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HPV CHEMICAL CATEGORY SUMMARY: C5NON-CYCLICS CATEGORY

EXECUTIVE SUMMARY

The Olefins Pand of the American Chemistry Council (ACC) hereby submits the category
summary report for the C5 Non-cydlics Category under the Environmenta Protection Agency’s
High Production VVolume (HPV) Chemica Chdlenge Program (Program). C5 refersto a5 carbon
(C) hydrocarbon molecule. The purpose of this report isto:

Present results of an assessment that determined 10 production streams can be adequately
characterized toxicologicaly and environmentaly by applying previoudy exigting data for
sdlected stream components and newly developed deta for streamsin the C5 Non-cyclics
Category HPV test program.

Summarize the SIDS (Screening Informeation Data Set) endpoints thet include physicochemica
properties, environmentd fate and effects, and human hedth impacts for the C5 Non-cydlics
Category.

Provide a description of manufacturing processes, potentid exposure sources, and usesfor dl
C5 Nortcyclicsstreams.

The C5 Nontcyclics Category contains 10 process streams.

PyrolyssC5s

Hydrotrested C5s

Pentenes

Piperylene Concentrate

|soprene Concentrate

| soprene-Piperylene Concentrate
Isoprene, High Purity

Isoprene Purification Byproduct
2-Methyl-2-Butene (2V12B)
Metathesi's Byproduct

Formation of this category conggting of 10 production streams was congdered feesible due to the;

gructurd smilarity between chemica condtituents in the streams, and
subgtantia overlap of sream compostions.

The resulting grouping was termed “C5 Non-cydlics Category”. This report summarizes the HPV
Program data and assessments for this category.

The 10 sreamsin the C5 Non-cyclics Category include 8 process streams that are complex
mixtures of primarily C4 to C6 diphatic hydrocarbons ranging from saturated to diolefinic
molecules. The remaining 2 streams are high purity hydrocarbons, isoprene and 2methyl-2-butene.
Chemicd Abdracts Service (CAS) registration numbers (RNS) used to represent the 8 complex
streams (a mixture of chemicas arising from a chemicd reaction or separation activity) may exhibit
redundancies in that more than one CAS RN may correctly represent asingle stream (depending on
itssource), and aCAS RN may be applicable to more than one stream.

Exposure

Themgor "parent” stream for this category is Pyrolysis C5s from which most of the other category
streams are derived. Exposure potentids within the petroleum refinery industry (when the category
streams are used for production of motor gasoling) were not incdluded in this assessment. Specific

use and exposure informeation for the 2M2B stream was not avalable. Specific use information for
the Metathes's Byproduct stream was dso not included because it was not produced in the year data
were collected.
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The category sreams are ether used (further processed) on site or trangported in bulk to other
indudtria Stesfor processing. When transported, the category streams are moved in bulk quantities
by barge, tank car, and tank truck.

The 6.4 hillion pounds per year of category production is consumed as achemicd intermediate in
other chemica manufacturing processes or used to produce gasoline. Thereare no expected direct
consumer uses of the category streams. The mgjor uses of the category streams are asintermediates
to produce other streams in the category (30%), intermediates for the production of hydrocarbon
resins or e asomers (18%), and feedstocks for motor gasoline production (50%).

Category streams are voldile liquids thet have atimaspheric bailing pointsin the range 80°F to

115°F. Inhdation isthe most likely route of potentid exposure, athough dermd contact isdso
possible

Category streams are produced, stored and trangported in closed, pressurized systems and therefore
thereisminima direct worker contact. Potentid for exposure of workers a the olfins process units
where the streams are produced and used occurs because of emisgons from fugitive sources
(equipment lesks) and from other emissions from the closad process. Emissions from these sources
a0 present a potentia for exposure to the environment and to areas bordering production facilities.

