle test.

The mean Tota Viable Count of the sample of find sewage
effluent in the main test was 1.6 x 10° Colony Forming Units
(CFU) per ml and was diluted 1000-fold inthe medium. The
mean count of viable micorganismsin inoculated MSM on Day
Owas 2.7 x 10° CFU/m.

The presence of the test substance was not considered to have
caused any inhibitory affect on the normal degradative activity
of the microbid inoculum on the reference substance.

51 () % after 28 day(s)

5 day(s) 0 and 0%

7 day(s) 3and 1%

11 day(s) 0 and 0%
14 day(s) 15 and 28%
18 day(s) 17 and 17%
21 day(s) 33 and 15%
25 day(s) 8 and 30%
28 day(s) 6 and 51%

Benzoic acid, sodium sdt

5 day(s) 76 and 74%
28 day(s) 89 and 88%

Not readily biodegradable

(2) Vdid without restriction

Huntingdon Life Sciences Ltd. 2003. Assessment of
biodegradability using the closed bottle method. Project ID

CSS026. Huntingdon Life Sciences Ltd., Cambridgeshire,
England.
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HPV CHEMICAL CATEGORY SUMMARY::

Biodegradation
Test Substance Hydrotreated C5s
CAS Number CAS Inventory Name
68602-79-9" Distillates, petroleum, benzene unit
hydrotreater depentanizer
overheads
68410-97-9 Didtillates, petroleum, light
didtillate hydrotreating process,
low boailing
68603-00-9 Didtillates, petroleum light

Method/Guideline:
Year (quideline)

Type (test type)
GLP(Y/N)

Year (sudy performed)
Inoculum

Exposure Period

Test Conditions

Note: Concentration preparation,
vess type, replication, test conditions.

ditillate hydrotreating process,
low-bailing

Note 1: This CAS number has been designated asthe
suggested CAS number for usein identifying the industry
stream in future reporting. Other CAS numbers shown in the
list above have been used to identify the stream, and may dso
be used in the future.

OECD Guiddine 301F

1992

Ready Biodegradability: Manometric Respirometry Test
Yes

2003

Domedtic activated dudge

60 Days

Triplicate test systems were used to evauatethe
biodegradability of the test and positive control substances at
mean concentrations of 48/L and 46 mg/L, repectively. Blank
test systems, which did not contain the test or positive control
substance, were run concurrently in triplicate.

The totd sugpended solids (TSS) of the activated dudge was
determined to be 4.28 g/L.. Theinoculum was added & a1%
loading volume of dudge supernatant to test medium. The
microbial count of the inoculum was 10° CFU/mL. Oneliter of
test medium, which was aerated for 24 hourswith carbon dioxide
free air, was added to each one liter respirometer flask. The test
substance was weighed in an air tight syringe and injected into
thetest medium. The test system was sealed immediately after
addition of the test substance. An diquot of the positive control
stock solution was added to the gppropriate test flasks.
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HPV CHEMICAL CATEGORY SUMMARY::

Test Conditions(cont.)

Note: Concentration preparation,
vess type, replication, test
conditions.

Results
UnitgValue

Note: Deviationsfrom protocol or
guideline analytical method.

Conclusion
Rédliability

Reference

An unacclimated activated dudge inoculum was used in this
study. The inoculum was obtained from the Clinton Sanitary
Wadtewater Trestment Plant, Annandae, NJ, USA. The
trestment plant receives domestic sewage.

All test systems were placed on a Coordinated Environmental
Services (CES) automated respirometer which automatically
recorded the oxygen uptake in genera agreement with the OECD
guiddine. The 60-day study was conducted at atemperature
rangeof 22+ 1°C.

Biodegradation was basad on oxygen consumption and the
theoretical oxygen demand of the test substance as cal culated
using results of an eemental anaysis of the test substance.

By day 14, >60% biodegradation of positive control was
observed, which meatsthe guiddine requirement. The positive
control was terminated as 28 days. No deviations from the
protocol occurred that affected the integrity of the study data.

The test substance biodegradation run was extended beyond 28
days. The mean percent biodegradation of the test substance was
determined to be 67% on day 60. The test substance did not
achieve 60% biodegradation &fter 28 days therefore the test
substance cannot be consdered readily biodegradable.

% Degradetion* Mean %

Degradation

Sample (day 28) day 28
Test Substance 0,19,3 17%*
Na Benzoate 91, 100, 89 93

Sample (day 60) (day 60)

Test Substance 39,72,62
67 **

* replicete deta

**Replicate # 1 omitted due to copper sulfate in the trap.
Not reedily biodegradable

(1) Rdiable without restriction

BExxonMohil Biomedica Sciences, Inc. 2004. Ready

Biodegradability: Manometric Respirometry test. Study #
1838%M4A
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HPV CHEMICAL CATEGORY SUMMARY:: C5 NON-CYCLICS CATEGORY

HUMAN HEALTH ROBUST SUMMARIES

Acute Toxicity

Test Substance Isoprene, CASH 78-79-5

Method

Method/guideline followed Other.

Type (test type) Acuteinhdation -LCsg

GLP Pre-GLP

Year 1969

Species’'Strain Rat and mouse (strains not specified)

Sex Not specified

No. of animals per sex per dose Not specified

Vehide Not applicable

Route of administration Inhalation (vapor)

Test Conditions Age, number, and sex of test animals not pecified. Number of
groups and expasure concentrations not specified. Dynamic
flow exposure systemn; no description of exposure chambers or
conditions. Rats exposed four hours; mice exposed two hours.
No post-exposure observetion period - mortality study only.
Exposure concentrations " controlled” by gas chromatography .
LC50 calculation by probit-analysis according to Litchfield and
Wilcoxon.

Results

LGCso with confidence limits Rat LCsp (4 hr) = 180 mg/L (64,620 ppm); confidence limits
130-181 mg/L (p<0.05).

Mouse LCsq (2 hr) = 157 mg/L (56,363 ppm); confidence limits
129-252 mg/L (p<0.05).

Remarks No dlinical observations or necropsy findings reported.
Objective of study was to determine hydrocarbon concentrations
in varioustissues at letha exposure concentrations.

Conclusions LC50 vaue reported to be 180 mg/L (64,620 ppm) in rats, 157
mg/L (56,363 ppm) in mice.

Data Quality

Rdiahility Not assignable. Lethality study only; insufficient experimental
detail to assess quality.

Reference Shugaev, B.B. (1969) Concentrations of Hydrocarbonsin
TissuesasaMeasure of Toxicity. Arch. Environ. Hedlth
18:878-882.
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HPV CHEMICAL CATEGORY SUMMARY::

Genetic Toxicity - in vitro

Test Substance
Test substance

Method
Method/guideline followed

Type

System of tegting

GLP

Year

SpeciesdStrain
Metabolic activation
Speciesand cdll type
Quantity

Induced or not induced
Concentrations tested
Statistical Methods

Remarksfor Test Conditions

Results
Genotoxic effects

Conclusions

Data Quality
Rdiabilities

Reference

Isoprene, CASH 78-79-5
Purity >99%.

OECD 471
Ames Salmonella/bacterial reverse mutation test (pre-incubation

1986

SAmondla/ TA98, TA100, TA1535, TA1537

With and without

Rat and hamdter liver SO fraction

0.5 ml/plate

Arochlor 1254-induced (500 mg/kg for 5 days)

0, 100, 333, 1000, 3333, 10000 ug/plate

A positive response was defined as a reproducible, doserdated
increasein revertant coloniesin any one strain/activetion
combination. There was ho minimum percentage or fold
increase required for the chemical to be judged positive or
weakly postive.

The preincubation modification of the Salmondla/mammalian
microsome assay was used to test isoprenein five different
Salmondlla grainsin the presence and absence of rat and
hamger liver S9. Fivedoselevelsweretested , with three
plates per doselevel. The high dosewas limited by toxicity to
10,000 ug/plate. Concurrent positive controls were also tested
with and without metabolic activation. The assay was repeated
less than one week after completion of theinitia tet.

Negative
| soprene was not mutagenic in any of the five strains of
Salmonella tested in the presence or absence of Aroclor-induced

rat or hamster liver 9.

|soprene was not mutagenic in the Ames Sdmonela
mutagenicity test.

(1) Reliable without restrictions. Evaluated as part of aNTP-
sponsored interlaboratory study of 270 chemicals.

Mortelmans, K., Haworth, S., Lawlor, T., Speck, W., Tainer, B.,
and Zeiger, E. (1986) Sdmondlamutagenicity tests: |1. Results
from the testing of 270 chemicals. Environ. Mutagen. 8 (Suppl.
7): 1-119.
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HPV CHEMICAL CATEGORY SUMMARY::

Genetic Toxicity - in vitro

Test Substance
Test substance

Method
Method/guideline followed

Type

System of testing

GLP

Yeax

Metabolic activation
Concentrations tested
Control groups and trestment

Statistical Methods

Remarksfor Test Conditions

Results
Genotoxic effects

Conclusions

Data Quality
Rdiabilities

Reference

Isoprene, CASH 78-79-5
Purity >99%.

OECD 479

Invitro Sister Chromatid Exchange (SCE) Assay in Mammdian
Cdls

Chinese hamgter ovary (CHO) cdlls

Yes

1987

Arodor 1254-induced Sprague-Dawley rat liver 9

50, 160, 500, 1600 ug/ml (without S9), or 160, 500, 1600, 5000
ug/ml (with S9)

Solvent controls: dimethylsulfoxide; positive controls:
Mitomycin-C (without S9), cyclophosphamide (with S9).

Statigtica analyses were conducted on the sopes of the dose
response curves and the individua dose points. A frequency
20% above the solvent control group was considered positive.
Positive trend tests (p<0.05) in the absence of a significant
difference & any one dose were considered equivocal.

I soprene was tested in cultured Chinese hamdter ovary (CHO)
cdlsfor induction of Sster chromatid exchanges (SCE) bothin
the presence and absence of Aroclor 1254-induced Sprague-
Dawley rat liver 9. Thetest included concurrent solvent and
positive controls and four doses of isoprene. A single flask per
dose was used. All dideswere scored blind and those from a
single test were read by the same person. Fifty 2"%-division
metaphase cdlls were scored for frequency of SCES/cell from
esch doselevd.

Negetive
No increasesin SCEs were noted in cultured CHO cdlls treated
with isoprene, with or without S9.

Isoprene did not induce sister chromatid exchangesin vitroin
cultures of Chinese hamster ovary cdlls.

(1) Reliable without restrictions. Evaluated as part of aNTP-
sponsored study of 108 chemicals.

Gdloway, SM., Armstrong, M.J., Reuben, C., Colman, S,
Brown, B., Cannon, C., Bloom, A.D., Nakamura, F., Ahmed,
M., Duk, S, Rimpo, J,, Margalin, B.H., Resnick, M.A.,
Anderson, B., and Zeiger, E. (1987). Chromosome aberrations
and ster chromatid exchangesin Chinese hamster ovary cdlls
evauaions of 108 chemicas. Environ Mol. Mutagen 10:1-175.
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Genetic Toxicity - in vitro

Test Substance
Test substance

Method

Method/guideline followed
Type

System of testing

GLP

Yex

Metabolic activation
Concentrations tested
Control groups and trestment

Statistical Methods

Remarksfor Test Conditions

Results
Genotoxic effects

Conclusions

Data Quality
Rdiabilities

Reference

Isoprene, CASH 78-79-5
Purity >99%.

OECD 473

Invitro Mammalian Chromosoma Aberration Test

Chinese hamgter ovary (CHO) cdlls

Yes

1987

Arodlor 1254-induced Sprague-Dawley rat liver S9.

1600, 3000, 5000 ug/ml

Solvent control: dimethylsulfoxide; positive controls:
Mitomycin-C (without S9), cyclophosphamide (with S9).
Statidtical anayses were conducted on the dopes of the dose
response curves and the individual dose points. A datistically
significant (p<0.05) difference for one point and asignificant
trend (p<0.015) was considered positive. Positive trend tests
(p<0.05) in the absence of aggnificant difference a any one
dose were considered equivocal.

Isoprene was tested in cultured Chinese hamster ovary (CHO)
cdlsfor induction of chromosoma aberrations (Abs), bothin
the presence and absence of Aroclor 1254-induced Sprague-
Dawley ret liver S9. The test included concurrent solvent and
paositive controls and three doses of isoprene. A single flask per
dose was used. All dideswere scored blind and those from a
single test were read by the same person. Two hundred 1%'-
division metgphase cdls were scored for chromosoma
aberrdions a each dose levd.

Negative
No increasesin chromosomal aberrations were noted in cultured
CHO cellstreated with isoprene, with or without S9.

Isoprene did not induce chromosoma aberrationsin vitroin
cultures of Chinese hamgter ovary cdls.

(1) Reliable without restrictions. Evaluated as part of aNTP-
sponsored study of 108 chemicals.

Gdloway, SM., Armstrong, M.J.,, Reuben, C., Colman, S,
Brown, B., Cannon, C., Bloom, A.D., Nakamura, F., Ahmed,
M., Duk, S, Rimpo, J,, Margalin, B.H., Resnick, M.A.,
Anderson, B., and Zeiger, E. (1987). Chromosome aberrations
and Sgter chromatid exchangesin Chinese hamdter ovary cdls
evauations of 108 chemicas. Environ Mal. Mutagen 10:1-175.
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HPV CHEMICAL CATEGORY SUMMARY::

Genetic Toxicity - in vitro

Test Substance
Remarks

Method

Method/guiddine followed
Type

GLP

Yexr

Spedies

Stran

Sx

Route of administration
Doses/concentration levels
Exposure period

Statistical methods

Remarksfor Test Conditions

Results
Genotoxic effects
NOAEL (NOEL)
LOAEL (LOEL)

Conclusions

Isoprene, CASH 78-79-5
Purity >98%.

OECD 475

Mammédian Bone Marow Chromosoma Aberration Test

Yes

1988

Mouse

B6C3F1

15 mde/group

Inhalation (vapor)

0, 438, 1750, 7000 ppm

6 hourg/day for 12 days

Thefrequencies of chromosoma aberrations (Abs) were
andyzed for increasing trend by the one-tailed Cochran-
Armitrage trend test (p<0.05). For data exhibiting a significant
trend, pairwise compari sons between each exposure group and
the concurrent control were performed using ether the one-
tailed or two-tailed t-test

Fifteen male B6C3F1 mice (gpproximately 6-7 weeks old) per
group were exposed for 12 days, 6 h/day to 0, 438, 1750, or
7000 ppm of isoprene by inhdation. The exposure regimen was
3 exposure days, 2 days off, 5 exposure days, 2 days off, then 4
exposure days. Exposure concentrations were monitored by gas
chromatography. The animaswereimplanted with aBrdU
tablet 1 hour before the 12th exposure. Two hours before
sacrifice on the following day, the animas received an
intraperitonedl injection of colchicine. For analysis of Abs, 10
mice per exposure group were killed 17-20 hours after BrdU
implantation. Bone marrow was removed, fixed onto dides, and
stained using differential chromatid staining. Fifty firgt-division
metaphase cdls were scored for Abs from 8 mice/group.
Additionaly, 100 randomly selected metaphase cdlls per dide
were scored for replication history to provide data on cell
generation time, ameasure of cdll proliferation kinetics. The
percentage of cdlsin metgphase among 1000 cdls'sample was
usad to caculate the mitotic index.

Negdtive
7000 ppm
>7000 ppm

Exposure to isoprenefor 6 hday at 0, 438, 1750, or 7000 ppm
for 12 daysdid not induce a statisticaly significant increasein
the frequency of chromosomal aberrations (Abs) in bone
marrow cells. Theincidence of bone marrow cdlswith
chromosoma aberrations (Abs) was dightly elevated in the
exposed groups compared to the control (0.02 at 0 ppm vs. 0.04,
0.05, and 0.04 at 438, 1750, and 7000 ppm), but these increases
were not satigticaly sgnificant. Mitotic index dataindicated no
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significant change in the percentage of bone marrow cells
engaged in division, athough the 7000 ppm group was dightly
increased compared to the contols (1.15% vs 1.30%). Anaysis
of average generation time showed a datigticaly significant
lengt hening of the cdll cycle duration of proliferating cdllsin the
7000 ppm group (13.72 hours a 7000 ppm vs.11.68 hours at 0
ppm).

Theincidence of bone marrow cdlswith chromosomal
aberrationsin male mice treated with isoprenefor 12 dayswere
dightly elevated at dl dose groups compared to the controls, but
were not statistically increased.

Data Quality
Rdiahilities (1) Reliable without retriction
References Tice, RR., Boucher, R, Luke, C.A., Paquette, D.E., Mdnick,

R.L., and Shelby, M.D. (1988). Chloroprene and isoprene:
cytogenetic studiesin mice. Mutagenesis 3(2):141-146.
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Genetic Toxicity - in vitro

Test Substance
Remarks

Method
Method/guideline followed
Type

System of testing

GLP

Yexr

SpeciesdStrain
Metabolic activation
Speciesand cell type
Quantity

Induced or not induced
Concentrations tested

Statistical Methods

Remarksfor Test Conditions

Results

Genotoxic effects

Conclusions

Data Quality

Reference

2-Butene, 2-methyl CAS#513-35-9
(2-methyl-2-butene, 85% purity)

OECD 471

Ames Salmondla/bacteria reverse mutation test (pre-incubation
assay).

Bacterid.

Yes

1980.

Salmondla typhimurium/ TA98, TA100, TA1535, TA1537,
TA1538

With and without.

Rat liver S9 fraction.

0.5 ml/plate.

Arochlor 1254-induced.

0, 0.2, 2, 20, 500, and 2000 ug/plate.

A positive response was defined as aminimum consistent
doubling of the spontaneous reversion frequency, or if the
number of induced revertantsis less than twice the spontaneous
rate then areproducible, dosardated increase in any one
Strain/activation combination was interpreted as positive.

The preincubation modification of the Salmondla/mammadian
microsome assay wastested infive different Salmondla strains
in the presence and absence of ret liver S9. Fivedoseleves
were tested, with three plates per doselevel. Bacteria (0.5 ml)
and SO mix or pH 7.4 phosphate buffer (2.5 ml) were incubated
at 37°C with the test substance in ethanol (0.1 ml) 30 minutes
before incorporation of 0.5 ml of this mixtureinto 2 ml of top
agar. Concurrent positive and solvent controls were also tested
with and without metabolic activation. Two replicate assays
were performed on different days to confirm the reproducibility
of the results.

Negative
Thetest substance was not mutagenic in any of thefive strains
of Salmonella tested in the presence or absence of metabolic

activation (rat liver S9).

Thetest substance was not mutagenic in the Ames Samonella
mutagenicity test.

(1) Reliable without retriction
Dean, B.J., Brooks, T.M., Hodson-Waker, G., and Hutson,

D.H. (1985). Genetic toxicology testing of 41 industria
chemicas. Mutation Research 153:57-77.
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Genetic Toxicity - in vitro

Test Substance Hydrotrested C5s (CAS No. 68602-79-9, didtillates, petroleum,
Remarks benzene unit hydrotreater depentanizer overheads) are Pryolysis
C5s (obtained by didtillation from the ethylene production
process) that have been partidly hydrogenated to reduce
diolefin content. The Paraffin/ Olefin/ Naphthene/ Aromatic
PONA) content of the sample tested was 30/61/8/0.1 and the
complex mixture conssted of 1,3-butadiene (7%6), isopentane
(8%), n-pentane (15%), cis- and trans-entene-2 (12%), 2-
methyl-2-butene (8%), cyclopentene (22%0), cyclopentane (8%),
baance (20%). Alternative CAS numbersfor the test substance
are 68410-97-9 and 68603-00-9. The test substance was
considered to be stable for the duration of the study.

Method
Method / guiddline followed Directive 2000/32/EC, B.13/14; OECD Guiddine 471; OPPTS
7705100

GLP Yes

Yex 2002

Type Bacterid reverse mutetion assay

System Bacterid - Salmondla typhimurium, strains TA1535, TA1537,
TA98 and TA100 and E. cdli, strain WP2uvrA/pKM 101
(CM891) were used.

Concentrations 0,.85, 0.27, 0.085, 0.027, 0.0085, 0.0027, 00085 % v/v (8500,
2700, 850, 270, 8.5 ppm) - test 1

0.85, 0.425, 0.213, 0.107, 0.054% v/v (8500, 4250, 2130, 1070,
540 ppm) test 2

Metabolic activation With and without S9 mix (10% viv intest 1, 20% viv intest 2)
prepared from Aroclor-induced rat liver.

Study design Concentrations of the test substance up to 0.85% v/v (8500 ppm;
50% of the Lower Explosive Limit) weretested in the mutation
testsin vapour phase. Agar plates, seeded with the tester
grains, were exposed to the test substance for 48 hours at 37°C,
theincubated in the absence of the test substance for afurther

24 hours. Revertant colony numbers were counted after

incubation.

Thefollowing positive control chemicals were used:

(@ Requiring metabolic activation (response relative to
untreated controls); Benzo[a|pyrene, 5 ny/plate: TA98 6-13
X, TA100 4-6 x, TA1537 7-15 x; 2-Aminocanthracene, 2
ny/plate: TA1535 4-16x; 2-Aminocanthracene, 10 ny/plate:
CM891 8-10x.

(b) Direct-acting (response relative to untregted controls): 2-
Nitrofluorene, 1 my/plate: TA98 9-13 x; Sodium ezide, 0.5
ny/plate: TA100 4-6 x, TA1535 16-32 x; 9-Aminoacridine,
50 my/plate: TA1537 26-37 x; AF-2, 0.05 mg/plate; CM891
3 x; Dichloromethane, 7.5% v/v in vapour phase: TA98 34
X; TA1009-14 x.

All responses were within historical data ranges.

Results No signs of toxicity observed towards the tester strainsin ether

126



HPV CHEMICAL CATEGORY SUMMARY:: C5 NON-CYCLICS CATEGORY

mutation test. All bacterid lavnswere normdl.

Conclusions Negetive
Data Quality (1) vdid without redtriction
Reference Huntingdon Life Sciences Ltd. 2002. Bacterid Reverse

Mutation Test. Project ID CSS 019. Huntingdon Life Sciences
Ltd., Cambrdigeshire, England
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Genetic Toxicity - in vitro

Test Substance Pyrolyss C5s (CAS No. 68476-55-1, hydrocarbons, C5-rich)
Remarks are produced as a C5 hydrocarbons digtillate fraction from
pyrolysis gasoline obtained from ethylene production (steam
cracking process). The sample tested consisted of isoprene
(18%0), cis- and trans-pentadiene-1,3 (16%), cyclopentadiene +
dicyclopentadiene (14%), n-pentane (10%), cyclopentene (7%0),
2methyl-2-butene (3%) and cyclopentane (1%). The baance
congsts of other hydrocarbons with similar boiling points
(primarily C5s). Alternative CAS numbersfor the test
substance are 68476-43-7, 68527-19-5, 68603-00-9 and 68956~
55-8. Thethree mgor components anaysed were shown to be
stable for the duration of testing in this study

Method
Method / guideline followed Directive 2000/32/EC, B, B.13/14; OECD Guiddine 471;
OPPTS 7705100

GLP Yes

Year 2002

Type Bacterid reverse mutation assay

System Bacterid - Salmondla typhimurium, strains TA1535, TA1537,
TA98 and TA100 and E. cdli, strain WP2uvrA/pKM 101
(CM891) were used.

Concentrations 0.525, 0.166, 0.0525, 0.0166, 0.00525, 0.00166, 000525 %ov/v
(5250, 1660, 525, 166, 52.5, 16.6, 5.25 ppm) - test 1

0.525, 0.263, 0.131, 0.066, 0.033% Vv/v (5250, 2360, 1310, 660,
330 ppm) - test 2

Metabolic activation With and without S9 mix (10% v/v intest 1, 20% viv in test 2)
prepared from Aroclor-induced ret liver.

Study design Concentrations of the test substance upto 0.525% v/v (5250
ppm; 50% of the Lower Explosive Limit) weretested in the
mutation testsin vapour phase. Agar plates, seeded with the
tester dtrains, were exposed to the test substance for 48 hours at
37°C, then incubated in the absence of the test substancefor a
further 24 hours. Revertant colony numbers were counted after
incubation.

Thefollowing positive control chemicas were used:

(@ Requiring metabolic activation (response relative to
untreated control):

Benzo[a|pyrene, 5 ny/plate: TA98 8-9x , TA100 3-4 X,
TA1537 9-10 x; 2-Aminoanthracene, 2 ny/plate TA1535 4-
13 x; 2-Aminoanthracene, 10 ny/plate: CM891 7-8 x.

(b) Direct-acting (response relative to untreated controls): 2-
Nitrofluorene, 1 ny/plate: TA98 9-23 x; Sodium azide, 0.5
ny/plate TA100 4-5 x, TA1535 22-27 x; 9-Aminoacridine,
30 ny/plate: TA1537 14-21 x; AF-2, 0.05 ny/plate CM891
8-9x; Dichloromethane, 7.5% v/v in vapour phase: TA93
36-51x; TA100 18 x.

All responses were within higtorical dataranges, except

dichloromethane, where responses exceeded the hitorical data

range

Results No signs of toxicity observed towards the tester strainsin either
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mutation test. All becterid lawnswere normal.
No increasesin reversion to prototrophy were obtained in any of
the tester strains following exposure to the test substance.
Conclusions Negetive
Data quality (1) vdid without regtriction
Reference Huntingdon Life Sciences Itd. 2002. Bacterid Reverse Mutation
Tedt. Project ID CSS 009. Huntingdon Life SciencesLtd.,
Cambridgeshire, England.
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Genetic Toxicity - in vivo

Test Substance
Remarks

Method
Method/guideline followed

Type

GLP

Year

Soedies

Strain

Sx

Route of adminigtration
Doses/concentration levels
Exposure period

Statistical methods

Remarksfor Test Conditions

Results
Genotoxic effects
NOAEL (NOEL)
LOAEL (LOEL)

Conclusions

Isoprene, CASH 78-79-5
Purity >98%.

Other.

In vivo Sigter Chromatid Exchange (mouse bone marrow
cytogenetics study)

Yes

1988

Mouse

B6C3F1

15 mde/group

Inhalation (vapor)

0, 438, 1750, 7000 ppm

6 hours/day for 12 days

Thefrequencies of sister chromatid exchanges (SCEs) were
andyzed for increasing trend by the one-tailed Cochran-
Armitrage trend test (p<0.05). For data exhibiting a significant
trend, pairwise compari sons between each exposure group and
the concurrent control were performed using either the one-
tailed or two-tailed t-test

Fifteen male B6C3F1 mice (gpproximately 6-7 weeks old) per
group were exposed for 12 days, 6 h/day to 0, 438, 1750, or
7000 ppm of isoprene by inhalation. The exposure regimen was
3 exposure days, 2 days off, 5 exposure days, 2 days off, then 4
exposure days. Exposure concentrations were monitored by gas
chromatography. The animaswere implanted with aBrdU
tablet 1 hour before the 12th exposure. Two hours before
sacrifice on the following day, the animas received an
intrgperitoned injection of colchicine. For andysis of SCE, 5
mice per exposure group were killed 24 hours after BrdU
implantation. Bone marrow was removed, fixed onto dides, and
dtained using differentia chrometid staining. Twenty-five
second-divison metgphase cells were scored for SCEsfrom 4
mice/group.

Pogtive
<438 ppm
438 ppm

Exposureto isoprene for 6 h/day at 0, 438, 1750, or 7000 ppm
for 12 daysinduced asgnificant increase in the frequency of
SCEsin bone marrow cdlls et dl three doselevels (440 & 0
ppm, 14.84 at 438 ppm, 11.61 at 1750 ppm, and 13.98 at 7000
ppm). Theincreased SCE responsesin the exposed groups were
not setidicdly different from each other.. There were no
sgnificant clinical Signs or mortality throughout the study.

Isoprene was found to be genatoxic and cytotoxic to mouse
bone marrow in vivo - inducing SCE, inhihiting cellular
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proliferation, and suppressing the rate of erythropoiesis. The
lack of dgnificant differencein SCEs among the three exposed
groups suggests a saturation of the metabolic capacity of mde

mice to form reective species.
Data Quality
Reliabilities (1) Reliablewithout restrictions. NTP-sponsored study.
Reference Tice, RR., Boucher, R., Luke, C.A., Paguette, D.E., Mdnick,

R.L., and Shelby, M.D. (1988). Chloroprene and isoprene:
cytogenetic studiesin mice. Mutagenesis 3(2):141-146.
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Genetic Toxicity - in vivo

Test Substance
Remarks

Method

Method/guideline followed
Type

GLP

Year

Soedies

Stran

S

Route of administration
Doses/concentration levels
Exposure period

Statistical methods

Remarksfor Test Conditions

Results
Genotoxic effects
NOAEL (NOEL)
LOAEL (LOEL)

Isoprene, CASH 78-79-5
Purity >98%

OECD 475

Mammalian Bone Marrow Chromosoma Aberration Test

Yes

1988

Mouse

B6C3F1

15 mde/group

Inhalation (vapor)

0, 438, 1750, 7000 ppm

6 hours/day for 12 days

The frequencies of chromosoma aberrations (Abs) were
andyzed for increasing trend by the one-tailed Cochran-
Armitrage trend test (p<0.05). For data exhibiting a significant
trend, pairwise comparisons between each exposure group and
the concurrent control were performed using either the one-
tailed or two-tailed t-test

Fifteen male B6C3F1 mice (gpproximately 6-7 weeks old) per
group were exposed for 12 days, 6 h/day to 0, 438, 1750, or
7000 ppm of isoprene by inhdation. The exposure regimen was
3 exposure days, 2 days off, 5 exposure days, 2 days off, then 4
exposure days. Exposure concentrations were monitored by gas
chromatography. The animaswere implanted with a BrdU
tablet 1 hour before the 12th exposure. Two hours before
sacrifice on the following day, the animals received an
intrgperitoned injection of colchicine. For andysisof Abs, 10
mice per exposure group were killed 17-20 hours after BrdU
implantation. Bone marrow was removed, fixed onto dides, and
stained using differentia chromatid saining. Fifty firs-divison
metgphase cdls were scored for Abs from 8 mice/group.
Additionally, 100 randomly selected metaphase cdlls per dide
were scored for replication history to provide dataon cell
generation time, amessure of cdll proliferation kinetics. The
percentage of cdllsin metgphase among 1000 cdls'sample was
usad to cdculate the mitotic index.

Negative
7000 ppm
>7000 ppm

Exposure to isoprenefor 6 hday at 0, 438, 1750, or 7000 ppm
for 12 days did not induce agtatistically significant increasein
the frequency of chromosomal aberrations (Abs) in bone
marrow cells. Theincidence of bone marrow cdlswith
chromaosomal aberrations (Abs) was dightly elevated in the
exposed groups compared to the control (0.02 at 0 ppm vs. 0.04,
0.05, and 0.04 at 438, 1750, and 7000 ppm), but these increases
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were not saigticaly sgnificant. Mitotic index dataindicated no
sgnificant change in the percentage of bone marrow cells
engaged in divison, dthough the 7000 ppm group was dightly
increased compared to the contols (1.15% vs 1.30%). Anaysis
of average generaion time showed a datigticaly significant
lengthening of the cdll cycle duration of proliferating cellsin the
7000 ppm group (13.72 hours a 7000 ppm vs.11.68 hours at O
ppm).

Conclusions Theincidence of bone marrow cdlswith chromosomal
aberrationsin male mice treated with isoprenefor 12 dayswere
dightly elevated at dl dose groups compared to the controls, but
were not statistically increased.

Data Quality
Reiabilities (1) Reliablewithout redtrictions. NTP-sponsored study.
Reference Tice, RR., Boucher, R., Luke, CA., Paquette, D.E., Mdnick,

R.L., and Shelby, M.D. (1988). Chloroprene and isoprene:
cytogenetic sudiesin mice. Mutagenesis 3(2):141-146.
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Genetic Toxicity - in vivo

Test Substance
Remarks

Method

Method/guideline followed
Type

GLP

Year

Soedies

Stran

Sx

Route of administration
Doses/concentration levels
Exposure period

Statistical methods

Remarksfor Test Conditions

Results
Genotoxic effects
NOAEL (NOEL)
LOAEL (LOEL)

Conclusions

Isoprene, CASH 78-79-5
Purity >98%

OECD 474

Mammalian Erythrocyte Micronucleus Test

Yes

1988

Mouse

B6C3F1

15 mde/group

Inhalation (vapor)

0, 438, 1750, 7000 ppm

6 hours/day for 12 days

The number of micronucleated erythrocytes (MN) were summed
across animals within each group and analyzed for increasing
trend by aone-tailed trend test (p<0.05). For dataexhibiting a
significant trend, pairwise comparisons between each exposure
group and the concurrent control were performed using aone-
tailed Pearson Chi square test to determine the minimal effective
dose.

Approximately 24 hours following the last exposure peripherd
blood samples were obtained from each animd by tail snip,
immediately ar-dried and fixed with methanol. One thousand
polychromatic erythrocytes (PCEs) and 1000 normochromeatic
erythrocytes (NCEs) were scored per animal for frequency of
micronucleated erythrocytes (MN). The percentage of PCEsin
1000 erythrocytes was d so determined as a measure of
isoprene-induced toxicity.

Postive
<438 ppm.
438 ppm.

Exposure to isoprenefor 6 hday at 0, 438, 1750, or 7000 ppm
for 12 daysinduced adtatigticdly significant increasein the
frequency of MN-PCEsand NCEsin mde miceat dl exposure
levelstested. The frequencies of MN-PCEs were 2.00, 12.00,
15.60, and 16.93 0, 438, 1750, and 7000 ppm. The responses a
the 1750 and 7000 ppm levels both were greater than the 438
ppm leve, but not statistically different from each other. There
aso was adoserelated decrease in the percentage of PCEs, a
measure of the rate erythropoiesis (3.91, 3.00, 2.87, and 1.64 a
0, 438, 1750, and 7000 ppm). There were no significant
dinicd dgnsor mortality throughout the study.

Isoprene was found to be genatoxic to mouse bone marrow in
vivo by inducing increased MN  in the peripherd blood of mde
mice. Suppression of erythropoiesis was suggested by decreased
percentage of PCEs.
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Data Quality
Rdiahilities (1) Relidblewithout restrictions. NTP-sponsored study.
Reference Tice, RR., Boucher, R, Luke, CA., Paquette, D.E., Mdnick,

R.L., and Shelby, M.D. (1988). Chloroprene and isoprene:
cytogenetic studiesin mice. Mutagenesis 3(2):141-146.
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Test Substance
Remarks

Method

Method/guiddine followed
Type

GLP

Yexr

Spedies

Stran

Sx

Route of administration
Doses/concentration levels
Exposure period

Statistical methods

Remarksfor Test Conditions

Results
Genotoxic effects

Conclusions

Data Quality
Rdiabilities

Isoprene, CAS# 78-79-5
Purity >99.7%.

Other

Rat Lung Fibroblast Micronucleus Test

Yes

1997

Rat

Fischer 344

10 mde and 10 femae/group

Inhalation (vapor)

0, 220, 700, or 7000 ppm

6 hours/day, 5 days/week, for 4 weeks

Means, standard deviations, and standard error of the mean for
the number of mononud eated cells'2000 binucleated cdls and
micronuclei/1000 binuclested cells were caculated. A two-way
andysis of variance was used to andyze the measurements.
Intergroup differences were delinested by Tukey's studentized
range test.

This study was performed in conjunction with atwo-year
carcinogenicity study. Groups of 10 male and 10 femaerats
(approximately 6-7 weeks old) per group were exposed for 4
weeks (17-19 totd exposures) to 0, 220, 700, or 7000 ppm of
isoprene by inhalation. Therats received at least two
consecutive days of exposure prior to sacrifice and lung cell
isolation. Lung fibroblasts wereisolated and cultured in single-
chamber didesfor 72 hours. The dideswerefixed and stained
(acridine orange), and 1000 binucested cdlls on eech of two
dides per anima were scored. The number of mononucleated
cdlsand micronude were recorded following a sandard
sooring criteria

Negative

There were no statigticaly significant differences between the
male or femae exposed and control groups for micronuc ested
rat lung fibroblasts. There were no Sgnificant clinicd sgnsor
mortality during the exposure period.

No sgnificant increasein the frequency of micronucleated lung
fibroblasts was observed in mae and femae rats exposed to
isoprene for 4 weeks.

(1) Rdliable with restrictions. Non-standard method, but
comparableto guiddine study. Conducted as part of NTP two-
year carcinogenicity study.
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Reference

Nationa Toxicology Program (1997). Toxicology and
Carcinogenesis Studies of 1soprene (CASNo. 78-79-5) in
F344/N Rats (Inhdation Studies). Report No. TR-486.
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Test Substance
Remarks

Method
Method / guiddline followed

GLP

Yexr

Type

Spedies

Sex

Stran

Route of administration

Exposure period
Doses

Study design

Results

Hydrotreasted C5s (CAS No. 68602-79-9, didtillates, petroleum,
benzene unit hydrotreater depentanizer overheads) are Pryolysis
C5s (obtained by didtillation from the ethylene production
process) that have been partidly hydrogenated to reduce
diolefin content. The Paraffin/ Olefin/ Naphthene/ Arométic
PONA) content of the sample tested was 30/61/8/0.1 and the
complex mixture conssted of 1,3-butadiene (7%6), isopentane
(8%), n-pentane (15%), cis- and trans-entene-2 (12%), 2-
methyl-2-butene (8%0), cyclopentene (22%), cyclopentane (8%),
baance (20%). Alternative CAS numbersfor the test substance
are 68410-97-9 and 68603-00-9. The test substance was
considered to be stable for the duration of the study.

OECD Guiddine 474 (1997), US EPA OPPTS 870.5395 (1993)
and EC Directive 2000/32/EC, L 136/50

Yes.

2002.

Micronudeus assay

Mouse

Mae

CD-1

Inhaation

2 x 6 hours approximately 24 hours apart
2000, 4000, and 8000 parts per million (ppm)

Groups of saven male CE-1 mice (approximately 329
bodyweight) were exposed to Hydrotreated C5s for two 6-hour
whole body exposure periods, on consecutive days, at target
concentrations of 2000, 4000 and 8000 (ppm). Compressed air
was used to generate atmaospheres for both negetive control and
test chemica exposed groups. Gas chromatography was used to
measure the concentrations of Hydrotreated C5sin the test
atmospheres. Negative control animalswere exposed using
compressed air. A positive control group (5 animals) were
doses once only by ora gavage with mitomycin C a 12 mg/kg.
All anima s were sacrificed gpproximately 24 hours after the
second exposure period (24 hours after the ord dosefor the
positive control group) and bone marrow smears prepared.
Smears were examined to evauate the incidence of micronudle
(MN) in 2000 immeature erythrocytes (MIE) per anima. The
proportion of MIE was assessed by examination f at least 1000

erythrocytes.

No datidicdly sgnificant increase in the incidence of
micronucleated MIE were observed in the Hydrotreated C5s
exposed animals compared with the negative control values
(Linear-by-Linear association test and exact one-tailed pairwise
permutation test). The positive control trestment induced a
significant increase.

A small gatigticdly significant decreasein the proportion of
immature erythrocytes was observed in animals exposed to
Hydrotreated C5s. The Jonckheere'stest for trend was
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significant with Groups 1 to 4 included (P<0.01). When data
from the high exposure group (8000 ppm) was excluded the
trend was not significant (P>0.01). There were no satistically
sgnificant results of the one-tailed Wilcoxon pairwisetest for a
decrease in the proportion of MIE, from negative control values.
The proportion of immature erythrocytes was within the normal
range of variability for this species and the decrease was not
conddered to be of any biologica importance.

Statigtical sgnificance was declared at the 1% leve for dl tedts.

Conclusion Negative

Data quality (1) velid without regtriction

Reference Huntingdon Life Sciences Ltd. 2002. Mouse Micronucleus
Ted. Project ID CSS 020. Huntingdon Life Sciences|td.,
Cambrdigeshire, England.
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Test Substance
Remarks

Method
Method / guideline followed

GLP

Year

Type

Sex

Route of administration

Exposure period

Study design

Results

Conclusion

Data quality

Pyrolysis C5s (CAS No. 68476-55-1, hydrocarbons, C5-rich)
are produced as a C5 hydrocarbons ditillate fraction from
pyrolysis gasoline obtained from ethylene production (steam
cracking process). The sample tested consisted of isoprene
(18%0), cis- and trans-pentadiene-1,3 (16%), cyclopentadiene +
dicyclopentadiene (14%0), n-pentane (10%), cyclopentene (7%),
2-methyl-2-butene (3%0) and cyclopentane (1%0). The baance
conssts of other hydrocarbons with similar boiling points
(primarily C5s). Alternative CAS numbersfor the test
substance are 68476-43-7, 68527-19-5, 68603-00-9 and 68956
55-8. Thethree mgor components anadysed were shown to be
stable for the duration of testing in this study.

OECD Guiddine 474 (1997), USEPA OPPTS 870.5395 (1998)
and EC Directive 2000/32/EC, L 13650

Yes

2002

Mouse

Made

Inhalation

2 x 6 hours gpproximately 24 hours apart

40, 125, and 500 parts per million (ppm)

Groups of seven mae CD-1 mice (gpproximately 329
bodyweight) were exposed to Pyrolysis C5sfor two 6-hour
whole body exposure period, on consecutive days, at target
concentrations of 40, 150 and 500 (ppm). Compressed air was
used to generate atmospheres for both negative control and test
chemica exposed groups. Gas chromatography was used to
measure the concentrations of Pyrolysis C5sin the test
amospheres. Negative control animals were exposed using
compressed air. A postive control group (5 animals) were
dosed once only by ord gavage with mitomycin C at 12 mg/kg.
All animas were sacrificed gpproximatdly 24 hours after the
second exposure period (24 hours &fter the ord dose for the
positive control group) and bone marrow smears prepared.
Smears were examined to evauate the incidence of micronuclel
(MN) in 2000 polychromatic erythrocytes (PCE) per animals.
The proportion of PCE was assessed by examination of at least
1000 erythrocytes.

No satigticaly significant increase in the incidence of
micronucleated PCE were observed in the Pyrolysis Cbs
exposed animals compared with the negative control values
(Linear-by-Linear association test and exact one-tailed pairwise
permutation test). The positive control treatment induced a
Sgnificant increase.

Satidtica significance was declared at the 1% leve for dll tests.

Negative

(1) valid without restriction

140

C5 NON-CYCLICS CATEGORY




HPV CHEMICAL CATEGORY SUMMARY:: C5 NON-CYCLICS CATEGORY

Reference

Huntingdon Life Sciences Ltd 20002. Mouse Micronucleus
Test. Project ID CSS010. Huntingdon Life SciencesLtd.,

Cambridgeshire, England.
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Test Substance
Remarks

Method

Method/guideline followed
Type

GLP

Yexr

Soedies

Stran

Sex

Route of administration
Doses/concentration levels
Exposure period

No. of animals per dose
Control groups and trestment

Statigtica methods

Remarksfor Test Conditions

Results

|soamylene, CASH# 26760-64-5
(90% 2-Butene, 2-methyl; 10% 1-Butene, 2-methy!)