Since isoprene is ubiquitous in the environment, the generd population is exposed to trace levels of
this chemicd through inhdation of ambient air. Exposure can dso occur from handling consumer
products or vegetetion that contain this compound and by ingesting foods that contain isoprene.
Ambient levels of isoprene have been reported to range to aleve ashigh as 74 ppb in urban air
down to 0.3 ppb in rurd settings. Exiging deta for amylene (2M2B + other butenes) in ambient ar
indicate leves up to 12 ppb.

Neither the Occupationd Safety and Hedlth Adminisiration (OSHA) nor ACGIH have established
exposure limits for the sreamsiin this category. The American Industria Hygiene association
reports a Workplace Environmental Exposure Leve for isoprene of 2 ppm, 8-hr TWA (time
weighted average). OSHA has adopted PEL s and/or ACGIH has adopted TLV's for some of the
components found in the complex streams, induding 1,3 -butediene, pentane (al isomers),
cyclopentane, cyclopentadiene, 2,2-dimethylbutane, 2 methylpentane, 1-hexene, and benzene.

EPA and individud gates have published a number of environmenta requirements intended to limit
emissons of volatile organic compounds, which include dl of the category sreams.

Human Health

All members of the C5 Non-cyclics Category are expected to have alow order of acute toxicity.
Thisis based upon the fact that the components are hydrocarbons, many of which are saturated and
thus chemicaly unreective. Additionaly, components that are unsaturated such as isoprene and 2
methyt2-butene have been shown to have low orders of acute toxicity in animas by both the oral
and inhdation routes of exposure. 2-Methyl-2-butene was shown to have alow order of acute
toxicity by the dermd route of exposure.

Projections are based upon read-across as wel as knowledge that components are primarily
biologicaly unreective hydrocarbons. All members of the C5 Non-cyclics Category would be
expected, & mog, to be mildly irritating to the skin and eyes. In addition, acute inhdation

exposures to isoprene and 2-methyl-2-butene demongrate high L Csos (low toxicity), and since the
diolefin isopreneislikdy the most toxic of al components within the category, virtudly al other
sreams containing little (typicaly <20%) or no isoprene are reasonably anticipaed to exhibit acute
toxicity below that for pure isoprene. Only the Isoprene Concentrate stresm with up to 80%
isoprene would gpproach the acute toxicity potentid of the pure chemica. Repeated dose studies
have been conducted on two mgor components (isoprene and 2 methyl-2-butene) and two complex
sreams (Pyrolyss C5s and Hydrotreated C5s) from the C5 Non-cyclics Category. It isisoprene that
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has been studied mogt extensvely. The subchronic inhaation toxicity studies demondrate clear
Species differerces between rats and mice in susceptibility to isoprene. In tests conducted in both
rodent species over aperiod of 2 weeks, 13 weeks, and 26 weeks, there were no significant
compound-related toxic effects noted in the rat at inhaation exposures up to 7,000 ppm. In contredt,
mice exhibited increased mortdity, body and organ weight, and various blood and microscopic

organ changes in these sudies. The NOAEL for isopreneis <438 ppm. In compliance with the HPV
testing commitment for this category, 2methyl-2-butene, the Pyrolysis C5s stream, and the
Hydrotrested C5s stream were tested in 28-day inhdaion udiesin rats. The results were as
folows

= 2-Methyl-2-butene- Some generd (blood, irritation, liver enlargement) effects were observed in
thisstudy, but were dight and most apparent in those animals exposed to the highest dose, i.e,
7,000 ppm. The NOAEL in this study was 580 ppm.

= PyrolyssCbsdream - Sight changes were obsarved in the livers while mae rats exhibited
kidney lesons (hyaine droplets) known as ™ light hydrocarbon nephropethy.” Thisfindingisa
mal e rat-gpecific phenomenon and has no relevance for human risk assessment. A NOAEL of
300 ppm was observed in this study.

= Hydrotreated C5s stream - Only mild dinica sgns (Iethargy and sdivation) were observed plus

evidence of "light hydrocarbon nephropathy™, liver, and olfactory changes The NOAEL for this
Sudy was 1,000 ppm.