OECD 474

Mammalian erythrocyte micronucleus test

Yes

1990

Mouse

BsCsF1

Mades

Inhalation (vapor)

0, 1034, 3258 or 10,350 ppm (andytica mean concentrations).
6 hours/day for 2 consecutive days

10 maes/exposure leve

10 maes exposed to ar (negetive control), 10 males exposed to
1000 ppm 1,3 butadiene (pogitive contral)

Means and standard deviations of micronuclel data ANOVA to
test for equdity of group meansfollowed by Duncan's Multiple
Range Test if gppropriate. Standard regression andysisto test
for doserelated response. Wilk's Criterion for normaity.

Ten mae BgC3F; mice (weighing 22-26 g, approximately 8-9
weeks old) per group were exposed for 2 consecutive days, 6
hday to 0, 1034, 3258, or 10,350 ppm (analytical means) of the
test substance by inhaation. Exposure concentrations were
determined by on-line gas chromatography. Bone marrow
smears were prepared and stained 24 hours after the last
exposure. 1000 polychromatic erythrocytes (PCES) per animal
were scored for the incidence of micronucleasted PCEs. The
proportion of PCESto normochromatic erythrocytes (NCES)
was determined by counting atota of 1000 erythrocytes per
animd.

Thetest substance induced a statigtically significant (p<0.01)
and dosereated increase in micronucleated PCES at 3258 and
10,350 ppm. The mean micronuclested PCE values were 15.7
and 31.5 at 3258 and 10,350 ppm, respectively, compared to 2.6
micronucleated PCEs for the negative control and 4.6 a 1034
ppm. The positive control produced a statistically significant
increase in micronucleated PCES (29.1).

Stetidticdly sgnificant (p<0.01) and doserelated decreasesin
the mean percent PCES, which is ameasure of hematotoxicity,
were also observed a 3258 and 10,350 ppm. The %PCEswere
58.7, 59.6, 54.4, and 40.5% a 0, 1034, 3258, and 10,350 ppm.
The %PCEsfor the positive control was 42.0%.
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Conclusions Under the conditions of this study, inhalation exposure to 3258
and 10,350 ppm of the test substance induced dtatistically
sgnificant increasesin micronuclested polychromatic
erythrocytesin male BgCsFy, mice

Data Quality (1) Reliable without retriction

Reference BExxonMohbil Biomedica Sciences Inc. (1990). InVivo
Mammadian Bone Marrow Micronucleus Assay. Unpublished
study.
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Test Substance
Remarks

Method

Method/guiddline followed
Type

GLP

Year

Soedies

Strain

Sex

Route of adminigtration
Doses/concentration levels
Exposure period

No. of animas per dose
Control groups and trestment

Statigtica methods

Remarksfor Test Conditions

Results

Conclusions

2-Butene, 2-methyl CAS#513-35-9
(2-methyl-2-butene, >99.2% purity)

OECD 474

Mammalian erythrocyte micronucleus test.

Yes

1991

Mouse

BsCsF1

Mades

Inhalation (vapor)

0, 1005, 3207, or 9956 ppm (anaytica mean concentrations)

6 hours/day for 2 consecutive days

10 maes/exposure levdl.

10 maes exposad to air (negetive control), 10 males exposed to
1000 ppm 1,3 butadiene (positive contral)

Means and standard deviations of micronuclei data ANOVA to
test for equdity of group meansfollowed by Duncan's Multiple
Range Test if appropriate. Standard regression analysisto test
for doserelated response. Wilk's Criterion for normaity.

Ten mde BgC3F;, mice (weighing 24-28 g, approximately 6-7
weeks old) per group were exposed for 2 consecutive days, 6
h/day to 0, 1005, 3207 or 9956 ppm (andytica mean) of the test
substance by inhalation. Exposure concentrations were
determined by on-line gas chromatography. Bone marrow
smears were prepared and stained 24 hours after the last
exposure. 1000 polychromatic erythrocytes (PCES) per animal
were scored for the incidence of micronuclested PCEs. The
proportion of PCESto normochromatic erythrocytes (NCES)
was determined by counting atotd of 1000 erythrocytes per
animd.

The test substance induced statigtically significant (p<0.01) and
doserelaed increases in micronuclested PCEs at 3207 and 9956
ppm. The mean micronuclested PCE valueswere 4.2, 16.6 and
36.1 at 1005, 3207 and 9956 ppm, compared to 3.4
micronucleated PCEs for the negative control. The positive
control produced astetigtically significant increasein
micronucleated PCEs (29.7). A dtaidticdly significant (p<0.01)
decrease in the %PCES, which isameasure of hematotoxicity,
was aso obsarved a 9956 ppm. The %oPCEswere 57.4, 57.4,
54.3, and 37.9% a 0, 1000, 3207, and 9956 ppm. The %PCEs
for the positive control was 44.5%.

Under the conditions of this study, inhalation exposure to 3207
and 9956 ppm of the test substance induced detiticaly
Sgnificant increasesin micronuclested polychrometic
erythrocytesin male BgCsF;, mice

144

C5 NON-CYCLICS CATEGORY




HPV CHEMICAL CATEGORY SUMMARY:: C5 NON-CYCLICS CATEGORY

Data Quality (1) Religble without regtriction
References BExxonMohil Biomedicd Sciences, Inc. (1991). InVivo

Mammalian Bone Marrow Micronucleus Assay - Inhaation
Dosing Method. Unpublished study.
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Test Substance
Remarks

Method

Method/guiddline followed
Type

GLP

Yer

Soedies

Strain

Sex

Route of adminigtration
Doses/concentration levels
Exposure period

No. of animds per dose
Contral groups and trestment
Statistica methods

Remarksfor Test Conditions

Results

Conclusions

2-Butene, 2-methyl CAS#513-35-9
(2-methyl-2-butene, >99.2% purity)

OECD 474

Mammalian erythrocyte micronucleus test

Yes

1991

Rat

CrlCDBR

Mades

Inhalation (vapor)

0, 1005, 3207, or 9956 ppm (anaytica mean concentrations)

6 hours/day for 2 consecutive days

10 maeslexposure leve

10 males exposed to ar (negetive control)

Means and standard deviations of micronuclel data ANOVA to
test for equality of group meansfollowed by Duncan's Multiple
Range Test if appropriate. Standard regression analysisto test
for doserelated response. Wilk's Criterion for normaity.

Tenmae CriICDBR rats (weighing 295-345 g, gpproximately 9
weeks old) per group were exposed for 2 consecutive days, 6
h/day to 0, 1005, 3207 or 9956 ppm (anaytica means) of the
test substance by inhalation. Exposure concentrations were
determined by on-line gas chromatography. Bone marrow
smears were prepared and Sained 24 hours dter the last
exposure. 1000 polychromatic erythrocytes (PCES) per animd
were scored for the incidence of micronuclested PCEs. The
proportion of PCESto normochromatic erythrocytes (NCES)
was determined by counting atota of 1000 erythrocytes per
animd.

The test substance induced statistically significant (p<0.01) and
doserelaed increases in micronuclested PCEs at 3207 and 9956
ppm. The mean micronud ested PCE vaueswere 4.2 and 4.9 a
3207 and 9956 ppm, respectively, compared to 2.7 for the
negative control (air) and 2.2 at 1005 ppm. Statisticaly
sgnificant decreasesin the mean percent PCEs, whichis
indicative of hematotoxicity, were also observed at al three
exposure levels. Although the mean PCE frequencies at 1005,
3207 and 9956 ppm (48.6, 51.0, 49.8%, respectively) were
dightly decreased form the negative control (54.9%), they were
not different from each other and did not show evidence of a
doseresponse. Therefore, the biologica significance of this
observaion isunclear.

Under the conditions of this study, inhalation exposure to 3207
and 9956 ppm of the test substance induced smdl but
datidtically significant increases in micronuclested
polychromatic erythrocytesin maerats.
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Data Quality (2) Religble with regtrictions. No concurrent positive control
was used.
References

BxxonMobil Biomedica Sciences Inc. (1991). InVivo
Mammalian Bone Marrow Micronucleus Assay - Inhaation
Dosing Method. Unpublished study.
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Test Substance
Remarks

Method

Method/guiddline followed
Type

GLP

Year

Soedies

Strain

Sex

Route of adminigtration
Doses/concentration levels
Exposure period

No. of animas per dose
Control groups and treatrrent

Statigtica methods

Remarksfor Test Conditions

Results

Conclusions

1-Butene, 2-methyl CASH 26760-64-5
(2-methyl-1-butene, >99.2% purity)

OECD 474

Mammalian erythrocyte micronucleus test

Yes

1991

Mouse

BsCsF1

Mades

Inhalation (vapor)

0, 1038, 3312, or 10,116 ppm (andytical mean concentrations)
6 hourg/day for 2 consecutive days

10 maes exposure leve

10 males exposed to air (negative contral), 10 males exposed to
1000 ppm 1,3 butadiene (positive contral)

Means and standard deviations of micronudlel data. ANOVA to
test for equdity of group meansfollowed by Duncan's Multiple
Range Test if appropriate. Standard regression analysisto test
for doserelated response. Wilk's Criterion for normaity.

Ten mae BgC3F; mice (weighing 24-30 g, approximately 7-8
weeks old) per group were exposed for 2 consecutive days, 6
h/day to 0, 1038, 3312 or 10,116 ppm (anaytical means) of the
test substance by inhalation. Exposure concentrations were
determined by on-line gas chromatography. Bone marrow
smears were prepared and stained 24 hours after the last
exposure. 1000 polychromatic erythrocytes (PCES) per animal
were scored for the incidence of micronuclested PCEs. The
proportion of PCESto normochromatic erythrocytes (NCES)
was determined by counting atotal of 1000 erythrocytes per
animd.

A doserdated increase in mean micronuclested PCEswas
observed (24,37, 3.6,and 4.6 a 0, 1038, 3312 and 10,116
ppm). However, since none of the exposed groups were
satistically different from the negative control thisfinding was
not considered to be biologicaly significant. The mean
micronucleated PCE value of 4.6 at 10,116 ppm was dightly
outside the normd range of the negetive control (0-4), dthough
it was not satisticaly significant (p<0.09). The positive control
produced adatisticaly significant increase in micronucl eated
PCEs (43.1). The mean percent of PCEs were within the normal
range for dl exposure groups. The %PCEs were 58.5, 60.7,
59.2, and 58.8% at 0, 1038, 3312 and 10,116 ppm. The %PCEs
for the positive control was 41.6%.

Under the conditions of this study, inhal ation exposure to the

test substance did not induce a stetistically significant increase
in micronucleated polychromatic erythrocytesin mae BgCsF;
mice
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Data Quality (1) Religble without restriction
References ExxonMobil Biomediical Sciences, Inc. (1991). InVivo

Mammalian Bone Marrow Micronucleus Assay - Inhaation
Dosing Method. Unpublished study.
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Test Substance
Remarks

Method

Method/guiddline followed
Type

GLP

Year

Soedies

Strain

Sex

Route of adminigtration
Doses/concentration levels
Exposure period

No. of animas per dose
Control groups and trestment
Statisticad methods

Remarksfor Test Conditions

Results

Conclusions

Data Quality

References

1-Butene, 2-methyl CASH 26760-64-5
(2-methyl-1-butene, >99.2% purity)

OECD 474

Mammalian erythrocyte micronucleus test

Yes

1991

Rat

CrlCDBR

Mades

Inhalation (vapor)

0, 1038, 3312, or 10,116 ppm (anaytica mean concentrations)
6 hours/day for 2 consecutive days

10 maeslexposure leve

10 males exposed to ar (negetive control)

Means and standard deviations of micronuclel data ANOVA to
test for equdity of group meansfollowed by Duncan's Multiple
Range Test if appropriate. Standard regression analysisto test
for doserelated response. Wilk's Criterion for normaity.

Ten mde CriCDBR rats (weighing 337-414 g, approximately
10-11 weeks old) per group were exposed for 2 consecutive
days, 6 h/day to 0, 1038, 3312 or 10,116 ppm (anaytica means)
of the test substance by inhalation. Exposure concentrations
were determined by on-line gas chromatography. Bone marrow
smears were prepared and stained 24 hours after the last
exposure. 1000 polychromatic erythrocytes (PCES) per animal
were scored for the incidence of micronuclested PCEs. The
proportion of PCESto normochromatic erythrocytes (NCES)
was determined by counting atotal of 1000 erythrocytes per
animd.

Thetest substance did not induce a statisticaly significant
increase in micronuclested PCEs & 24 hoursin any of the
exposure groups. The micronuclested PCEswere 2.0, 1.8, 1.9,
and 2.7 a 0, 1038, 3312 and 10,116 ppm. The mean percent
PCEs were within the normal range of the negative controls.
The %PCEswere 48.7,51.7, 49.9, and 53.4% at 0, 1038, 3312
and 10,116 ppm.

Under the conditions of this study, inhalation exposure to the
test substance did not induce adtetigtically significant increase
in micronuclested polychromatic erythrocytesin mae CrICDBR
rats.

(2) Religble with redtrictions. No concurrent positive control
was used.

BExxonMobil Biomedica Sciences Inc. (1991). InVivo
Mammalian Bone Marrow Micronucleus Assay. Unpublished
study.
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Test Substance
Remarks

Method

Method/guiddline followed
Type

GLP

Year

Soedies

Strain

Sex

Route of adminigtration
Doses/concentration levels
Exposure period

No. of animas per dose
Control groups and trestment
Statisticad methods

Remarksfor Test Conditions

Results

Conclusions

Data Qualit

References

Isoamylene CASH# 26760-64-5
(~92% 2-Butene, 2-methyl; ~7% 1-Butene, 2-methyl)

OECD 474.Mammalian erythrocyte micronucleus test

Yes

1991

Mouse

BsCsF1

Mades

Inhalation (vapor)

0, 1034, 3266 or 10,097 ppm (anaytica mean concentrations)

6 hourg/day for 2 consecutive days

10 maes/exposure level

10 maes exposad to air (negetive control), 10 males exposed to
1000 ppm 1,3 butadiene (paositive control)

Means and standard deviations of micronucle data ANOVA to
test for equdity of group meansfollowed by Duncan's Multiple
Range Test if appropriate. Standard regression analysisto test
for doserelated response. Wilk's Criterion for normaity.

Ten mde BgC3F;, mice (weighing 24-30 g, approximately 8-9
weeks old) per group were exposed for 2 consecutive days, 6
h/day to 0, 1034, 3266, or 10, 097 ppm (anaytica means) of the
test substance by inhalation. Exposure concentrations were
determined by on-line gas chromatography. Bone marrow
smears were prepared and stained 24 hours after the last
exposure. 1000 polychromatic erythrocytes (PCES) per animal
were scored for the incidence of micronuclested PCEs. The
proportion of PCES to normochromatic erythrocytes (NCES)
was determined by counting atotal of 1000 erythrocytes per
animd.

Thetest substance induced gtetigticdly significant (p<0.01) and
doserelaed increases in micronuclested PCEs at 3266 and
10,097 ppm. The mean micronuclested PCE vdueswere 3.7,
22,6 and 42.1 a 1034, 3266 and 10,097 ppm, compared to 2.5
micronucleated PCEs for the negetive control. The postive
control produced astetigtically significant increasein
micronucleated PCEs (39.5). Statigticdly significant (p<0.01)
decreases in the mean percent PCES, which isameasure of
hematotoxicity, were also observed at 3266 and 10,097 ppm.
The %PCEs were 58.2, 58.0, 51.4, and 34.6% at 0, 1034, 3266
and 10,097 ppm. The %PCEsfor the positive control was
43.7%.

Under the conditions of this study, inhalation exposure to 3266
and 10,097 ppm of the test substance induced Stetigtically
Sgnificant increasesin micronuclested polychrometic
erythrocytesin male BCzF, mice
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Data Quality (1) Religble without restriction

References BExxonMohil Biomedica Scences Inc. (1991). InVivo
Mammalian Bone Marrow Micronucleus Assay. Unpublished
study.
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Test Substance
Remarks

Method

Method/guiddline followed
Type

GLP

Year

Soedies

Strain

Sex

Route of adminigtration
Doses/concentration levels
BExposure period

No. of animas per dose
Control groups and trestment
Statisticad methods

Remarksfor Test Conditions

Results

Conclusions

Isoamylene CASH# 26760-64-5
(~92% 2-Butene, 2-methyl; ~7% 1-Butene, 2-methyl).

OECD 474

Mammdlian erythrocyte micronucleus test

Yes

1991

Rat

CrlCDBR

Mades

Inhalation (vapor)

0, 1034, 3266 or 10,097 ppm (anaytica mean concentrations)

6 hourg/day for 2 consecutive days

10 maes/exposure leve

10 males exposed to air (negative contral)

Means and standard deviations of micronuclel data. ANOVA to
test for equdity of group meansfollowed by Duncan's Multiple
Range Test if appropriate. Standard regression analysisto test
for doserelated response. Wilk's Criterion for normaity.

Tenmde CriCDBR rats (weighing 348-447 g, approximately
11-12 weeks old) per group were exposed for 2 consecutive
days, 6 hday to 0, 1034, 3266, or 10, 097 ppm (actud mean
exposures) of thetest substance by inhalation. Exposure
concentrations were determined by on-line gas chromatography.
Bone marrow smears were prepared and stained 24 hours after
thelast exposure. 1000 polychromeatic erythrocytes (PCES) per
anima were scored for the incidence of micronudested PCEs.
The proportion of PCES to normochromatic erythrocytes
(NCEs) was determined by counting atotal of 1000 erythrocytes
per animdl.

The test substance induced a gatitically sgnificant (p<0.01)
increase in micronuclested PCEs a 10,097 ppm. The mean
micronuclested PCE vaueswere 34, 4.2, and 7.0 at 1034, 3266
and 10,097 ppm, compared to 3.3 micronuclegted PCEs for the
negative control. The dight incresse in mean micronucl ested
PCEs (4.2) noted at 3266 ppm was dightly above the norma
range for the negative contral (0-4) athough it was not
statisticaly significant. The mean percent PCEs were withinthe
normal range of the negative contral for al exposed groups. The
%PCEswere 48.3, 46.9, 46.1, and 45.3% at 0, 1034, 3266 and
10,097 ppm. .

Under the conditions of this study, inhaation exposureto
10,097 ppm of the test substance induced a statistically
Sgnificant incressein micronuclested polychrometic
erythrocytesin maerats.
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(2) Rdliable with redtrictions. No concurrent positive control

Data Quality was used.
References BExxonMohil Biomedica Sciences, Inc. (1991). InVivo

Mammalian Bone Marrow Micronucleus Assay - Inhaation
Dosing Method. Unpublished study.
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Repeated Dose Toxicity

Test Substance
Remarks

Method

Method/guideline followed
Testtype

GLP

Yer

Soedies

Strain

Route of adminigtration
Duration of test
Doses/concentration levels
Sex

Exposure period

Frequency of treatment
Contral group and treatment
Post exposure observation period
Satistical methods

Test Conditions

Results
NOAEL (NOEL)
LOAEL (LOEL)

Remarks

Isoprene, CASH 78-79-5
Purity >99%.

Other

2-week inhalation study

Yes

1990

Rat and mouse

F344 rats and B6C3F1 mice

Inhalation (vapor)

2 weeks

0, 438, 875, 1750, 3500, or 7000 ppm

20 mde, 20 femde per group

6 hours/day

5 daysweek

20 mae, 20 femde, air-only exposed

Not gpplicable

Group mean body weights, organ weights, organ weight ratios,
and clinica pathology results compared to controls by Dunnett's
t-test.

Groups of 20 animas/sex /group/species (6-8 weeks age a
study initiation) were exposed to various levels of isoprenefor 6
hrg/day, 5 days/week for two weeks (10 exposures). Ten

animal s/sex/group/species were used for clinica pathology
evauations after 4 (rats) or 5 (mice) exposures. The remaining
ten animal's per group were used for histopathology at the end of
the study. Body weights and clinical observations were recorded
weekly. Necropsies were performed and mgor tissues'organs
preserved. Histopathologic examinations were performed on
the control and high exposure animals (7000 ppm), and lower
dose groups until an apparent no-observed -effect level was
found.

7000 ppm rats, not determined for mice
>7000 ppm rats, 438 ppm mice

In rats, there were no exposure-related effects observed for
surviva, body weight gain, dinicd signs, hematologic or

clinica chemistry parameters, organ weights, or the incidence of
gross or microscopic lesons. Inmice, there were no effectson
surviva; the mean body weight gain of maesin the 7,000 ppm
group was less than that of the contrals. In mice, exposure to
isoprene caused decresses in hematocrit vaues, hemoglobin
concentrations, and erythrocyte countsin all exposed groups.
Organ weight changes were obszved in both male and female
mice; increased liver weights and decreased thymus, spleen, and
testisweights were observed in dl exposed groups.
Microscopic lesions observed in the exposed mice included
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Conclusions

Data Quality
Rdiabilities

Reference

arophy of the testis and thymus, cytoplasmic vacuolization of
theliver, olfactory epithelid degeneration in the nasal cavity,
and epithdid hyperplasiain the forestomach.

| soprene exposures over 2 weeksinduced changesin
hematologica parameters, body and organ weights, and
MiCroscopic appearancesin certain tissues at levelsaslow as
438 ppm in the mouse whereas no changes were noted in
measured parametersin therat at exposures up to 7000 ppm.
Thelack of any observabletoxicological effectsin F344 rats
exposed to isoprene for two weeks provides evidencefor a
species difference between rats and mice in susceptibility to
isoprene.

(2) Rdliable without regtrictions. Comparable to guiddine study
(OECD 412).

Ménick, R.L., Roycroft, JH., Chou, B.J,, Ragan, H.A., and
Miller, R.A. (1990). Inhalation toxicology of isoprenein F344
and B6C3F1 mice following two-week exposures. Environ.
Health Perspect. 86:93-98.
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Repeated Dose Toxicity

Test Substance
Remarks

Method

Method/guideline followed
Testtype

GLP

Yeaxr

Spedies

Strain

Route of administration
Duration of test
Doses/concentration levels
Sex

Exposure period

Frequency of treatment
Control group and treatment
Post exposure observation period
Satistical methods

Test Conditions

Results
NOAEL (NOEL)
LOAEL (LOEL)

Remarks

Isoprene, CASH 78-79-5
Purity >99%.

Other

13-week inhdation study

Yes

194

Rat and mouse

F344 rats and B6C3F1 mice

Inhalation (vapor)

13 weeks

0, 70, 220, 700, 2200, or 7000 ppm

10 mde, 10 femae per group

6 hours/day

5 daysweek

10 mde, 10 femde, ar-only exposed

Not gpplicable

Anayssof surviva and incidence of neoplagtic and
nonneoplagtic lesons was performed. Clinica chemigtry,
hematology, and urine data were andyzed by nonparametric
methods.

Groups of 10 animals/sex /group/species (6-8 weeks age a
study initiation) were exposed to various levels of isoprenefor 6
hrs/day, 5 days/week for thirteen weeks. Body weights and
clinica observetions were recorded weekly. Blood samples

were collected for clinica pathology eva uations on days 4, 24,
and at the end of the study. Urine samples were collected from
rats during week 12. After thirteen weeks of exposures, dl rats
and mice were sacrificed and evauated histopathologicaly.
Organ weights were recorded.

7000 ppm rats, 220 ppm mice.
>7000 ppm rets, 700 ppm mice.

In rats, there were no exposure-related effects observed for
survivd, body weight gain, dlinical Sgns of toxicity,
hematology or clinica chemistty parameters, urinaysis, organ
weights, or theincidence of gross or microscopic lesions. In
mice, there were no effects on survival, body weight gain, or
clinica sgnsof toxicity. Themae and femae mice exposed to
700 ppm and higher showed hematologic effectsindicative of a
nonresponsive, macrocytic anemiaat day 24 and after thirteen
weeks. Theincidences of focd epithelid hyperplasiaof the
foresomachwere0, 0, 0,9, 8, 9inthemaes and 0, 0, 0, 10, 9,
10inthefemdesat O, 70, 220, 700, 2200, and 7000 ppm
(n=10). Degeneration of the olfactory epithelium and
cytoplasmic degeneration of the liver were observed in 10/10
maemice a 7000 ppm. The mae mice exposed to 7000 ppm
exhibited testicular welghts reduced 35% compared to the
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controls.

Conclusions No toxicologica effects were evident in rats exposed up to 7000
ppm isoprene for 13 weeks. In mice, hematologicd and
histopathological changes were observed a exposures of 700
ppm and higher. This 13-week subchronic inhaation study,
conducted as part of a 26-week carcinogenicity study, confirmed
the species difference between rats and mice in susceptibility to

isoprene.

Data Quality

Rdidbilities (1) Reliable without restrictions. Comparable to guiddine study
(OECD 413).

Reference Méenick RL; Slls RC; Roycroft H; Chou BJ;, Ragan HA,;

Miller RA (1994). Isoprene, an endogenous hydrocarbon and
industria chemicd, induces multiple organ neoplasiain rodents
after 26 weeks of inhaation exposure. Cancer Res. 54:5333-
5339.
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Repeated Dose Toxicity

Test Substance
Remarks

Method

Method/guideline followed
Testtype

GLP

Yeaxr

Spedies

Strain

Route of adminigtration
Duration of test
Doses/concentration levels
Sex

Exposure period

Frequency of treatment
Control group and treatment
Post exposure observation period
Satistical methods

Test Conditions

Results
NOAEL (NOEL)
LOAEL (LOEL)

Remaks

Isoprene, CASH 78-79-5
Purity >99%.

Other

26-week inhaation study

Yes

194

Rat and nouse

F344 rats and B6C3F1 mice

Inhalation (vapor)

26 weeks

0, 70, 220, 700, 2200, or 7000 ppm

40 mderas and 40 mae mice per group

6 hours/day

5 daysweek

40 maerats and 40 mae mice, air-only exposed

26-week post-exposure recovery period

Analysis of surviva and incidence of neoplagtic and
nonneoplagtic lesons was performed. Clinica chemigtry,
hematol ogy, and urine datawere andyzed by nonparametric
methods.

Groups of 40 animals/sex /group/species (6-8 weeks age a
study initiation) were exposed to various levels of isoprenefor 6
hrs/day, 5 daysweek for 26 weeks. At the end of the 26-week
exposure period, 10 rats and 10 mice/group were sacrificed and
evauated. The remaining animals were dlowed to recovery for
an additiona 26 weekswithout exposure a which time they
were 0 sacrificed and evauated. Body weights and dlinica
observations were recorded weekly throughout the study. Blood
sampleswere collected for clinical pathology evauations after
26 weeks exposure. Tissues preserved at the 26 and 52 week
sacrifices were examined microscopicdly. Organ weights were
recorded a both intervals. Twenty mice/group were evauated
for fordimb and hindlimb grip strength after 26 weeks

exposure; 10 mice/group were dso evduated at 2 days, 1-, 3-,
and 6-months post-exposure.

>7000 ppm rats, 70 ppm mice.
7000 ppm rats, 700 ppm mice.

Theonly effect observed in the mae rats after 26 weeks of
exposure wasinterdtitial cell hyperplasaof thetestis (10/10) in
the 7000 ppm group; following the 26-week recovery period the
only effect in ratswas amargina increasein benign testicular
interdtitial cell tumors (9/30 a 7000 ppm). Surviva of mice was
reduced in the 7000 ppm group; early deaths were attributed to
various neoplagtic lesions and moribund sacrifices dueto
hindlimb pardyss. In mae mice, incidences of maignant
neopladtic lesionsin the liver, lung, forestomach, and harderian
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Conclusions

Quality
Rdiabilities

Reference

gland were significantly increased following the 26-week
exposure and 26-week recovery periods a 700 ppm and higher
exposures. Non-neoplagtic lesions were observed in mae mice
exposed to isoprene and included spind cord degeneration (>70
ppm) and degeneration of the olfactory epithelium (>220 ppm).
Slight increasesin testicular atrophy, epithelia hyperplasiaof the
forestomach, partid hindlimb pardysis and anonresponsive
meacrocytic anemiawere dso seenin maemice

Sdected non-neoplastic lesionswere as follows (0, 70, 220, 700,
2200, 7000 ppm) -

After 26 weeks exposure:

Nasal turbinates/olfactory epithelid degeneration - 0/10, 0/10,
0/10, /10, 1/10, 10/10.

Testeg/atrophy - 0/10, 0/10, 0/10, 0/10, 1/10, 5/10.

Spind cord/degeneration - 0/10, 0/10, 0/10, 0/10, 1/10, 10/10.
After 26 weeks recovery:

Nasd turbinates/olfactory epithelia degeneration - 1/30, 2/30,
5/29, 11/30, 25/30, 28/28.

Testes/atrophy - 0/30, 0/30, 0/29, 0/30, 0/30, 3/29.

Spind cord/degeneration - 4/30, 20/30, 19/29, 17/29, 13/28.

| soprene was carcinogenic to the liver, lung, forestomach, and
harderian gland of mae mice ter 26 weeks exposure and 26
weeksrecovery. In contast, the only effect observed in mde
ratswas amarginaly increesed incidence of benign testicular
adenomas at the highest exposure level (7000 ppm).

(1) Reliablewith redtrictions. Comparable to guiddine studies.
This study involved exposures of mae rats and male miceto
isoprene for 6 months, therefore provided additional dataon
repested dose toxicity and carcinogenicity.

Méenick RL; Slls RC; Roycroft H; Chou BJ;, Ragan HA,;
Miller RA (1994). Isoprene, an endogenous hydrocarbon and
industria chemicd, induces multiple organ neoplasiain rodents
after 26 weeks of inhaation exposure. Cancer Res. 54:5333-
5339.
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Repeated Dose Toxicity

Test Substance
Remarks

Method

Method/guideline followed
Testtype

GLP

Yer

Soedies

Strain

Route of adminigtration
Duration of test
Doses/concentration levels
Sex

Exposure period

Frequency of treatment
Control group and treatment
Post exposure observation period
Satistical methods

Test Conditions

Results

NOAEL (NOEL)
LOAEL (LOEL)

Remarks

Isoprene, CASH 78-79-5
Purity >99.7%.

Other

2-year carcinogenicity study

Yes

1997

Rat

Fisher 344

Inhalation (vapor)

104 weeks

0, 220, 700, or 7000 ppm

50 mde, 50 femde per group

6 hours/day

5 days'week for 104 weeks

50 mae, 50 female, exposad to air only

None

Andysis of surviva and incidence of neoplastic and
nonneopladtic lesons was performed. Urine datawas anayzed
by nonparametric methods.

Groups of 50 rats/sex /group (approx. 6 weeks age at sudy
initiation) were exposed to various levels of isoprenefor 6
hrs/day, 5 days/week for 104 weeks. Individud dinica
observations were recorded initialy, monthly through week 89,
and then every 2 weeks until the end of the study. Individua
body weights were recorded initialy, monthly through week 91,
and then every 2 weeks until the end of the study. Urine
sampleswere collected 3, 6, 12, and 18 months from 10
rats'sex/group and andyzed for urine weight, creatinine, and
vinyl lactic acid (ametabolite of isoprene). After 104 weeks of
exposure, necropsies were performed on dl ratsand dl mgjor
tissues preserved. Histopathologic examinationswere
performed on al tissuesfrom dl study animas. No blood
andyses or organ weights were performed.

Not determined
Not determined

Surviva of dl exposed groups was Smilar to the chamber
controls. There were no exposure-rdated changesin clinica
observations or body weights. The incidences of mammary
gland fibroadenomain 7,000 ppm maes (7/50) and in dl groups
of exposed femaes (12/50, 19/50, 17/50) were significantly
greater than those in the chamber control groups (1/50 males,
7/50 femdes). Theincidences of rend tubule adenomain 7,000
ppm males (6/50) and of rend tubule hyperplasiain 700 ppm
and 7,000 ppm maes (6/50, 8/50) were significantly greater
than those in the chamber contrals (0/50). The severity of
kidney nephropathy was dightly increased in 7,000 ppm maes
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when compared to chamber controls. An exposure-related
increesein theincidences of interdtitial cdll adenoma.of the
testis was observed in maerats (33/50, 37/50, 44/50, 48/50).
Theincidences of hilaterd interdtitial cell adenomaand of
unilateral and bilatera interdtitial cdl adenoma (combined) of
thetegtisin the 700 ppm and 7,000 ppm (37/50, 48/50) males
were sgnificantly greater than in the chamber controls (20/50).
Singleincidences of severa rare neoplasmsindluding benign
adtrocytoma, maignant glioma, malignant medulloblastoma,
benign meninged granular cdl tumor, and meninged sarcoma
were observed in the brains of femderatsin dl three exposure
groups. Theincidences of salenic fibrosisin the 700 and 7,000
ppm males (24/50, 22/50) were significantly greater than thet in
the chamber control group (11/50).

Conclusions

(Olefins Pand) | soprene exposures were associated with increases in rates of
benign tumorsin the testes and kidney (mde), and mammeary
gland (maeand femae). No sgnificant increases were seen for
malignant tumorsin thisstudy. For this reason, and the fact that
brain tumorsin femaeswere of severd distinct cdll types, the
overdl leve of evidence presented for the carcinogenicity of
isopreneinratsis, a mogt, limited.

Conclusions

(Study Authors) Therewas clear evidence of carcinogenic activity in mderats
based on increased incidences of mammeary gland fibroadenoma
and carcinoma, rend tubule adenoma, and testicular interdtitial
cdl adenoma. There was some evidence of carcinogenic
activity in female rats based on increased incidences and
multiplicity of mammary galnd fibroadenoma. A low incidence
of rare brain neoplaamsin exposed fema e rats may have been
due to exposure to isoprene.

Data Quality

Rdiabilities (1) Reliable without restrictions.

Reference Nationa Toxicology Program (1997). Toxicology and

Carcinogenesis Studies of 1soprene (CASNo. 78-79-5) in
F344/N Rats (Inhalation Studies). Report No. TR-486.
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Repeated Dose Toxicity

Test Substance
Remarks

Method

Method/guideline followed
Testtype

GLP

Yer

Soedies

Strain

Route of adminigtration
Duration of test
Doses/concentration levels
Sex

Exposure period

Frequency of treatment
Control group and treatment
Post exposure observation period

Statigtical methods

Test Conditions

Results
NOAEL (NOEL)
LOAEL (LOEL)

Remarks

Isoprene, CASH 78-79-5
Purity >99.0%.

Other

2-year carcinogenicity sudy

Yes

1996

Mouse

B6C3F;

Inhalation (vapor)

105 weeks

0, 10, 70, 140, 280, 700, 2200 ppm

50 mde, 50 femde per group

4 or 8 hourg/day

Vaiable- 5 dayswesk for 20, 40, or 80 weeks

50 mae, 50 female, exposad to air only

Vaiable- animas hdd following exposures until week 96 or
105

Body weights, organ weights and hematology datawere
evduated by andyds of variance (ANOVA) followed by
Duncan's new multiple range test. Incidences of tumor types
were andyzed using Fischer's exact test gpplied to each
combination of exposure group and tumor type.

Twelve groups of 50 mae mice were exposed to 0, 10, 70, 140,
280, 700, or 2200 ppm for 4 or 8 hours/day, 5 days'week for 20,
40, or 80 weeks followed by aholding period until week 105.
Three groups of 50 femae mice were exposed to 0, 10, and 70
ppm for 8 hours/day for 80 weeks and dso held for observation
until week 105. Clinica observations and body weights were
recorded weekly for 13 weeks and then monthly. Hematology
and micronucleus eva uations were performed on 10 mice/group
a 40 and 80 weeks. Complete histopathol ogy eva uations were
performed on organs and tissues from al mice.

10 ppm
70 ppm

The carcinogenic potentid of isoprenewas evauated asa
function of concentration, length of daily exposure, and weeks
of exposure asindependent varigbles. Exposure of miceto the
varied concentrations and schedules did not produce any
sgnificant signs of generd toxicity. There was a concentration-
related effect on survival dueto increasesin sdlected tumor
development and associated mortdity. Surviva was near or
below 50% after 95 weeks for mice exposed >280 ppm for 80
weeks - surviving mice in these groups were necropsied during
week 96. |soprene exposure caused an increase in neoplasms
of thelung, liver, Harderian gland, forestomach,
lymphoreticular system of mae mice and in the Harderian gland
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and pituitary gland of female mice a concentrations of 70 ppm
and higher. The product of concentration and length/duration of
exposure was not asufficient basis for prediction of tumor risk.
In the micronucleus evauation, the mean incidence of
micronucle in periphera blood was significantly increased at
700 ppm and higher after 80 weeks, and at 2200 ppm after 40
weeks (the 280 and 700 ppm groups were not sampled by
protocol design).

Conclusions Theresults of this study indicated that concentration, , length of
daily exposure, and weeks of exposure did not affect tumor
incidence equivaently and total cumulative exposure was not
aufficient for predicting oncogenic risk from isoprene exposure
inmice. There gopeared to be threshold for oncogenic effectsin
mice, which varied by organ and tumor type. For maemice,
the LOEL was 700ppm for lung tumor and hemangiosarcoma,
280 ppm for malignant forestomach tumors and histiocytic
sarcomas, 140 ppm for liver tumors, and 70 pmm for Harderian
gland tumors. For femae mice, the LOEL was 70 ppm for total
nor-liver, non-lung adenomas and passibly for

hemagiosarcomas.
Data Quality
Rdiabilities (1) Reliable without restrictions.
Reference Packe ME, GriffisL, Bird M, Bus J, Persing RL, and Cox LA

Jr (1996). Chronic inhdation oncogenicity study of isoprenein
B6C3F1 mice Toxicology 113:253-62.
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Repeated Dose Toxicity

Test Substance
Remarks

Method
Method / guiddine followed
Test type

GLP

Yex

Species

Sran

Route of adminigtration
Duration of test

Doses/ concentration levels
Sex

Exposure period

Frequency of treatment
Control group and trestment
Post exposure observation period
Statistica methods

2-methyl-2-butene (CAS number: 513-35-9). The test substance
was stable for the duration of al studies performed at the test
house

OECD 422

4 week generd toxicity and reproduction / devel opment toxicity
screening test by inhalation exposure to rats (Toxicity phase)
Yes

2001/ 2002

Rat

Crl:cD® (Sprague-Dawley) IGSBR

Inhaation (gas)

28 days

0, 580, 2000, or 7000 ppm

12 maes, 12 femaes per dose group for main study group

6 hours/ day

7 days/ week

12 mdes, 12 femdes, ar-only exposed

Not applicable

All gatigtical analyses were carried out separately for males and
femdes.

Datardlating to food consumption was anaysed on acage basis.
For al other parameters, the analyses were carried out using the
individua anima asthe basic experimentd unit.

Thefollowing datatypes were anaysed at each timepoint
separately:-

Rearing and activity counts.

Bodyweight (FOB) and body temperature.

Grip strength, landing footsplay and motor activity.
Bodyweight, using gains over gppropriate study periods.

Food consumption, over appropriate study periods, using
cumulaive cagetotas.

Blood chemistry and haematology.

Organ weights, absolute and / or adjusted for terminal
bodyweight.

Pathologica findings, for the number of animaswith and
without each finding.

For categoricd data, including rearing and activity counts and
pathologica findings, the proportion of animals was andysed
using Fisher's Exact test (Fisher 1973) for each trested group
versus the control.

For continuous deta, Bartlett'stest (Bartlett 1937) was first
applied to test the homogeneity of variance between the groups.
Using tests dependent on the outcome of Bartlett's tet, treated
groups were then compared with the Control group,
incorporating adjustment for multiple comparisonswhere
necessary.

The following sequence of Satistical tests was used for
bodyweight (FOB), body temperature, grip strength, landing for
splay and motor activity, bodyweight, food consumption, organ
weight, and clinica pathology data.

If 75% of the data (across dl groups) were the same vaue, for
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example ¢, then afrequency andysiswas applied. Treatment
groups were compared using aMantel test for atrend in
proportions (Mantel 1963) and also pairwise Fisher's Exact tests
(Fisher 1973) for each dose group against the control both for 1)
vaues <c versus vaues >=c, and for 2) values <=c versus
values >c, asapplicable. If Bartlett'stest for variance
homogeneity (Bartlett 1937) was not significant a the 1% leve,
then parametric analysiswas applied. If the F1 test for
monotonicity of dose-response (Hedey 1999) was not
significant at the 1% levd, Williams test for amonotonic trend
(Williams 1971, 1972) was applied. If the F1 test was
significant, suggesting that the dose-response was not
monotone, Dunnett's test (Dunnett 1955, 1964) was performed
instead.

If Bartlett'stest was Sgnificant at the 1% level, then logarithmic
and square-root transformations were tried. If Bartlett'stest was
il significant, then non-parametric testswere gpplied. If the
H1 test for monotonicity of doseresponse (Hedey 1999) was
not significant at the 1% level, Shirley'stest for amonotonic
trend (Shirley 1977) was gpplied. If the H1 test was Significant,
suggest that the dose-response was not monotone, Stedl's test
(Sted 1959) was performed insteed.

For organ weight data, andysis of variance wasiinitidly
performed using termina bodyweight as covariate. If thewithin
group relaionship between organ weight and bodyweight was
sgnificant at the 10% level (Angerval and Carlstrom, 1963),
then the trestment comparisons were made on adjusted group
meansin order to dlow for differencesin bodyweight which
might influence the organ weights.

Significant differences between Control and tregted groups were
expressed at the 5% (p<0.05) or 1% (p<0.01) levd. Williams
test isdenoted by *'; t tests are denoted by '+, Dunnett'stest is
denoted by *' and Shirley'stest by ‘initialy performed using
terminal bodyweight as covariate. If the within group

rel ationship between organ weight and bodyweight was
significant at the 10% level (Angerval and Carlstrom, 1963),
then the treetment comparisons were made on adjusted group
meansin order to alow for differencesin bodyweight which
might influence the organ weights.

Significant differences between Control and treated groups were
expressed at the 5% (p<0.05) or 1% (p<0.01) leve. Williams
test isdenoted by **'; t tests are denoted by '+, Dunnett'stest is
denoted by *' and Shirley'stest by '+'.

Test Conditions Groups of 12 mae and 12 femae CD rats were exposed to the
test materid asagasdaily by inhdation for six hours/ day at
exposure levelsf 0, 580, 2000, or 7000 ppm. In thismain study
(repeated-exposure generd toxicity) males and femdeswere
exposed for 28 days. During the study, clinical condition,
detailed functiona observationa battery, motor activity,
bodywei ght, food consumption, haematology, blood chemigtry,
organ weight and macroscopic and microscopic pathology
investigations were undertaken. The study aso contained
reproductive / developmentd toxicity satdllite groups
(summarized separately).