Results from these studies demondrate isoprene per se exhibits the highest acute and repested dose
toxiaties, and that streams containing lesser amounts (<25%) of this component have reduced
toxicities as exemplified by the higher NOELSNOAELsfor the Pyrolysis C5s and Hydrotrested
CSs dtreams.

The mutagenic potentid of streamsin this category gppears to be very low. Thisis dueto the
finding that none of the substances tested (isoprene, 2 methyt-2-butene, Hydrotreated C5s stream)
were active in the sengitive Ames assay. In addition, athough isoprene and 2-methyl-2-butene were
activeinin vivo mouse assays (Sster chromatid exchange & micronucleus), only 2methyl-2-butene
showed genetic activity (very wesk) in rats. The Hydrotreated C5s siream was inective in thein
Vivo assay, supporting the view thet genetic activity for this category is sporadic, of low potency,
and gppears to be associated primarily with the mouse. Based on these findings, members of this
category are conddered to have negligible to minima mutagenic potentid.

Isoprene is the only stream that has been subjected to a carcinogenicity assessment. Two studies
show clear evidence of carcinogenic potentia of isoprene in mice. Rets, on the other hand,
exhibited no increases in the incidence of mdignant tumors. These expasures were associated with
increases in the rates of benign tumors. Although the carcinogenicity data for this category is
limited, the minima genotoxicities observed for category members aswell as the fact that tumor
findings for the likely mogt toxic stream (isoprene) were restricted to mice, the C5 Non-cyclics
Category must be considered as having negligible to minima human carcinogenic potentid.

Reproductive organs of rats were found to be only margindly affected (testes) in 13- and 26-week
isoprene repeated dose inhdation studies conducted in rats. Mice were shown to be more sengtive
with effects seen in both genders. The NOAEL in rats was 220 ppm, and 70 ppm in mice. The
developmentd toxicity of isoprene was shown to be nil in rats. Mice exhibited both maternd and
developmentd (non-teratogenic) effects. The NOAEL for developmentd toxicity from mouse data
was determined to be <280 ppm.

OECD 422 combined repeated dose and reproduction/devel opmentd rat toxicity sudies on 2-
methyl-2-butene, Pyrolysis C5s stream, and Hydrotrested C5s stream produced no evidence of
reproductive or developmentd toxicity.
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Overdl, the isoprene studies demondrate a clear species difference between rats and mice with
repect to both reproductive and developmenta toxicity with the mouse being the more sendtive,
Based on these findings and the fact that isoprene exhibited the greatest activity, the C5 Non-cyclics
Category streams with low isoprene contents are considered as having minima potentid to produce
reproductive and developmenta effects.

This human hedth assessment for the C5 Noncycdlics Category has been based upon data that
include consderable attention towards the most active component (isoprene) of the sreams. This
mogt active status was assigned based upon the fact that it isa diolefin, it isknown to result in a
metabolite thet is highly mutagenic (a.digpoxide), and thet exhibits higher toxicity than other
category member streams, particularly in the mouse. As the mixed streams Pyrolysis C5s and
Hydrotrested C5s (with lesser amounts of isoprene but greater levels of other category components,
monoolefins and saturates) were dso tested, it is highly likely thet the toxidities and environmental
effects for the category are encompassed within the reported database and assessment.

Environment

Results of digribution modding show thet streems in the C5 Non-cydlics Category will partition
primarily to the air compartment, with a negligible amount partitioning to weter. Although
condtituents have a moderate degree of water solubility, wet deposition of category condituentsis
not likdy to play a sgnificant role in their amospheric fate because they rgpidly photodegrade.
Volatilisation to the air will contribute to the rgpid loss of category condituents from agueous and
terredtrid habitats. In the air, these congtituentshave the potentid to rgpidly degrade through
indirect photolytic processes mediated primarily by hydroxyl radicas with calculated degradation
hdf-livesthat can rangefrom 1.2 to 31.8 hours. Aqueous photolyss and hydrolysiswill not
contribute to the transformation of category condtituents in aguetic environments because they are
ather poorly or not susceptible to these reactions.