166



HPV CHEMICAL CATEGORY SUMMARY::

Results
NOAEL (NOEL)
LOAEL (LOEL)
Remarks

Conclusions

Data Quality
Rdiabilities

Reference

580 ppm

Not applicable

The test a@mospheres were andysed by GC and the analysed
concentrations were in agreement with the target concentrations.

Toxicity Phase

Clinica signsduring exposure included haf-closed eyes on Day
1 at 2000 and 7000 ppm, and alower levd of responseto
externd simuli. Thislater finding aso occurred on one further
occasion & 7000 ppm. There were no signs considered
reflective of agenerd systemic effect observed during routine
clinica examination or during the functiona observationd
battery. Therewasadightly lower bodyweight gain a 7000
ppm, and dightly longer clotting times at 2000 ppm
(prothrombin time for females) and 7000 ppm (prothrombin
timesfor both sexes and activated partial thromboplagtin time
for maes). Cholesteral levels were increased amongst femaes
exposed to 7000 ppm but in the absence of any further effectsin
thedlinica chemistry parameters or the maesthisis of
uncertain significance.

Pathologica changes were noted amongst high dose femdesin
the liver, evidenced as an increased organ weight and minimal
centrilobular hepatocyte hypertrophy. There was adecreased
incidence of extramedullary haemopoiesis of the spleen of high
dose animals, anincreasein goblet cdll hyperplasiain the nesa
passages of high dose maes, and, amonggt high and
intermediate dose males, adight increase in severity of
mycardid inflammetory heart lesons and cortica / medullary
tubular basophilain the kidneys.

Slight effects on generd systemic toxicity dueto the test
substance were apparent amongst animals receiving 7000 ppm,
and to alesser extent at 2000 ppm. The no effect leve of the
test substance for the genera systemic toxicity to rats for 28
days inhaation administration was 580 ppm.

(1) Reliable without restrictions

Huntingdon Life Sciences Ltd., 2004. 4-week generd taxicity
and reproduction / development toxicity screening test by
inhaation exposureto rats Project ID CSS002. Huntingdon
Life Sciences|td., Cambridgeshire, England.
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Repeated Dose Toxicity

Test Substance
Remarks

Method
Method / guideline followed
Test type

GLP

Year

Soedies

Strain

Route of adminigtration
Duration of test

Daoses/ concentration levels
S

Exposure period

Frequency of treatment
Control group and trestment
Post exp osure observation period
Satistical methods

Hydrotrested C5s (CAS No. 68602-79-9, didtillates, petroleum,
benzene unit hydrotrester depentani zer overheads) are Pyrolysis
C5s (obtained by didtillation from the ethylene production
process) that have been partialy hydrogenated to reduce
diolfin content. The Paraffin/ Olefin/ Naphthene/ Aromatic
(PONA) content of the sample tested was 30/61/8/0.1 and the
complex mixture conssted of 1,3-butadiene (7%6), isopentane
(8%), n-pentane (15%), dis- and trans-pentene-2 (12%), 2-
methyl-2-butene (8%), cyclopentene (22%), cyclopentane (8%),
baance 20%). Alternative CAS numbersfor the test substance
are 68410-97-9 and 68603-00-9.

Thetest substance was considered to be stable for the duration
of the study.

OECD 422

4 week generd toxicity and reproduction / development toxicity
screening test by inhdation exposure to rats (Toxicity phase).
Yes

2002.

Rat.

Crl:CcD® (Sprague-Dawley) IGSBR.

Inhaation (gas)

28 days

0, 992, 3033, or 8502 ppm

12 maes, 12 females per dose group for main study group

6 hours/ day

7 days/ wee

12 mdes, 12 femaes, ar-only exposed.

Not gpplicable

All gatistical anadyses were carried out separately for males and
femdes

Datarelating to food consumption was andysed on a cage basis.
For dl other parameters, the andyses were carried out using the
individua anima asthe basic experimentd unit. Thefollowing
datatypes were anaysed at each timepoint separately:

Rearing and activity counts

Bodyweight (FOF) and body temperature

Grip strength, landing footsplay and motor activity
Bodyweight, using gains over appropriate study periods.

Food consumption, over appropriate study periods, using
cumuldive cage totas.

Biochemistry and haematology.

Organ weights, absolute and / or adjusted for termina
bodyweight.

Pathologicd findings, for the number of animaswith and
without each finding.

For categoricd data, incdluding rearing and activity countsand
pathological findings, the proportion of animals was analysed
using Fisher's Exact test (Fisher 1973) for each trested group
versusthe control.

For continuous data, Bartlett's test (Bartlett 1937) wasfirst
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goplied to test the homogenicity of variance between the groups.
Using tests dependent on the outcome of Bartlett's tet, treated
groups were then compared with the Control group,
incorparating adjustment for multiple comparisons where
necessary.

The following sequence of statistical tests was used for
bodyweight (FOB), body temperature, grip strength, landing
footsplay and motor activity, bodyweight, food consumption,
organ weight and dinica pathology deta.

If 75% of the data (across dl groups) were the same vaue, for
example ¢, then afrequency andysis as applied. Trestment
groups were compared using aMantel test for atrend in
proportions (Mantel 1963) and aso pairwise Fisher's Exact tests
(Fisher 1973) for each dose group against the contral both for 1)
vaues <c versus vaues <=c, and for 2) vaues <=c versus
vaues <c, asgpplicable.

If Bartlett'stest for variance homogeneity (Bartlett 1937) was
not significant at the 1% level, then parametric anadysiswas
gpplied. If the F1 test for monotonicity of doseresponse
(Healey 1999) was not sgnificant at the 1% level, Williams test
for amonotonic trend (Williams 1971, 1972) was applied. If the
F1 test was Significant, suggesting that the dose response was
not monotone, Dunnett'stest (Dunnett 1955, 1964) was
performed instead.

If Bartlett'stest was Significant at the 1% leve, then logarithmic
and square-root transformations weretried. If Bartlett'stest was
ill significant, then non-parametric testswere gpplied. If the
H1 test for monotonicity of doseresponse (Hedey 1999) was
not significant at the 1% level, Shirley'stest for amonotonic
trend (Shirley 1977) was gpplied. If the H1 test was significant,
uggesting thet the dose-response was not monotone, Stedl's test
(Sted 1959) was performed ingteed.

For functional observation battery data and motor activity, pre-
trestment values were analysed as detailed above. Dataduring
the treatment phase was analysed using anady sis of variance
using pre-trestment values as the covariant.

For organ weight data, andyses of variance wasinitidly
performed using termina bodyweight as covariate. If thewithin
group relaionship between organ weight and bodyweight was
sgnificant & the 10% level (Angervall and Carlstrom, 1963),
then the trestment comparisons were made on adjusted group
meansin order to dlow for differencesin bodyweight which
might influence the organ weights.

Significant differences between Control and treated groupswere
expressed at the 5% (p<0.05) or 1% (p<0.01) level. Williams
test isdenoted by *'; t tests are denoted by '+, and Shirley'stest

by '+
Results
NOAEL (NOEL) 992 ppm for females, not established for males (<992 ppm).
LOAEL (LOEL) 3033 ppm for femaes, <992 ppm for males.
Remarks Thetest atmospheres were andysed by GC and the analysed

concentrations were in agreement with the target concentrations.
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Toxicity Phase

Sdivation was noted in animas receiving 8502 ppm during the
trestment period, with lethargy noted on one occasion. Motor
activity of males receiving 8502 ppm was reduced throughout
the treetment period. Haematocrit and red cell countswere
reduced in femaes exposed to 8502 ppm. Increased kidney
welghts were noted at 3033 and 8502 ppm, and increased liver
weights were noted at 8502 ppm.

Histopathologica changesincluded the kidney of maerats
(rend corticd tubules with hydine droplets) with, in dl treated
maesand in femadesat 3033 and 8502 ppm, asincreased
incidence of basophilic cortica tubules. Minima centrilobular
hepatocyte hypertrophy of males at 8502 ppm, associated with
dightly higher liver weightswere noted. In malesand femaes
at 8502 ppm and femaes at 3033 ppm atrophy / disorganisation
of the olfactory epithelium of nasdl turbinates were noted.

Conclusions Sight effects on generd systemic toxicity dueto thetest
substance were gpparent amongst male animals receiving 992,
3033 or 8502 ppm. The no effect level of the test substance for
the genera systemic toxicity to femaeratsfor 28 days
inhaaion administration was 992 ppm. A no-effect leve for
male toxicity was not established (<992 ppm).

Data Quality
Rdidbilities (1) Rdliable without restrictions
Reference Huntingdon Life Sciences Ltd., 2004. 4-week generd toxicity

and reproduction / development toxicity screening test by
inhaation exposureto rats Project ID CSS 022. Huntingdon
Life Sdences Ltd., Cambridgeshire, England.
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Repeated Dose Toxicity

Test Substance
Remarks

Method
Method / guideline followed
Test type

GLP

Year

Soedies

Strain

Route of adminigtration
Duration of test

Doses/ concentretion levels
S

Exposure period

Fregquency of treatment
Control group and trestment

Post exposure observation period

Statigtica methods

Test conditions

Results
NOAEL (NOEL
LOAEL (LOEL
Remarks

Pyrolysis (C5s (CAS No. 8476-55-1, hydrocarbons, C5-rich) are
produced from C5 hydrocarbons digtillate fraction from
pyrolysis gasoline obtained from ethylene production (steam
cracking process). The sample tested consisted of isoprene
(18%), cis- and trans-pentadiene-1, 3 (16%0), cyclopentadiene +
dicyclopentadiene (14%0), n-pentane (10%), cyclopentene (7%0),
2-methyl-2-butene (3%0) and cyclopentane (1%0). Thebaance
consigts of other hydrocarbons with similar boiling point
(primary C5s). Alternative CAS numbersfor the test substance
are 68476-43-7, 68527-19-5, 68603-00-9 and 68956-55-8.

The three mgor components anaysed were shown to be stable
for the duration of testing in this study.

OECD 422

4 week genera toxicity and reproduction / development toxicity
screening test by inhdation exposure to rats (Toxicity phase).
Yes

2002.

Rat.

Crl:cD® (Sprague-Dawley) IGSBR.

Inhaation (gas).

28 days.

0, 98, 302, or 1012 ppm.

12 males, 12 femaes per dose group for main study group.

6 hours/ day.

7 days/ week.

12 mdes, 12 femaes, ar-only exposed.

Not applicable.

Appropriate satistica anadyses were conducted on all
parameters.

Groups of 12 mae and 12 femae CD rats were exposed to the
test materid asagasdaily by inhaation for six hours/ day at
exposure levels of 0, 98, 302, or 1012 ppm. In thismain Sudy
(repested-exposure generd toxicity) malesand femdeswere
exposed for 28 days. During the study, clinical condition,
detailed functional observetiond battery, motor activity,
bodyweight, food consumption, haematology, blood chemistry,
organ weight and macrascopic and microscopic pathology
investigations were undertaken. The study aso contained
reproductive/ developmenta toxicity satellite groups
(summarized separately).

302 ppm for females, not established for males.

Not gpplicable.

Thetest atmospheres were andysed by GC and the analysed
concentrations were in agreement with the target concentrations.

Toxicity Phase

There were no Sgns considered reflective of agenerd systemic
effect obsarved during routine dlinica examination or during the
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functional observationd battery. Occasiond intergroup
differencesin haematological and biochemica parameterswere
considered to be unrelated to trestment for the following
reasons. no correlation between the sexes, no correlation with
other changes, dight magnitude of effectsdl occurring within
expected historica ranges, possible atypica control group
results.

Histopathologica changes were redricted to the liver (minimal
centrilobular hepatocyte hypertrophy) of high doserats,
associated with dightly higher liver weights. In addition, in
malerats, ahigher kidney weight and incidence of cortica
tubules with hyaline droplets was apparent in dl treated groups.
High dose males aso showed asociated kidney lesons. No
kidney pathologica changes were gpparent in trested females.

Conclusions Sight effects on generd systemic toxicity dueto the test
ubgtance were gpparent amongst male animals receiving 98,
302 or 1012 ppm. The no &ffect level of the test substance for
the generd systemic toxicity to femae ratsfor 28 days
inhalation administration was 302 ppm. A no-effect leve for
male toxicity was not established.

Data Quality
Rdidbilities (1) Reliable without restrictions
Reference Huntingdon Life Sciences L td., 2004. 4-week generd toxicity

and reproduction / development toxicity screening test by
inhdation exposure to rats Project ID CSS 012. Huntingdon
Life Sdences Ltd., Cambridgeshire, England.
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Toxicity to Reproduction

Test Substance
Remarks

Method

Method/guideline followed
Test type

GLP

Yex

Soedies

Strain

Route of adminigtration
Duration of test
Concentration levels

Sex

Exposure period
Frequency of treatment
Control group and trestment
Satistica methods

Remarksfor Test Conditions

Results
NOAEL

Conclusions

Isoprene, CASH 78-79-5
Purity >99%.

Other

13-week inhdation study

Yes

194

Rat and mouse

F344 rats and B6C3F1 mice
Inhalation (vapor)

13 weeks

0, 70, 700, or 7000 ppm

10 mde, 10 femae per group

6 hours/day

5 daysweek

10 mde, 10 femde, ar-only exposed
Anayssof incidence of neoplastic and nonneoplastic lesions
was performed

Groups of 10 animals/sex /group/species (6-8 weeks age a
study initiation) were exposed to various levels of isoprenefor 6
hrg/day, 5 days/week for thirteen weeks. Sperm moatility,
vagind cytology, and histopathol ogic eval uations of the
reproductive organs were performed on dl rats and mice as part
of theterminal sacrifice for the core 13-week subchronic
inhalation study.

2200 ppm (rats).
220 ppm (mice).

There were no exposure -related effectsin rats except adight
increase in the incidence and relative severity of intertitia cell
hyperplasia of the testisin the 7000 ppm group. In mice,
testicular weight was reduced 35% in the 7000 ppm group, and
morphological changes (seminiferous tubular atrophy) were
detected in 2/10 mice. Mdesin the 700 and 7000 ppm groups
had 12% and 30% lower epididyma weights, 129% and 46%
lower spermatid head counts, 129% and 46% lower sperm
concentrations, and 6% and 23% reductionsin sperm moatility,
respectively. Thefemae mice exposed to 7000 ppm exhibited
edtrous cycle lengths significantly longer than the control group
(4.8vs. 4.2 days).

No significant effects on reproductive endpoints were observed
in rats except dight changesin the testis a the highest exposure
level (7000 ppm). Mice exhibited significant effects at 700 ppm
or higher, including increased estrous cydle length and testicular
atrophy, and decreased epididymal weight, sperm head count,
sperm concentration, and sperm motility.
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Data Quality

Rdiahilities (1) Religblewith restrictions. Limited reproductive toxicity data
obtained as part of a NTP-sponsored subchronic inhaation
toxicity study.

Reference Méehnick RL; SlIsRC; Roycroft JH; Chou BJ; Ragan HA,;

Miller RA (1994). |soprene, an endogenous hydrocarbon and
industriad chemical, induces multiple organ neoplasain rodents
after 26 weeks of inhalation exposure. Cancer Res. 54:5333-
5330.
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Toxicity to Reproduction

Test Substance
Remarks

Method
Method / guideline followed
Test type

GLP

Year

Soedies

Strain

Route of administration
Duration of test

Doses/ concentration levels

Sex

Exposure period

Frequency of treatment

Contral group and treatment

Post exposure observation period
Statisticd methods

2-methyl-2-butene (CAS number: 513-35-9). Thetest substance
was stable for the duration of dl studies performed at the test
house

OECD 422

4 week generd toxicity and reproduction / development toxicity
screening test by inhaation exposure to rats (Toxicity phase)
Yes

2001/ 2002

Rat

Crl:CcD® (Sprague-Dawley) IGSBR

Inhaation (gas)

Two weeks prior to breeding, during breeding, and continuing
through day 19 of gestation. The damswere then alowed to
ddiver their litters, which were retained until lactation day 4.

0, 580, 2000, or 7000 ppm

12 femaes per dose group for this satdllite study

6 hours/ day

7 days/ week

12 femdes, ar-only exposed

Not applicable

All gatistical andyses were carried out separately for males and
femdes

Datareating to food consumption was andysed on acage bads.
For dl other parameters, the anadlyses were carried out using the
individuad animad asthe basic experimentd unit. Thefollowing
datatypes were analysed at each timepoint separately:

Rearing and activity counts

Bodyweight (FOB) and body temperature

Grip strength, landing footsplay and motor activity
Bodyweight, using gains over gppropriate study periods.

Food consumption, over appropriate study periods, using
cumuldive cage totds.

Blood chemistry and haematology.

Organ weights, absolute and / or adjusted for temind
bodyweight.

Pethologicd findings, for the number of animaswith and
without each finding.

For categoricd data, including rearing and activity counts and
pathological findings, the proportion of animals was andysed
using Fisher's Exact test (Fisher (1973) for each trested group
versus the control.

For continuous data, Bartlett's test (Bartlett 1937) wasfirst
goplied to test the homogeneity of variance between the groups.
Using tests dependent on the outcome of Bartlett's test, treated
groups were then compared with the Control group,
incorporating adjustment for multiple comparisons where
necessary.

The following sequence of statistical tests was used for
bodyweight (FOB), body temperature, grip strength, landing
foot splay and motor activity, bodyweight, food consumption,
organ weight and dinica pathology data.
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If 75% of the data (across dl groups) were the same vaue, for
example ¢, then afrequency andysiswas applied. Treatment
groups were compared using aMantel test (for atrend in
proportions (Mantel 1963) and aso pairwise Fisher's Exact test
(Fisher 1973) for each dose group againgt the control both for 1)
vaues <c versus vaues >=c, and for 2) vaues <=c versus
values>c, as gpplicable.

If Bartlett's test for variance homogeneity (Bartlett (1937) was
not significant at the 1% leve, then parametric andysiswas
applied. If the F1 test for monotonicity of doseresponse
(Hedley 1999) was not significant at the 1% leve, Williams test
for amonotonic trend (Williams 1971, 1972) was applied. If the
F1 test was significant, suggest that the dose-response as not
monotone, Dunnett'stest (Dunnett 1955, 1964) was performed
instead.

If Bartlett's test was Significant at the 1% leve, then logarithmic
and square-root transformations weretried. |f Bartlett's test was
il significant, then non-parametric testswere gpplied. If the
H1 test for monotonicity of doseresponse (Hedley 1999) was
not significant at the 1% leve, Shirley'stest for monotonic trend
(Shirley 1977) was gpplied. If the H1 test was Significant,
suggesting that the doseresponse was not monotone, Sted's test
(Sted 1959) was performed instead.

For organ weight data, andysis of variance wasiinitidly
performed using termina bodyweight as covariate. If thewithin
group relationship between organ weight and bodyweight was
sgnificant at the 10% level (Angerval and Carlstrom, 1963),
then the trestment comparisons were made on adjusted group
meansin order to dlow for differencesin bodyweight which
might influence the organ weights.

Significant differences between Control and treated groups were
expressed at the 5% (p>0.05) or 1% (p<0.01) level. Williams
test isdenoted by *'; t tests are denoted by '+'; Dunnett'stest is
denoted by *' and Shirley'stest by '+'.

Test Conditions Sadlite groups of 12 femae Sprague Dawley rats were exposed
to thetest materid asagasdaily by inhdation for six hours/
day at exposure levels of 0, 580, 2000, or 7000 ppm. The study
design included amain study for repested dose taxicity end
points (summarized separately) and reproductive/
developmenta toxicity satellite groups of 12 females per
exposure level. The reproductive/ developmenta toxicity
satellite groups were exposed for two weeks prior to breeding,
during breeding and continuing through day 19 of gedtation.
Males from the main study were used to breed these females.
The damswere dlowed to ddliver their litters, which were
retained until lactation Day 4. During the study clinica
condition, bodyweight, food consumption, oestrus cycles,
mating performance, litter data, organ weights and macroscopic

pathology were undertaken.
Results
NOAEL (NOEL) 7000 ppm.
LOAEL (LOEL) Not gpplicable.
Remarks Thetest atmospheres were andysed by GC and the analysed

concentrations were in agreement with the target concentrations.
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Reproductive Phase

Exposure to femae rats for 2 weeks prior to pairing, and up to
Day 19 of gestation, did not produce any evidence of any
reproduction or developmental toxicity. The oestrus cycle was
unaffected by exposure, and mating performance, fertility
indices and gedtation length were smilar in al groups. There
were no adverse effects upon surviva or growth of the offspring
in utero or up to Day 4 of lactation.

Conclusions The no effect leve for reproduction / developmentd toxicity
was 7000

Data Quality

Rdiabilities (1) Reliable without restrictions

Reference Huntingdon Life Sciences Ltd., 2004. 4-week generd toxicity

and reproduction / development toxicity screening test by
inhaation exposureto rats Project ID CSS002. Huntingdon
Life Sdences Ltd., Cambridgeshire, England.
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Toxicity to Reproduction

Test Substance
Remarks

Method
Method / guideline followed
Test type

GLP

Year

Soedies

Stran

Route of administration
Duration of test

Doses concentration levels

Sex

Exposure period

Frequency of treatment

Control group and trestment

Post exposure observation period
Statistica methods

Hydrotrested C5s (CAS No. 68602-79-9, didtillates, petroleum,
benzene unit hydrotreater depentanizer overheads) are Pryolysis
C5s (obtained by didtillation from the ethylene production
process) that have been partialy hydrogenated to reduce
diolefin content. The Paraffinic / Olefin/ Naphthene/ Aromatic
(PONA) content of the sample tested was 30/61/8/0.1 and the
complex mixture conssted of 1,3-butadiene (75%0), isopentane
(8%), n-pentane (15%), cis- and trans-pentene-2 (12%), 2-
methyl-2-butene (8%), cyclopentene (22%), cyclopentane (8%),
baance (20%). Alternative CAS numbersfor the test substance
are 68410-97-9 and 68603-00-9.

Thetest substance was considered to be stable for the duration
of the study.

OECD 422

4 week generd toxicity and reproduction / development toxicity
screening test by inhaation exposure to rats (Reproductive
phase).

Yes

2002

Rat

Crl:CcD® (Sprague-Dawley) IGSBR.

Inhaation (gas)

Two weeks prior to mating, during mating, and continuing
through day 19 of gestation. The damswere then allowed to
ddiver therr litters, which were retained until lactation day 4.

0, 992, 3033, or 8502 ppm

12 females per dose group

6 hors/ day

7 days/ week

12 femdes, ar-only exposed

Not gpplicable

All gatistical andyses were carried out separately for maes and
femdes

Datarelating to food consumption was analysed on acage besis
For dl other parameters, the analyses were carried out using the
individua animal asthe basic experimenta unit. Thefollowing
datatypes were analysed at each timepoint separately:
Bodyweight, using gains over gppropriate sudy periods.

Food consumption, over appropriate study periods, sing
cumulaive cagetotals.

Organ weights, absolute and / or adjusted for termina
bodyweight.

For continuous data, Bartlett's test (Bartlett (1937) wasfirst
gpplied to test the homogeneity of variance between the groups.
Using tests dependent on the outcome of Bartlett's test, treated
groups were then compared with the Control group,
incorporating adjustment for multiple comparisons where
necessary.

Thefollowing sequence of statistica tests was used for
bodyweight, food consumption, organ weight and litter data.

If 75% of the data (across dl groups) were the same vaue, for
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example ¢, then afrequency andysiswas applied. Treatment
groups were compared using aMantel test for atrend in
proportions (Mantel 1963) and also pairwise Fisher's Exact tests
(Fisher 1973) for each dose group against the control both for 1)
vaues <c versus vaues >=c, and for 2) vaues <=c versus
vaues <c, asgpplicable.

If Bartlett'stest for variance homogeneity (Bartlett 1937) was
not significant at the 1% leve, then parametric andysiswas
applied. If the F1 test for monotonicity of dose-response
(Hedley 1999) was not significant at the 1% leve, Williams test
for monotonic trend (Williams 1971, 1972) was applied. If the
F1 test was significant, suggesting that the doseresponse was
not monotone, Dunnett'stest (Dunnett 1955, 1964) was
performed instead.

If Bartlett'stest was Sgnificant at the 1% level, then logarithmic
and square-root transformations were tried. If Bartlett's test was
il significant, then non-parametric testswere gpplied. If the
H1 test for monotonicity of doseresponse (Hedey 1999) was
not significant at the 1% level, Shirley'stest for amonotonic
trend (Shirley 1977) was applied. If the H1 test was Significant,
suggesting that the dose response was not monotone, Sted's test
(Sted 1959) was performed instead.

For organ weight data, andysis of variance wasiinitidly
performed using termina bodyweight as covariate. If thewithin
group relationship between organ weight and bodyweight was
sgnificant at the 10% level (Angerval and Carlstrom, 1963),
then the trestment comparisons were made on adjusted group
meansin order to dlow for differencesin bodyweight which
might influence the organ weights.

Significant differences between Control and tregted groups were
expressed at the 5% (p<0.05) or 1% (p<0.01) level. Williams
test isdenoted by *'; t tests are denoted by '+, and Shirley'stest
by '+

Test Conditions Groupsof 12 femae Sprague Dawley rats were exposed to the
test materiad asagasdaily by inhdation for six hours/ day at
exposure levels of 0, 992, 3033 or 8502 ppm. The study design
included amain study for repeated dose toxicity end points
(summarized separately) and reproductive / developmental
toxicity satellite groups of 12 femaes per exposurelevel. The
reproductive/ developmentd toxicity satdlite groupswere
exposed for two weeks prior to mating, during mating and
continuing through day 19 of gestation. Maesfrom themain
study were used to breed these females. The damswere dlowed
to ddliver their litters, which were retained until lactetion day 4.
During the study clinical condition, bodyweight, food
consumption, oestrous cycles, mating performance, litter data,
organ weights and macroscopic pathology were undertaken.

Results

NOAEL (NOEL) 8502 ppm.

LOAEL (LOEL) Not gpplicable.

Remarks The test a@mospheres were andysed by GC and the analysed

concentrations were in agreement with the target concentrations.

Reproductive Phase
Exposure to mae and femalerats for 2 weeks prior to pairing,
and for femaerats up to day 19 of gedtation, did not produce
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Conclusions

Data Quality
Rdiabilities

Reference

any evidence of any reproduction or developmentd toxicity.
The oestrous cycle was unaffected by exposure, and mating
performance, fertility indices and gestation length were smilar
indl groups. Therewere no adverse effects upon surviva or
growth of the offspring in uterus or up to day 4 of lactation.

The no effect leve for reproductive / developmentd toxicity
was 8502 ppm.

(1) Reliable without restrictions

Huntingdon Life Sciences Ltd., 2004. 4-week generd toxicity
and reproductive/ developmental toxicity screening test by
inhdation 3exposure to rats Project ID CSS 022, Huntingdon
Life Sciencesltd., Cambridgeshire, England.
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Toxicity to Reproduction

Test Substance
Remarks

Method
Method / guideline followed
Test type

GLP

Year

Soedies

Stran

Route of administration
Duration of test

Doses/ concentration levels
Sex

Exposure period

Frequency of treatment
Control group and trestment

Post exposure observation period

Statigtical methods

Test conditions

Pyrolysis C5s (CAS No. 68476-55-1, hydrocarbons, C5-rich)
are produced from C5 hydrocarbons digtillate fraction from
pyrolysis gasoline obtained from ethylene production (steam
cracking process). The sample tested consisted of isoprene
(18%), cis- and trans-pentadiene-1, 3 (16%0), cyclopentadiene +
dicyclopentadiene (14%0), n-pentane (10%), cyclopentene (7%0),
2-methyl 1-2-butene (3%) and cyclopentane (1%). The balance
consigts of other hydrocarbons with similar boiling point
(primarily C5s). Alternative CAS numbersfor the test
ubstance are 68476-43-7, 68527-19-5, 68603-00-9 and 68956~
55-8.

The three mgor components analysed were shown to be stable
for the duration of testing in this study.

OECD 422

4 week generd toxicity and reproduction / development toxicity
screening test by inhalation exposure to rats (Reproductive
phase).

Yes

2002

Rat

Crl:CcD® (Sprague-Dawley) IGSBR

Inhaation (gas)

Two weeks prior to breeding, during breeding, and continuing
through day 19 of gestation. The dams were then dlowed to
ddiver therr litters, which were retained until lactation day 4.
0, 98, 302 or 1012 ppm

12 femaes per dose group for this satdllite study

6 hours/ day

7 days/ week

12 femdes, ar-only exposed

Not gpplicable

Appropriate satistical analyses were conducted an dl
parameters

Sadlite groups of 12 femde Sprague Dawley rats were exposed
to thetest materid asagasdaily by inhdation for six hours/
day at exposure levels of 0, 98, 302, 94 102 ppm. The study
design included amain study for repeated dose toxicity end
points (summarized separately) and reproductive/
developmental toxicity satdlite groups of 12 females per
exposure level. The reproductive / developmentd toxicity
satellite groups were exposed for two weeks prior to breeding,
during breeding and continuing through day 19 of gestation.
Males from the main study were used to breed these femaes.
The damswere dlowed to ddiver ther litters, which were
retained until lactation day 4. During the study dlinical
condition, bodyweight, food consumption, oestrus cycles,
mating performance, litter data, organ weights and macroscopic
pathology was undertaken.
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Results

NOAEL (NOEL 1012 ppm.

LOAEL (LOEL) Not gpplicable.

Remarks Thetest atmospheres were andysed by GC and the analysed
concentrations were in agreement with the target concentrations.
Reproductive Phase
Exposure to femaeratsfor 2 weeks prior to pairing, and up to
day 19 of gestation, did not produce any evidence of any
reproduction or developmentd toxicity. The oestrous cyclewas
unaffected by exposure, and mating performance fertility
indices and gegtation length were similar in al groups. There
were no adverse effects upon surviva or growth of the offspring
in utero or up to day 4 of lactation.

Conclusions The no effect level for reproduction / developmentd toxicity
was 1012 ppm.

Data Quality

Reiabilities (1) Reliable without restrictions

Reference Huntingdon Life Sciences Ltd., 2004. 4-week generd toxicity
and reproduction / development toxicity screening test by
inhaation exposureto rats Project ID CSS 012. Huntingdon
Life Sdences Ltd., Cambridgeshire, England.
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Developmental Toxicity/Ter atogenicity

Test Substance Isoprene, CASH 78-79-5

Remarks Purity >99.7%.

Method

Method/guideline followed OECD 414

Test type Developmentd toxicity (teratogenicity) sudy

GLP Yes

Yeax 1989

Soedies Rat and mouse

Strain Sorague-Dawley (rat) and CD-1/Swiss (mouse)

Route of administration Inhalation (vapor)

Concentration levels 0, 280, 1400, or 7000 ppm

Sx ~30 pregnant females per group; plus 10 virgin females per

Exposure period group for comparison

Frequency of treatment Gestation days 6-19 (rats) or 6-17 (mice)

Control group and trestment 6 hours/day

Duration of test Air-exposed only

Stetigtica methods Females sacrificed on gestation day 20 (rats) or 18 (mice)
Not specified

Remarksfor Test Conditions Positively mated mice were exposed on days 6-17 of gestation

and rats on days 6-19. Theday of plug or sperm detection was
designated asday 0. Body weights were recorded throughout
the study period, and uterine and fetal body weights were
obtained at sacrifice. Implants were enumerated and their status
recorded. Live fetuseswere sexed and examined for gross,
viscerd, skeletd, and Soft-tissue craniofacid defects.

Results
NOAEL materna toxicity 7000 ppm (rats), 1400 ppm (mice).
NOAEL developmentd toxicity 7000 ppm (rats), <280 ppm (mice).

Maternd effects Exposure of pregnant rats to these concentrations of isoprene
did not result in gpparent maternal toxicity. The only effect
observed in the rat dams was an increased kidney to body
weight ratio at the highest level (7000 ppm). Exposure of Swiss
(CD-1) miceto isoprene resulted in (from day 12 onward)
significant reductions in materna body weight, body weight
gain during trestment, and uterine weight for the 7000 ppm
group. Liver to body weight ratios for pregnant mouse dams
were significantly increased in the 1400 and 7000 ppm groups
compared to the control group, and kidney to body weight ratios
were significantly increased the 7000 ppm group.

Embryoffetd effects In rets, there was no adverse effect on any reproductive index at
any level and therewas no increase in fetd malformations or
varigions. A dight, but not satistically significant, incressein
the incidence of reduced vertebra ossifications (centra) was
noted a 7000 ppm. In mice, there was an exposure-related and
statistically significant reduction in fetal body weights at the
280 ppm levd for female fetuses and at the 1400 ppm leve for
male fetuses. No embryotoxicity in the form of increased
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Conclusions

Data Quality
Rdiabilities

Reference

intrauterine degth was present at any exposure level. There was
no significant increase in the incidence of fetd maformations or
ossfications, athough two fetuses with cleft palate were found,
onein each of the two highest exposure groups (1400 and 7000
ppm). Cleft paates were not detected in the control group.
Increased incidences of variations (supernumerary ribs) were
observed in the exposed groups, athough this skeletd variation
isgenerdly consdered asecondary effect of materna toxicity
or dressand it's significance is unclear. The incidence of
supernumerary ribs (percent of fetuses examined) was 20.1,
23.8, 33.6, and 40.3% a 0, 280, 1400, and 7000 ppm.

Pregnant Sprague-Dawley rats and their offspring exhibited no
significant toxic effects of isoprene a any exposurelevel in this
study. Swiss (CD-1) mouse dams exhibited significant toxic
effects only a the 7000 ppm level; however the offspring
exhibited sgnificant Sgns of toxicity, including reductionsin
fetal body weight at al exposure concentrations.

(1) Reliable without retrictions. NTP-sponsored study.

Nationa Toxicology Program (1989). Inhaaion Developmenta
Toxicology Sudies: Teratology Study of 1soprenein Mice and
Rats. TER88045; NTIS#DES9008095.
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AQUATIC TOXICITY ROBUST SUMMARIES

Fish Acute Toxicity

Test Substance
Remarks Isoprene (CAS No. 78-79-5) dso known as 1,3-butadiene 2-
methy!

The test substance was stable for the duration of al the studies
performed by the test house.

Method
Method/guiddline followed OECD Guide-line 203 and EC directive 92/96 C1

GLP Yes

Yexr 2002

Test type Semidatic

Soedies Oncorhynchus mykiss (fresh water fish)

Exposure period 96 hours

Limit test No

Andytical monitoring Yes

Study Design Groups of ten juvenile fish were exposed for 96 hoursto
Isoprene, prepared in diluent water (dechlorinated tap weter, ca
150-200 mg/l as CaCO3) a nomina concentrations of 2.13,
4,70, 10.3, 22.7 and 50.0 mg/l. Because the test substance was
known to be volatile, the test was conducted in completely
filled and sedled vessels. At each concentration, the test
medium was prepared from an aqueous preparation which was
meade using techniques designed for generating awater
accommodated fraction (WAF); the test substance was injected
through a slicone bung into aglass vessd containing diluent
water and was stirred for gpproximately 24 hours before
aiquots were removed and used to fill duplicate test vessels at
each concentration.

The exposure levels were monitored by measuring the
concentrations of Isoprenein samples of thetest mediausing a
GC method of andysis.

The measured concentrations of 1soprene ranged between 42%
and 105% of their nomind valuesin samples of freshly
prepared media and between 44 and 84% % of their nomina
vauesin samples of expired (24-hour-old) media (between 68
and 106% of their garting vaues). Based on ageometric mean,
the overadl mean messured levels of 1soprene were 1.68, 3.57,
6.71, 15.0 and 28.7 and 28.7 mg/l.

Observations of the fish were made after 0.25, 2, 4, 24, 48, 72
and 96 hours of exposure.

Evauation of data LCB0 vadues were estimated by acomputer program
(Stephan:1977,1982) using the number of fish exposed and the
number deed a each messured concentration.

Results After 96 hours, the highest measured concentration a which no
mortality had occurred was 3.57 mg/l and the lowest at which
there was 100% mortdity was 15.0 mg/l. Treatment-related
effects were exhibited a 6.71 mg/l and higher concentrations.
Basad on these findings the following vaues have been
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estimated:
96-hour LC50 vadue = 7.43 mg/l (95% confidence limits of
6.71and 15.0 mg/l)
Conclusions NOEC =357 mg/l (measured concentration)
LC50 = 7.43 mg/l (measured concentration)
Data Quality (1) vdid without restrictions
Reference Huntingdon Life Sciences Ltd. 2002. Acute Toxicity to

Rainbow Trout (Semi-static exposure conditions). Project ID
CSS032. Huntingdon Life Sciences Ltd., Cambridgeshire,

England
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Fish Acute Toxicity

Test Substance 2-methyl-2-butene (CAS No. 513-35-9) aso known as 2-
methyl, 2-butene

Remarks The test substance was stable for the duration of dl the studies
performed by the test house.

Method

Method/guideline followed
GLP

Year

Test type

Spedies

Exposure period

Limit test

Analytica monitoring
Study Design

Evduation of data

Results

OECD Guide-line 203 and EC directive 92/96 C1

Yes

2002

Semigaic

Oncorhynchus mykiss (Rainbow trout; fresh water fish)

96 hours

No

Yes

The study was conducted in completely filled (no headspace)
and sedled vessdls because of the voldtility of 2-methyl-2-
butene. At each concentration, the test medium was prepared by
dtirring the test substance in asealed vessel for gpproximately 24
hours. After being dlowed to stand for at least 30 minutesto
obtain an equilibrium concentration of 2-methyl-2-butene,
diquots of medium were removed from the middle of the vessl
and used tofill thetest vessels at each concentration.

Groups of ten juvenile fish were exposed for 96 hoursto a
control solution (dechlorinated tap water, ca. 150-200 mg/l as
CaCQs) or to 2-methyl-2-butene at nomina concentrations of
2.13,4.70,10.3, 22.7 and 50.0 mg/l. The exposure levelswere
monitored by measuring the concentrations of 2-methyl-2-
butene in samples of thetest mediausing a GLC method of
anayss.

The messured concentrations of 2-methyl-2-butene ranged
between 33% and 89% of their nomind vauesin samples of
freshly prepared media and between 33 and 99% of their
nomina vauesin samples of expired (24-hour-old) media
(between 93 and 116% of their starting values). Based on an
aithmetic mean, the overal mean measured levels of 2-methyl-
2-butene were 1.67, 2.93, 5.33, 8.51 and 25.9 mg/l.

Observations of the fish were made after 0.25, 2, 4, 24, 48, 72
and 96 hours of exposure.

LGCso vadues were estimated by non-linear interpolation between
the two concentrations which bracket the 50% effect level using
acompute program (Stephan: 1977, 1982); the program usesthe
number of fish expased and the number dead a each measured
concentration.

After 96 hours, the highest measured concentration at which no
mortality had occurred was 2.93 mg/l and the lowest at which
there was 100% mortality was 8.51 mg/l. Trestment-related
effects were exhibited at 5.33 mg/l and higher concentrations.
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Basad on these findings the following vaues have been
edimated: 96-hour LCsq vaue =4.99 mg/l (95% confidence

limits of 2.93 and 8.51 mg/l).
Conclusions NOEC = 2.93 mg/l (measured concentration)
LGCso = 4.99 mg/l (messured concentration)
Data Quality (1) vdid without restrictions
Reference Huntingdon Life Sciences Ltd. 2002. Acute Toxicity to

Rainbow Trout (Semi-static exposure conditions). Project ID
CSS(032. Huntingdon Life Sciences Ltd., Cambridgeshire,
England.
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Fish Acute Toxicity

Test Substance
Remarks

Method
Method/guiddline followed
GLP

Exposure period
Limit test

Andytical monitoring
Study Design

Evduation of data

Results

Hydrotrested C5s (CAS No. 68602-79-9, didtillates, petroleum,
benzene unit hydrotreater depentanizer overheads) are Pyrolysis
C5s (obtained by didtillation from the ethylene production
process) that have been partialy hydrogenated to reduce
diolefin content.

The Paraffin/Ol efin/Naphtha ene/Aromatic (PONA) content of
the sampl e tested was 30/61/8/0.1 and the complex mixture
consisted of 1,3-butadiene (7%6), isopentane (8%v), n-pentane
(15%0), cis- and trans-pentene-2 (12%), 2-methyl-2-butene (8%v),
cyclopentene (22%), cyclopentane (8%v), baance (20%).
Alternative CAS numbersfor the test substance are 68410-97-9
and 68603-00-9.

The test substance was consdered to be stable for the duration
of the study.

OECD Guide-line 203 and EC Directive 92/96 C1

Yes

2002

Semiddic

Oncorhynchus mykiss (Rainbow trout; fresh water fish)

96 hours

No

Yes

The study was conducted in completely filled (no headspace)
and sedled vessals because of the volatility of Hydrotrested C5s.
At each concentration, the test medium was prepared by sirring
the test substance in a sedled vessd for between approximately
20 and 23 hours. After being dlowed to stand for at least 60
minutes to obtain an equilibrium concentration of Hydrotrested
C5s, diquots of medium were removed from the middle of the
vess and used tofill thetest vessals at each concentration.

Groups of ten juvenile fish were exposed for 96 hoursto a
control solution (dechlorinated tap water, ca. 150-200 mg/l as
CaCQ3) or to Hydrotreated C5s a nomina concentrations of
2.13,4.70,10.3, 22.7 and 50.0 mg/l. The exposure levelswere
monitored by measuring the concentrations of Hydrotreated C5s
in samples of the test mediausing aGC method of andyss.

Observations of the fish were made after 0.25, 2, 4, 24, 48, 72
and 96 hours of exposure.

LLso/LCso vaues were estimated by non-linear interpolation
between the two |oading rates/concentrations which bracket the
50% effect level using acomputer program (Stephan: 1977,
1982); the program uses the number of fish exposed and the
number dead & each nomind loading rate/mesesured
concentration.

The measured concentrations of Hydrotreated C5s ranged
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Conclusions

Data Quality

Reference

between 36% and 79% of their nomina valuesin samples of
freshly prepared mediaand between 27 and 67% of their
nomina valuesin samples of expired (24-hour-old) media
(between 62 and 92% of their Sarting vaues). Basedona
geometric mean, the overal mean meesured levels of
Hydrotreated C5swere 1.12, 2.79, 5.33, 10.3 and 19.6 mg/l.

After 96 hours, the highest nominal loading rate a which £ 10%
mortality had occurred was 4.70 mg/l and the lowest a which
there was 100% mortdity was 22.7 mg/l; 2.79 and 10.3 mg/l in
terms of mean measured Hydrotrested C5s concentrations.

Treatment-related effects were exhibited a nomind loading
rates of 4.70 mg/l and higher rates (2.79 mg/l, measured).