Streams and pure chemicasin this category are subject to biodegradetive processes. Overdl, the
streams from this category are expected to degrade rgpidly in the environment from a combination
of physca and biologica processes and not persdt.

Aquatic toxicity data exist for two different complex streams and two pure substancesin this
category. The two complex greams combined contain condtituents shared by the remainder of the
sreams within this category, and therefore judtifies their use to characterize the potentid effects of
the untested streams. This application of read-across datais further supported by data for two pure
substances (dso condituents of most of the streams in this category), which demondtrated effect
vaues within or very smilar to the range of vaues for the complex substances.

The aguatic toxicity data suggest thet the streams in thiscategory will exhibit a moderate order of

toxicity. The effect vduesfdl within ardatively narrow range for each of the speciestested. Acute
toxicity vaues for afish and invertebrate range from 3.0 to 8.4 mg/L, while the toxicity vaues for
an dgarange from 10.1 to 184 mg/L, with NOEC vaues ranging from 1.7 to 13.1.

Most notably, because category condituents possess limited potentia to accumulate in agueous
media, the toxicity of category streams towards aguatic speciesis consdered aminimd risk factor
in the overd| safety assessment of this category.

Conclusion

The extengve body of data avalable for mammdian and environmenta endpoints on category
streams and representative condtituents of substancesin this category, are sufficient to fully
characterize the potentiad toxicity of category members and demondrate the integrity of the
category, itsdf.
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OLEFINS PANEL of the AMERICAN CHEMISTRY COUNCIL
MEMBER COMPANIES

ATOFINA Petrochemicds, Inc*
BP Amoco, p.l.c.
Chevron Phillips Chemicd Compeany LP
The Dow Chemica Company
E. I. du Pont de Nemours and Company*
Eagtman Chemicad Company*
Equigar Chemicds, LP
BExxonMobil Chemicd Company
Hint Hills Resources*
Formosa Plagtics Corporation, U.SA *
The Goodyear Tire & Rubber Company
Hurtsman Corpordion
NOVA Chemicds Inc.
Noveon, Inc*
Sasol North America, Inc.*
Shdl Chemicd LP
Sunoco, Inc*
Texas Petrochemicas LP*
Westlake Chemicd Corporation*
Williams Olefins, LLC*

* Companiesthat are part of the Olefins Pand, but do not produce
productsin the C5 Non-cyclics Category.
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1 CATEGORY DESCRIPTION AND JUSTIFICATION

11 Category | dentification

For purposes of the US High Production VVolume (HPV) Chemica Chdlenge Program (Program),
the C5 Non-cydlics Category test plan submitted in September 2001 (Olefins Pand, HPV
Implementation Task Group, 2001) included 10 production streams and 16 Chemica Abdtracts
Sarvice (CAS) regidration numbers (RNs) (Table 1). C5 refersto a5 carbon (C) hydrocarbon
molecule. The test plan identified existing data and data needed, based on an extensivetechnica
review of the category, to adequately characterize the 10 streams for the HPV Program endpoints.

Tablel. Production Streams, CASRNs®, and CAS RN Namesin the C5 Non-cyclics
Category

Production Streams CASRN CASRN Name

68476-55-1 Hydrocarbons, C5-rich

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

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

68603-00-9 Didtillates, petroleum, thermal cracked naphtha and gas ail
68956-55-8 Hydrocarbons, C5-unsatd.