Basad on these findings the following vaues have been
estimated: 96-hour LLsq vaue=10.3 mg/l (95% confidence
limits of 4.7 and 22.7 mg/l)

96-hour LCsq vaue = 5.33 mg/l (95% confidence limits of 2.79
and 10.3 mg/).

96-hour LL50 = 10.3 mg/l (loading rate)
96-hour LC50 = 5.33 mg/l (measured concentration)

(2) Valid without restrictions

Huntingdon Life SciencesLtd. 2002. Acute Toxicity to
Rainbow Trout (Semi-gtatic exposure conditions). Project ID
CSS025. Huntingdon Life Sciences Ltd., Cambridgeshire,
England.
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Fish Acute Toxicity

Test Substance
Remarks

Method
Method/guideline followed
GLP

Exposure period
Limit test

Analytical monitoring
Study Design

Evduation of data

Results

Pyrolysis C5s (CAS No. 68476-55-1, hydrocarbons, C5-rich)
are produced as a C5 hydrocarbons ditillate fraction from
pyrolysis gasoline obtained from ethylene production (steam
cracking process). The sample tested consisted of isoprene
(18%0), cis- and trans-pentadiene-1,3 (16%), cyclopentadiene +
dicyclopentadiene (14%), n-pentane (10%), cyclopentene (7%0),
2-methyl-2-butene (3%0) and cyclopentane (1%0). Thebaance
consgts of other hydrocarbons with smilar boiling points
(primarily C5s). Alternative CAS numbersfor the test
substance are 68476-43-7, 68527-19-5, 68603-00-9 and 68956
55-8. Thethree mgor components anaysed were shown to be
stable for the duration of testing in the study.

OECD Guide-line 203 and EC Directive 92/96 C1

Yes

2002

Semiddic

Oncorhynchus mykiss (Rainbow trout; fresh water fish)

96 hours

No

Yes

The study was conducted in completdly filled (no headspace)
and sedled vessdls because of the volatility of Pyrolysis Cbs. At
each concentration, the test medium was prepared by girring the
test substance in asedled vessdl for between approximately 21
and 22 hours. After being dlowed to stand for at least 60
minutes to obtain an equilibrium concentration of Pyrolysis C5s,
diquots of medium were removed from the middle of the vessd
and used tofill thetest vessels at each concentretion.

Groups of ten juvenile fish were exposed for 96 hoursto a
control solution (dechlorinated tap water, ca. 150-200 mg/l es
CaCQ3) or to Pyrolysis C5s at nominal concentrations of 2.13,
4.70,10.3, 22.7 and 50.0 mg/l. The exposure levelswere
monitored by measuring the concentrations of Pyrolyss Cbsin
samples of the test mediausing aHPLC method of andlysis.

Observations of the fish were made after 0.25, 2, 4, 24, 48, 72
and 96 hours of exposure.

LLso/LCso vaues were estimated by non-linear interpolation
between the two |oading rates/concentrations which bracket the
50% effect level using acomputer program (Stephan:1977,
1982); the program uses the number of fish exposed and the
number deed & each nomind loading rate/messured
concentration.

The measured concentrations of Pyrolysis Cbs ranged between
37% and 91% of their nomind vauesin samples of freshly
prepared media and between 24 and 73% of their nomind
vauesin samples of expired (24-hour-old) media (between 62
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Conclusions

Data Quality

Reference

and 112% of ther darting vaues). Based on an arithmetic
mean, the overal mean meesured levels of Pyrolysis C5swere
142,249,640, 12.8 and 27.0 mg/l.

After 96 hours, the highest nomind loading rate a which £ 10%
mortality had occurred was 10.3 mg/l and the lowest a which
there was 100% mortdity was 22.7 mg/l; 6.40 and 12.8 mg/l in
terms of mean measured Pyrolysis C5s concentrations.

Treatment-reated effects were exhibited at nomind loading
rates of 4.70 mg/l and higher rates (2.49 mg/l, measured).

Based on these findings the following vaues have been
edimated: 96-hour LLsq vaue = 14.1 mg/l (95% confidence
limits of 10.3 and 22.7 mg/l)

96-hour LCsq vaue = 8.41 mg/l (95% confidence limits of 6.40
and 128 mg/l).

96-hour LLso = 14.1 mg/l (loadig rate)
96-hour LCs = 841 mg/l (measured concentration)

() vdid without redtrictions

Huntingdon Life Sciences Ltd. 2002. Acute Toxicity to
Rainbow Trout (Semi-static exposure conditions). Project ID
CSS015. Huntingdon Life Sciences Ltd., Cambridgeshire,
England.
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Fish Acute Toxicity

Test Substance
Method/Guidedine
Year (guideling)
Type (test type)

GLP

Year (sudy performed)
Species

Analytical Monitoring
Exposure Period
Statistical Method

Test Conditions

Note: Concentration prep., vessel
type, volume, replication, water
quality parameters,
environmental conditions,
organisms supplier, age, size,
weight, loading.

CASNo. 109-66-0; n-Pentane

OECD 203

1992

Semidtatic Fish Acute Toxicity Test
Yes

1997

Rainbow Trout (Oncorhynchus mykiss)
Yes

96 hour

Trimmed Spearman Karber Method.

Thetest materid was added directly to the test chambersvia
injection by syringe. Test vesselswere 4L aspirator bottles
completely filled with solution. Control and dilution water were
alaboratory blend of filtered well water and reverse osmosis
water. Test vessals were seeled with no headspace. Test
solutions were mixed gently using amagnetic tir bar for the
duration of thetest. Test solutions were renewed daily by
sphoning out 80% and refilling with dilution water and re-
dosing. Each test vessel contained 5fish. Threereplicates were
prepared per trestment, two with fish and one for sampling
pUrposes.

Nomind n-pentane trestment levelswere 3.12, 6.25, 12.5, 25,
and 50mg/L, which measured 0.635, 1.02, 2.21, 5.81, and
7.03mg/L, respectively, and are based on the mean of test
materid in samples taken from the new and old solutions.

Test temperature was 13.6 Deg C. Lighting was 860Lux with
16 hrslight and 8 hrs dark. Dissolved Oxygen was8.3t0 10.8
mg/L for "new" solutionsand 6.9t0 9.2 mg/L for "old"
solutions. The pH ranged from 7.0 to 7.2 for "new" solutions
and 7.0to 7.2 for "old" solutions.

Fish supplied by Thomas Fish Co.; age=5 weeks old; mean
wt.=0.249g; mean totd length=3.4cm; test loading=0.277g
fidL.
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Results 96 hour LC50 = 4.26mg/L (95% Cl 3.6 to 5.04mg/L) based
. ) upon messured va ues of old and new solutions.
Units/Value:

Note: Deviations from protocol Andlytical method used was Headspace Gas Chrometography
or guideline, analytical method, with Flame I onization Detection (GC-FID).

biological observations, control The fish were dightly shorter than the guideline suggestion of
survival. 4.0 to 6.0cm, which were purposaly selected to help maintain
oxygen levelsin the closed system. Fish Sze had no significant
effect on study outcome.

Measured Fish Tota

Conc. (mg/L) Mortality (@96 hrs)*
Control 0
0.635
1.02
221
5.81
7.03

2P~N OO0

0

* 10 fish added at test initiation

Conclusion 96 hour LC50 = 4.26mg/L (95% Cl 3.6 t0 5.04mg/L) based
upon measured vaues of old and new solutions.

Rédiability (1) Reliable without restriction

Reference Exxon Biomedica Sciences, Inc. 1997. Acute Fish Toxicity
Test with Rainbow Trout. Study #157558.
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Fish Acute Toxicity

Test Substance
Method/Guiddine

Year (quideline)
Type (test type)

GLP

Year (sudy performed)
Species

Analytical Monitoring
Exposure Period

Statistical Method

Test Conditions

Note: Test material loading
preparation, vessd type, volume,
replication, water quality
parameters, environmental
conditions, and test organism
supplier, age, size, weight, and
loading.

CAS No. 68526-52-3; Alkenes, C6 Rich
OECD 203

1992

Semidatic Fish Acute Toxicity Test
Yes

1995

Rainbow Trout (Oncorhynchus mykiss)
Yes

96-hour

Trimmed Spearman-Karber Method (Hamilton, M.A. &t d.
1977. Trimmed Spearman-Karber Method for Etimeting
Median Lethal Concentration in Toxicity Bioassays. Environ.
Sai. Technal. 11:714-719.)

Each test solution was prepared by adding the test substance, via
syringe, to 19.5 L of |aboratory blend water in 20 L glass
carboys. The solutions were mixed for 24 hours with avortex of
<10%. Mixing was performed using amagnetic tir plate and
TeflonO coated tir bar at room temperature (approximeately
22C). After mixing, the solutions were alowed to settle for one
hour after which the Water Accommodated Fraction (WAF) was
siphoned from the bottom of the mixing vessdl through asiphon
that was placed in the carboy prior to adding the test material.
Test vesselswere 4.0 L aspirator bottlesthat contained
approximately 4.5 L of test solution. Each vessdl was seded
with no headspace after 5 fish were added. Three replicates of
esch test materid |oading were prepared. Approximately 80% of
each solution was renewed daily from afreshly prepared WAF.

Test materid loading levelsinduded: 6.25, 12.5, 25, 50, and
100 mg/L, which measured 2.9, 6.6, 134, 16.9, and 44.0 mg/L,
respectively, and are based on the mean of samplestaken from
the new and old test solutions. A control containing no test
materid wasincluded and the andytical results were below the
quantitation limit, which was 0.2 mg/L. Andytica method used
was Headspace Gas Chromatography with Flame lonization
Detection (GC-FID).
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Test Conditions(cont.)

Note: Test material loading
preparation, vess type, volume,
replication, water quality
parameters, environmental
conditions, and test organism
supplier, age, size, weight, and
loading.

Results
Units'Value

Note: Deviations from protocol
or guideline, analytical method,
biological observations, control
survival.

Conclusion

Reliability

Reference

Test temperature was 16C (sd = 0.04). Lighting was 623 to 629
Lux with a 16-hr light and 8-hr dark cycle. Dissolved oxygen
ranged from 7.7 t0 9.6 mg/L for "new" solutionsand 4.5t0 7.5
mg/L for "old" solutions. The pH ranged from 8.2 to 8.5 for
"new" solutionsand 7.2to 7.7 for "old" solutions.

Fish supplied by Thomas Fish Co. Anderson, CA, USA; age a
test initiation = approximately 5 weeks;, mean wt. at test
termination = 0.375 g; mean tota length at test termination =
3.6 cm; test loading = 0.42 g of fis/L. Thefish were dightly
shorter than the guideline suggestion of 4.0to 6.0 cm, which
were purposdly selected to help maintain oxygen levelsinthe
closed system. Fish size had no significant effect on study
outcome.

96-hour LL50 = 12.8 mg/L (95% Cl 10.7 to 15.3 mg/L) based
upon loading rates.

Loading Fish Total
Rae L Mortality (@96 hrs)*

Control 0
6.25 0

125 7

25 15

50 15

100 15

* 15 fish added at test initiation

96-hour LL50=12.8 mg/L (95% Cl 10.7 to 15.3 mg/L) basd
upon loading rates.

(1) Reliable without retriction
Exxon Biomedicd Sciences, Inc. 1996. Fish, Acute Toxicity

Test. Study #119058. Exxon Biomedicd Sciences, Inc., East
Millstone, NJ, USA.
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Daphnid Acute Toxicity

Test Substance
Remarks

Method

Method/guiddine followed
GLP

Year

Test type

Species

Exposure period

Limit test

Anaytica monitoring
Study Design

Evduation of data

Results

Isoprene (CAS No. 78-79-5) dso known as 1,3-butadiene, 2-
methyl

Thetest substance was stable for the duration of al the studies
performed by the test house.

OECD Guideline202 and EC Directive 92/96 C2

Yes

2002

Static

Daphnia magna (Crustaces)

48 hours

No

Yes
Groups of twenty Daphnia, lessthan 24 hours old, were
exposed for 48 hoursto Isoprene, prepared in Elendt M4
medium at nomina concentrations of 2.13, 4.70, 10.3, 22.7 and
50.0 mg/l. Becausethetest substance was known to be
volatile, the test was conducted in completdly filled and sedled
vessds. Thetest mediawere prepared, either directly or by
dilution, from an agueous preparation which was made using
techniques designed for generating awater accommodated
fraction (WAF); the test substance wasinjected through a
silicone septum into an amber glass vessel containing Bendt
M4 medium and was stirred for gpproximately 22 hours before
aiquots were removed and used to provide the test media.

The exposure levels were monitored by measuring the
concentrations of 1soprenein samples of the test mediausing a
GC method of andlysis.

Observations of the Daphniain each control and test vessdl
were made after 24 and 48 hours.
EC50 vaues were cdculated using acomputer program
(Stephan’s: 1977,1982) which uses the number of Daphnia
exposed and the number immobile a each nomind and
measured concentration.

The“no observed effect concentration” (NOEC) was derived by
direct inspection of the data on the immohility of the animds.
An incidence of more than 10% is considered to be sgnificant.

Although lower than intended, the measured concentrations of
Isoprene at the start (between 30 and 48% of their nomina
values) were adequately maintained during the test, giving
meesured levels of between 30 and 51% of nomind after 48
hours. Based on an arithmetic mean, the overdl mean measured
levels of |soprenewere 0.648, 1.55, 3.52, 9.47 and 25.4 mg/l.
After 48 hours, the lowest measured concentration resulting in
100% immohility was 9.47 mg/l and the highest measured
concentration at which no immobilisation occurred was 3.52
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mg/l.

Conclusions 48-hour EC50 value = 5.77 mg/l (95% confidence limits of 3.52
and 9.47 mg/l)(meesured concentration)
NOEC = 352 mg/l (measured concentration)

Data Quality (1) vaid without regtrictions
Reference Huntingdon Life Sciences Ltd. 2002. Acute Toxicity to

Daphnia Magna. Project ID CSS033 Huntingdon Life
Sdences Ltd., Cambridgeshire, England
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Daphnid Acute Toxicity

Test Substance 2-methyl-2-butene (CAS No. 513-35-9)

Remarks Thetest substance was stable for the duration of dl the sudies
performed by the test house.

Method
Method/guideline followed OECD Guide-line 202 and EC Directive 92.96 C2

GLP Yes

Year 2002

Test type Static

Soedies Daphnia magna (Crustaces)

Exposure period 48 hours

Limit test No

Andytica monitoring Yes

Study Design The study was conducted in completdly filled (no headspace)
and sedled vessdls because of the volatility of 2-methyl-2-
butene. The test mediawere prepared, either directly or by
dilution, from an agueous preparation in which the test
subgtance was gtirred in a seded vessd in the dark for
gpproximately 24 hours. After being alowed to stand for
approximately 30 minutesto obtain an equilibrium
concentration of 2-methyl-2-butene, diquots of medium were
removed from the middle of the vessd and used tofill replicate
vessdls a each concentration.

Groups of twenty Daphnia, lessthan 24 hours old, were
exposed for 48 hours to 2-methyl-2-butene, prepared in Elendt
M4 medium a nomina concentrations of 2.13, 4.70, 10.3, 22.7
and 50.0 mg/l. The exposure levels were monitored by
measuring the concentrations of 2-methyl-2-butenein samples
of thetest mediausing aGLC method of andysis.

Observations of the Daphnia in each control and test vessdl
were made after 24 and 48 hours.

Evauation of data ECs, vaues were estimated either by the moving average
method or by non-linear interpolation between the two
concentrations which bracket the 50% effect level using a
computer program (Stephan: 1977, 1982); the program usesthe
number of Daphnia exposed and the number immobile a each
nomina and messured concentration.

The"no observed effect concentration” (NOEC) was derived by
direct inspection of the data on the immohility of the animds.
An incidence of more than 10% is considered to be significant.

Results Although lower than intended, the mean measured
concentrations of 2-methyl-2-butene at the sart (between 30 and
49% of their nomina values) were adequatdly maintained

during the tet, giving measured levels of between 28 and 46%

of nomina after 48 hours. Based on an arithmetic mean, the
overal mean measured leves of isoprene were 0.691, 1.74,
2.95,6.63 and 23.6 mg/l.

199



HPV CHEMICAL CATEGORY SUMMARY:: C5 NON-CYCLICS CATEGORY

After 48 hours, the lowest measured concentration resulting in
100% immohility was 6.63 mg/l and the highest measured

concentration a which immobilisation was £ 10% was 1.74
mgl.

Conclusions 48-hour ECs( vaue = 3.84 mg/l (95% confidence limits of 3.01
and 4.80 mg/l; measured concentration)
NOEC = 1.74 mg/l (messured concentration)

Data Quality (1) vdid without restrictions
Reference Huntingdon Life Sciences Ltd. 2002. Acute Toxicity to

Daphnia Magna. Project ID CSS033. Huntingdon Life
Sciences Ltd., Cambridgeshire, England.
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Daphnid Acute Toxicity

Test Substance
Remarks

Method
Method/guiddline followed
GLP

Yeax

Test type

Soedies

Exposure period

Limit test

Andyticad monitoring
Study Design

Evduation of data

Results

Hydrotrested C5s (CAS No. 68602-79-9, didtillates, petroleum,
benzene unit hydrotreater depentanizer overheads) are Pyrolysis
C5s (obtained by didtillation from the ethylene production
process) that have been partiadly hydrogenated to reduce
diolefin content.

The Paraffin/Olefin/Naphthaene/Aromatic (PONA) content of
the sample tested was 30/61/8/0.1 and the complex mixture
conssted of 1,3-butadiene (7%0), isopentane (8%), n-pentane
(15%), cis- and trans-pentene-2 (12%), 2-methyl-2-butene (8%),
cydopentene (22%), cyclopentane (8%), baance (20%).
Alternative CAS numbersfor the test substance are 63410-97-9
and 68603-00-9.

Thetest substance was considered to be stable for the duration
of the study.

OECD Guide-line 202 and EC Directive 92/96 C2

Yes

2002-2003

Static

Daphnia magna (Crustaces)

48 hours

No

Yes
The study was conducted in completdly filled (no headspace)
and sealed vessdls because of the volatility of Hydrotreated
C5s. At each concentration, the test medium was prepared
from an agueous preparation in which the test substance was
girred in asedled vessd in the dark for approximately 20.5
hours. After being dlowed to stand for approximatdly 1.5
hours to obtain an equilibrium concentration of Hydrotreasted
C5s, diquots of medium were removed from the middle of the
vessd and used to fill replicate vessdls at each concentration.

Groups of twenty Daphnia, lessthan 24 hours old, were
exposed for 48 hoursto Hydrotrested C5s, prepared in Elendt
M4 medium a nomina concentrations of 2.13, 4.70, 10.3, 22.7
and 50.0 mg/l. The exposure levels were monitored by
measuring the concentrations of Hydrotreated Cosin samples of
thetest mediausing a GLC method of anaysis.

Observations of the Daphniain each control and test vessdl
were made after 24 and 48 hours.

EL50/ECso vaues were estimated by non-linear interpolation
between the two |oading rates/concentrations which bracket the
50% effect levd using acomputer program (Stephan: 1977,
1982); the program uses the number of Daphnia exposed and
the number immobile a each nomind loading rate and
measured concentration.

Although lower than intended, the mean measured
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concentrations of Hydrotreated C5s at the start (between 14 and
31% of their nomina values) were adequately maintained

during the test, giving meesured levels of between 18 and 40%

of nomina &fter 48 hours. Based on ageometric meen, the
overdl mean messured levels of Hydrotreated C5s were 0.338,
0.783, 3.60, 6.77 and 15.3 mg/l.

After 48 hours, the highest loading rate at which no
immohilisation occurred was 4.70 mg/l and the lowest loading
rate resulting in 100% immobility was 22.7 mg/l; 0.783 and 6.77
mg/l in terms of mean meesured Hydrotreated C5s
concentrations.

48-hour EL 5o vaue = 9.34 mg/l (95% confidence limits of 4.70
and 22.7 mg/l; nomind loading rate)

48-hour ECs( vaue = 2.98 mg/l (95% confidence limits of 0.783
and 6.77 mg/l; measured concentration)

Conclusions 48-hour EL 5 vaue = 9.34 mg/l (nomind loading rate)
48-hour ECs vaue = 2.98 mg/l (measured concentration)

Data Quality (1) vdid without regtrictions

Reference Huntingdon Life Sciences Ltd. 2003. Acute Toxicity to

Daphnia magna. Project ID CSS024. Huntingdon Life
Sciences Ltd., Cambridgeshire, England.
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Daphnid Acute Toxicity

Test Substance
Remarks Pyrolysis C5s (CAS No. 68476-55-1, hydrocarbons, C5-rich)
are produced as a C5 hydrocarbons didtillate fraction from
pyrolysis gasoline obtained from ethylene production (steam
cracking process). The sample tested consisted of isoprene
(18%0), cis- and trans-pentadiene-1,3 (16%), cyclopentadiene +
dicyclopentadiene (14%), n-pentane (10%), cyclopentene (7%),
2-methyl-2-butene (3%0) and cyclopentane (1%0). Thebaance
consgts of other hydrocarbons with smilar boiling points
(primarily C5s). Alternative CAS numbersfor the test
substance are 68476-43-7, 68527-19-5, 68603-00-9 and 68956~
55-8. Thethree mgor components anaysed were shown to be
stable for the duration of testing in the study.

Method
Method/guideline followed OECD Guide-line 202 and EC Directive 92/96 C2

GLP Yes

Yeax 2002-2003

Test type Static

Soedies Daphnia magna (Crustaces)

Exposure period 48 hours

Limit test No

Analytical monitoring Yes

Study Design The study was conducted in completdly filled (no headspace)
and sedled vessdl s because of the volatility of Pyrolysis Cbs.

At each concentration, the test medium was prepared from an
aqueous preparation in which the test substance was stirred ina
sedled vessd in the dark for approximately 23 hours. After
being alowed to stand for gpproximately 1.5 hoursto obtain an
equilibrium concentration of Pyrolysis C5s, diquots of medium
were removed from the middle of the vessdl and used to fill
replicate vessdls at each concentration.

Groups of twenty Daphnia, lessthan 24 hours old, were
exposed for 48 hoursto Pyrolysis C5s, prepared in Elendt M4
medium at nomina concentrations of 2.13, 4.70, 10.3, 22.7 and
50.0mg/l. Theexposure levelswere monitored by measuring
the concentrations of Pyrolysis Csin samples of thetest media
using an HPLC method of andysis.

Observations of the Daphnia in each control and test vessel
were made after 24 and 48 hours.

Evduation of data EL50/ECso vaues were estimated by non-linear interpolation
between the two |oading rates/concentrations which bracket the
50% effect leve using acomputer program (Stephan: 1977,
1982); the program uses the number of Daphnia exposad and
the number immobile a each nomind loading rate and
measured concentration.

Results Although lower than intended, the mean measured
concentrations of Pyrolysis Cos at the start (between 54 and
67% of their nomind vaues) were adequatdly maintained
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during the test, giving meesured levels of between 55 and 73%
of nomina after 48 hours. Based on aaithmetic mean, the
overdl mean measured levels of Pyrolysis Coswere 1.41, 3.23,
6.83, 15.6 and 27.2 mg/l.

After 48 hours, the highest loading rate at which no
immobilisation occurred was 4.70 mg/l and the lowest [oading
rate resulting in 100% immobility was 10.3 mg/l; 3.23 and 6.83
mg/l in terms of mean mesured Pyrolysis C5s concentrations.

48-hour EL 5o vaue = 6.96 mg/l (95% confidence limits of 4.70
and 10.3 mg/l; nomind loading rate)

48-hour ECsq vaue = 4.70 mg/l (95% confidence limits of 3.23
and 6.83 mg/l; measured concentration)

Conclusions 48-hour EL 50 = 6.96 mg/l (nomind loading rete)
48-hour ECsg = 4.70 mg/l (measured concentration)

Data Quality (1) vaid without regtrictions

Reference Huntingdon Life Sciences Ltd. 2002. Acute Toxicity to

Daphnia Magna. Project ID CSS014. Huntingdon Life
Sciences Ltd., Cambridgeshire, England.
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Alga Toxicity

Test Substance

Remarks Isoprene (CAS No. 78-79-5) dso known as 1,3-butadiene, 2-
methyl
The test substance was stable for the duration of dl the studies
performed by the test house.

Method

Method/guiddine followed
GLP

Year

Endpoint

Species

Exposure period

Limit test

Anaytica monitoring
Study Design

Evduation of data

OECD Guide-line 201and EC Directive 92/69 C3

Yes

2002

Growth rate

Pseudokirchneriellasubcapitata (formerly Selenastrum

capricornutum) (Algae)

96 hours

No

Yes
Triplicae dgal cultures, with aninitia cdl density of 1 x
104/ml, were exposed to |soprene a nomina concentrations of
4.27,9.39, 20.7, 45.5 and 100 mg/l. Becausethetest substance
was known to be volatile, the test was conducted in completely
filled and sedled vessals. The test mediawere prepared, either
directly or by dilution, from an agqueous preparation which was
mede using techniques designed for generating a weter
accommodated fraction (WAF); the test substance wasinjected
through a silicone septum into an amber glassvessd containing
aga medium and was stirred for gpproximately 21 hours
before diquots were removed and used to provide the test
media. The cultureswere incubated in an orbital incubator
under continuousillumination a temperatures ranging from
23410 24.0°C for 96 hours.

The exposure levelswere monitored by measuring the
concentrations of 1soprene in samples of the test mediausing a
GC method of andysis.

Cél numbers were measured daily to monitor growth, and the
test results are expressed in terms of the area under the growth
curve and growth rate.

The areaunder the growth curve is taken to be an index of
growth and is caculated mathematicaly.

The B,Csp (“X”h) isthe median effect concentration for
inhibition of growth based on acomparison of areas under the
growth curves after “X” hours. The B,Cso Wascaculated by a
computer program (Stephan: 1977, 1982) using percentage effect
and the nominal and measured test concentration in test
samples.

The " no observed effect concentrations’ (NOEC) was
determined using Dunnett’ s multicomparison test to compare
the percentage inhibition in the test group with that for the
contral cultures (Dunnett: 1955, 1964).

C5 NON-CYCLICS CATEGORY
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Results

Conclusions

Data Quality

Reference

The measured concentrations of |soprene ranged between 14
and 39% of their nomina vaues at the gart of the test and
between 20 and 32% of nomind after 96 hours. Based onan
arithmetric mean, the overdl mean meesured levels of 1soprene
were 0.846, 1.68, 6.00, 10.3 and 35.2 mg/l

Areaunder the growth curve (measured concentrations):
EbC50 (72 h) : 15.3 mg/l (95% confidence limits, 12.9 &
186 mg/l)

EbC50 (96 h) : 15,5 mg/l (95% confidence limits, 13.3 &
184 mgfl)

No observed effect concentration (NOEC) :1.68mgl

Average specific growth rate:
ErC50 (0-72h) :>35.2mg/l (34% inhibition)
ErC50 (0-96h) :>352mg/l (31% inhibition)

No observed effect concentration (NOEC) :6.00mg/l

After 96 hours of exposure, approximatedy 25% of the dgd
cdls a 103 mg/l and the mgority of cdls a 352 mg/l were
swollen and/or mis-shapen.

After 72 and 96 hours of exposure to Isoprene, the EECso vaues
were 153 and 155 mgl repectivey; the ECso vaues were
>35.2 mg/l, with 34 and 31% inhibition repectively.

The " no observed effect concentration” (NOEC) for area under
the growth curve and growth rate respectively, were 1.68 and
6.00 mg/l.

() vdid without redtrictions

Huntingdon Life Sciences Ltd. 2002. Algd growth inhibition
assay. Project ID CSS029 Huntingdon Life SciencesLtd.,
Cambridgeshire, England
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Alga Toxicity

Test Substance 2-methyl-2-butene (CAS No. 513-35-9) aso known as 2-
methyl, 2-butene.

Remarks The test substance was stable for the duration of dl the studies
performed by the test house

Method

Method/guideline followed

GLP
Yex
Endpoint
Spedies

Exposure period
Limit test

Anaytica monitoring
Study Design

Evduation of data

OECD Guide-line 201, EC Directive 92/69 C3, USEPA TSCA

797.1050 & 797.1060

Yes

2003

Growth rate

Pseudokirchneridla subcapitata (formerly Sdenastirum

capricornutum) (Algae)

96 hours

No

Yes
The study was conducted in completdly filled (no headspace)
and sedled vessdls because of the volatility of 2-methyl-2-
butene. The test mediawere prepared, either directly or by
dilution, from an aqueous preparation in which the test
substance was stirred in a sealed vessl for gpproximately 23
hoursinthe dark. After being alowed to stand for at least one
hour to obtain an eguilibrium concentration of 2-methyl-2-
butene, aliquots of medium were removed from the middle of
the vessel and after dilution and inoculated with dgd cells, was
used tofill thetest vessels. The cultures wereincubated in an
orbital incubator under continuous illumination at temperatures
ranging from 22.3to 23.4°C for 96 hours. Replicate dgd
cultures, with an initial cell destiny of 1 x 10*/ml, were exposed
to 2-methyl-2-butene at nomind concentrations of 3.20, 7.04,
155,341 and 75 mg/l.

The exposure levels were monitored by measuring the
concentrations of isoprenein samples of thetest mediausing a
GLC method of andyss.

Cdll dendties were measured daily to monitor growth, and the
test results are expressed in terms of the area under the growth
curve and growth rate.

The areaunder the growth curve and the average specific
growth rate are taken to be an index of growth and are
cdculated mathematically.

The B,Cso ("X" h) isthe median effect concentration for
inhibition of growth based on acomparsion of areas under the
gowth curves after "x" hours. The B,Cso Was cdculated using
the moving average method of acomputer program
(Stephan:1977, 1982) which uses percentage effect and the
nomina and measured test concentration in test samples.

The ECso ("X" -"y" h) isthe median effect concentration for
inhibition of growth based on a comparison of growth rates
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Results

Obsarvations

Conclusions

Data Quality

Reference

from "x" to"y" hours. The ECsq was caculated by either the
moving average method or by non-linear interpolation between
the two concentrations which bracket the 50% effect leve of a
computer program (Stephan:1977, 1982); the program uses
percentage effect and the nomina messured test concentration
intest samples. The''no observed effect concentrations'
(NOEC) was determined using Dunnett's multicomparison test
to compare the percentage inhibition in the test group with that
for the control cultures (Dunnett:1955, 1964).

The measured concentrations of 2-methyl-2-butene ranged
between 19 and 27% of their nomina vaues a the start of the
test and between 22 and 29% of nomind after 96 hours. Based
on an arithmetic mean, the overdl mean measured levels of 2-
methyl-2-butene were 0.689, 1.53, 3.61, 7.22 and 21.1 mg/l.

Areaunder the growth curve (messured concentrations):
B,Cso (72 h) : 105 mg/l (95% confidence limits, 9.55 & 11.7
mo/l)

E,Cso (96 h) : 10.1 mg/l (95% confidence limits 9.21 & 11.1

mgl)
No observed effect concentration (NOEC) : 3.61 mg/l

Average specific growth rate (meesured concentrations):
ECso (0-72h) : 12.0 mg/l (95% confidence limits, 7.22 & 21.1

E,Cso (0-96 1) : 13.2 mg/l (95% confidence limits, 12.2 & 14.3

mg)
No observed effect concentration (NOEC) : 7.22 mg/l

After 96 hours of exposure, the mgority of the cdls a 21.1 mg/l
were swollen and/or mis-shapen.

After 72 and 96 hours of exposure to 2-methyl-2-butene, the
E,Cso vaueswere 10.5 and 13.2 mg/l respectively; the ECsg
vaueswere 12.0 and 13.2 mg/l repectively.

The "no observed effect concentration” (NOEC) for areaunder
the growth curve and growth rate repectively, were 3.61 and

72 mgl.

(1) vdid without redtrictions

Huntingdon Life Sciences Ltd. 2003. Algd growth inhibition
assay. Project ID CSS003. Huntingdon Life SciencesLtd.,

Cambridgeshire, England
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Alga Toxicity

Test Substance
Remarks

M ethod
Method/guideline followed

GLP

Yer

Endpoint

Soedies

Exposure period
Limit test

Andyticad monitoring
Study Design

Evduation of data

Hydrotrested C5s (CAS No. 68602-79-9, didtillates, petroleum,
benzene unit hydrotrester depentanizer overheads) are Pyrolysis
C5s (obtained by didtillation from the ethylene production
process) that have been partidly hydrogenated to reduce
diolefin content.

The Paraffin/Olefin/Naphthene/Aromatic (PONA) content of the
sample tested was 30/61/8/0.1 and the complex mixture
consisted of 1,3-butadiene (7%), isopentane (8%o), n-pentane
(15%0), cis- and trans-pentene-2 (12%), 2-methyl-2-butene (8%v),
cyclopentene (22%), cyclopentane (8%o), baance (20%).
Alternative CAS numbersfor the test substance are 68410-97-9
and 68603-00-9. Thetest substance was considered to be stable
for the duration of the study.

OECD Guide-line 201, EC Directive 92/69 C3, USEPA TSCA

797.1050 & 797.1060

Yes

2002-2003

Growth rate

Pseudokirchneridla subcapitata (formerly Sdenastrum

capricornutum) (Algee)

96 hours

No

Yes
The study was conducted in completdly filled (no headspace)
and seded vessdl's because of the volatility of Hydrotreated
C5s. Thetest medium was prepared by stirring the test
substance in asedled mixing vessd for gpproximately 21 hours
inthedark. After being alowed to stand for gpproximately 60
minutes to obtain an equilibrium concentration of the test
substance, a portion of the medium was removed from the
middle of the vessd and &fter the inoculation with dgd cdls,
the medium was used to fill replicate test vessels at each
concentration. The cultureswere incubated in an orbital
incubator under continuous illumination at temperatures
ranging from 22.0 to 23.2°C for 96 hours. Replicate dgd
cultures, with an initial cell density of 1 x 10%/ml, were exposed
to Hydrotreated C5s at nominal concentrations of 4.27, 9.39,
20.7, 45,5 and 100 mg/l.

The exposure levels were monitored by measuring the
concentrations of Hydrotreated C5sin samples of the test media
using aGLC method of andysis.

Cdll dengties were measured daily to monitor growth, and the
test results are expressed in terms of the area under the growth
curve and growth rate.

The are under the growth curve and the average pecific growth
rate are taken to be an index of growth and are calculated
mathematically.

C5 NON-CYCLICS CATEGORY
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The ByLso/EyCso (X" h) isthe median effect concentration for
inhibition of growth based on acomparison of areas under the
growth curves dter "x" hours. The B,Lso/E,Cso could not be
calculated because growth wasinhibited by less than 50%.

The ELso/ECsp ("X" - "y" h) isthe median effect loading rate/
concentration for inhibition of growth based on acomparison of
growth ratesfrom "x" and "y" hours. The ELso/ECs could not
be cdculated because growth was inhibited by less than 50%.

The"no observed effect loading rate/concentration”
(NOELR/NOEC) was determined using Dunnett's
multicomparison test to compare the percentage inhibitionin the
test group with that for the control cultures (Dunnett: 1955,
1964).

Results Results for individua measurements were varigble, particularly
at the lowest level where the measured concentration ranged
between 264 and 642% of nomind. Asthe nomind

concentrations increased, the achieved level's decreased, with
measured levels of Hydrotreated C5s ranging between 30 and
147% of their nomina values at the Sart of the test and between
21 and 113% of nomind after 96 hours. Based on ageometric
mean, the overal mean measured levels of Hydrotreated C5s
were16.9,12.1, 13.1, 24.7 and 25.1 mg/l. Falureto achieve
exposure levels and variability in the datawere thought to
reflect the difficulties associated with testing avoldile
substance and the varying aqueous solubilities of the
congtituents.

Areaunder the growth curve:

72and 96 h Blso:> 1(X)mg/|

72and 96 h B,Csp : > 251 mgll

(46% and 43% inhibition at 72 and 96 hours)

No observed effect loading rate (NOELR; 96 h) : 9.39 mg/l
No observed effect concentration (NOEC; 96 h) : 12.1 mg/l.

Average specific growth rate:

72and 96 h ELsg: > 100 mg/l

72and 96 hECsq : > 25.1 mg/l

(6% and 14% inhibition at 72 and 96 hours)

No observed effect loading rate (NOELR; 96 h) : 20.7 mg/l
No observed effect concentration (NOEC; 96 h) : 13.1 mg/l.

Obsarvations After 96 hours of exposure, the cells a 455 and 100 mg/l (24.7
and 25.1 mg/l, measured) were swallen and/or mis-shapen.

Conclusions After 96 hours of exposure to Hydrotreated C5s, the B,Lso/E,Cso
and ELs/E Csp vaueswere > 100 and > 25.1 mg/l respectively.

The"no observed effect loading rate/concentration”
(NOELR/NOEC) for area under the growth curve respectively
were9.39 and 12.1 mg/l. For growth rate, the NOELR/NOEC
respectively were 20.7 and 13.1 mg/l.
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Data Quality (1) vdid without restrictions

Reference Huntingdon Life Sciences Ltd. 2002. Algd growth inhibition
assay. Project ID CSS023. Huntingdon Life Sciences Ltd.,
Cambridgeshire, England.
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Alga Toxicity

Test Substance
Remarks

Method
Method/guiddline followed

GLP

Yer

Endpoint

Soedies

Exposure period
Limit test

Anaytical monitoring
Study Design

Evduation of data

Pyrolysis C5s (CAS No. 68476-55-1, hydrocarbons, C5rich) are
produced as a C5 hydrocarbons ditill ate fraction from pyrolysis
gasoline obtained from ethylene production (steam cracking
process). The sampletested consisted of isoprene (18%), cis-
and trans-pentadiene-1,3 (16%), cyclopentadiene +
dicyclopentadiene (14%0), n-pentane (10%), cyclopentene (7%),
2-methyl-2-butene (3%0) and cyclopentane (1%0). Thebaance
consgts of other hydrocarbons with smilar boiling points
(primarily C5s). Alternative CAS numbersfor the test
substance are 68476-43-7, 68527-19-5, 68603-00-9 and 68956
55-8. Thethree mgor components analysed were shown to be
stable for the duration of testing in the study.

OECD Guide-line 201, EC Directive 92/69 C3, USEPA TSCA

797.1050 & 797.1060

Yes

2002

Growth rate

Pseudokirchneridla subcapitata (formerly Sdenastrum

capricornutum) (Algae)

96 hours

No

Yes
The study was conducted in completely filled (no headspace)
and sealed vessals because of the volatility of Pyrolysis C5s.
The test medium was prepared by stirring thetest substanceina
sedled mixing vessdl for approximately 21 hoursin the dark.
After being alowed to stand for gpproximately 90 minutesto
obtain an equilibrium concentration of the test substance, a
portion of the medium was removed from the middle of the
vessd and after the inoculation with dgd cdlls, the medium
was used to fill replicate test vessels et each concentration. The
cultures were incubated in an orbital incubator under
continuous illumination at temperatures ranging from 23.1 to
24.4°Cfor 96 hours. Replicate algd cultures, with an initial
cdll density of 1 x 10*/ml, were exposed to Pyrolysis C5s at
nomina concentrations of 4.27, 9.39, 20.7, 45.5 and 100 mg/l.

The exposure levels were monitored by measuring the
concentrations of Pyrolysis C5sin samples of the test media
using an HPLC method of andysis.

Cdl dengties were measured daily to monitor growth, and the
test results are expressed in terms of the area under the growth
curve and growth rate.

The areaunder the growth curve and the average specific
growth rate are taken to be an index of growth and are
cdculated mathematically.

The B,Lso/EnCsp ("X" h) isthe median effect concentration for
inhibition of growth based on acomparison of areas under the
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Results

Obsarvaions

growth curves after "x" hours. The B,Lso/E,Cso Was caculated
by the moving average method using acomputer program
(Stephan:1977, 1982); the program uses percentage effect and
the nomina loading rates and measured test concentration in test
samples.

The ELso/ECso ("X" - "y" h) isthe median effect |oading
rate/concentration for inhibition of growth based on a
comparison of growth ratesfrom"x" to"y" hours. The

E Lso/E Cso Was caculated by the moving average method using
acomputer program (Stephan: 1977, 1982); the program uses
percentage effect and the nomind loading rate and measured

test concentration in test samples.

The"no observed effect loading rate/concentration”
(NOELR/NOEC) was determined using Dunnett's
multicomparison test to compare the percentage inhibition in the
test group with that for the control cultures (Dunnett:1955,
1964).

The measured concentrations of Pyrolysis C5s ranged between
15 and 32% of their nomina vaues at the start of the test and
between 20 and 38% of nominal after 96 hours. Based on an
aithmetic mean, the overadl mean mesured levels of Pyrolysis
Chswere 1.22, 3.26, 6.47, 7.84 and 30.6 mg/l.

Areaunder the growth curve:

EuLso (72 h) : 58.1 mgyl (95% confidence limits, 53.7 & 62.3
Eﬂ—,)o (96 h) : 56.0 Mg/l (95% conffidence limits, 51.7 & 60.0
rlar.?,lcg)-,o (72h) : 124 mg/l (95% confidencelimits, 11.3 & 13.6
rlégl:io (96 h) : 11.7 mg/l (95% confidencelimits, 108 & 12.8

mg)

No observed effect loading rate (NOELR) : 9.39 mg/l
No observed effect concentration (NOEC): 3.26 mgl/l.

Average specific growth rate (measured concentrations):

ELso (72 h) : 75.6 mg/l (95% corffidence limits, 704 & 81.9
E?l)o (96 h) : 74.4 mg/l (95% confidence limits, 69.6 & 80.0
E%L)o (72 h) : 189 mg/l (95% confidence limits, 16.7 & 21.7
E%L)o (96 h) : 18.4 mg/l (95% confidence limits, 16.4 & 20.8

mg)

No observed effect loading rate (NOELR) : 45.5 mg/l
No observed effect concentration (NOEC) : 7.84 mg/l.

After 96 hours of exposure, the cdls a 100 mg/l (30.6 mgl,
measured) were swollen and/or mis-shapen.
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Conclusions

Data Quality

Reference

After 96 hours of exposureto Pyrolysis C5s, the B,Lso/E,Csp
vaueswere 56.0 and 11.7 mg/l respectively; the ELso/E Cso
vaueswere 74.4 and 18.4 mg/l respectively.

The "no observed effect loading rate/concentration”
(NOELR/NOEC) for area under the growth curve respectively
were 9.39 and 3.26 mg/l. For growth rate, the NOELR/NOEC
respectively were 45.5 and 7.84 mg/l.

(2) Valid without restrictions
Huntingdon Life Sciences Ltd. 2002. Algd growth inhibition

assay. Project ID CSS013. Huntingdon Life SciencesLtd.,
Cambridgeshire, England.
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