Didillates, petroleum, benzene unit hydrotreater

2
68602-739° | pentanizer overheads
Hydrotreated C5s 68410-97-9 :Distiggtl_&s petroleum, light ditillate hydrotresting process,
ow-boiling

68603-00-9 Didtillates, petroleum, thermal cracked naphtha and gas ail

68476-55-1 Hydrocarbons, C5-rich

Pertenes 68527-11-7 | Alkenes C5

68603-03-2 gltsrtgrl:t a:t\i petroleum, therma cracked naphtha and gas ail,
Fiperylene Conoentrate 68477-35-0 Didillates, petroleum, C3-6, piperylenerich

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

68514-39-6 Naphtha, petroleum, light steam-cracked, isoprene-rich
Isoprene Concentrate 68476-43-7 Hydrocarbons, C4-6, C5-rich

78795 1,3-Butediene, 2methyk
I soprene-Piperylene 68514-39-6 Naphtha, petroleum, light steam-cracked, isoprene-rich
Concentrate 68476-55-1 | Hydrocarbons, C5-rich
Isoprene, High Purity 78795 1,3-Butadiene, 2-methyk
|soprene Purification 68606-36-0 Hydrocarbons, C5-unsatd. rich, isoprene purifn. by-product
Byproduct 68476551 | Hydrocarbons, C5-rich
2-Methyl-2-Butene 513-35-9 2-Butene, 2methyl-
Metathesis Byproduct 68606-29-1 Hydrocarbons, C4 and C8, butene concentrator by-product

1 The CAS numbers associated with corresponding production streams are shown in the table above. The definitions
found in the TSCA Chemica Substance Inventory for the CAS RNsin this category can be vague with respect to
composition. Therefore, it is not uncommon to find that one CAS RN is correctly used to describe different streams
(different compositions) or that two or more CAS RNs are used to describe one stream (similar composition). The

1
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Olefins Industry or others may use these same CAS RNs to represent substances that may, in various degrees, be
dissmilar to the category streams. CAS RN, other than those shown in thistable, may be used to describe these
streams in future reporting.

2 ThisCASRN wasnot included in the original list of CAS RNs sponsored in this category. It has been added to this
category summary report becauseit isan additional CAS RN that is sometimes used to represent the indicated
process stream.

After dl datawere evauated, it was determined that the 10 streams could be considered a category.
The following category report summarizes HPV Program data for this C5 Non-cyclics Categpory.
The 10 sreams in the C5 Non-cyclics Category include 8 process streams that are complex
mixtures and 2 streams that contain relatively high purity hydrocarbons; al streams are composed
predominantly of C5 hydrocarbons. These streams contain significant leves of olefins. Thetypicd
compositions of the sreams in this category are shown in Table 2.
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Table2. Typical Stream Composition by Component (% weight) for the C5 Non-cyclics

Category
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Component (% weight)
1-Butene 2
2Butene 0-1 1-20 3
(isomer mix)
1,3-Butadiene 0-3 0-1
1,2-Butadiene 12
2-Butyne
(dimethyt 0-2 1-2
acetylene)
Isoprene
(2-methyk1,3- | 9-25 2 24 | 0-6 |14-8| 20 |99.7| 1-12
butadiene)
1,4-Pentadiene | 1-6 1 0-4 3 1-10
L3-Pentadiene | o o3 | 5 3-60| 1-15 | 14
(isomer mix)
3Methyt1,2- 35
Butadiene )
1,3-Cydo-
pentadiene 2-23 5 1-4 | 0-15 2 0-1
(CPD)
Dicyclopenta: ) }
diene (DCPD) 1-19 0-1 0.4
Cyclopentene | 1-11 | 15-20 8-20 | 0-10
Cyclopentane 0-2 2 1-5 | 8-15 1
| sopentene 15-20
I-Pentene 3-12 137 0-10| 6 3-11 3
(amylene)
2-Pentene
ZMetvt2 1 15| 11 | 4 |5-15| 0-9| 3 93
utene
2-Methyk1-
Butene 1-8 175 1-16 6 6.7
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Table2. Continued

Piperylene Concentrate
I soprene Concentrate

| soprene- Piperylene
Concentrate

| soprene Purification

M etathesis Byproduct

Byproduct
2-Methyl-2-Butene

PyrolysisC5s
Hydrotreated C5s

Pentenes
| soprene

Component (% weight)

3Methyl-1-
Butene 0-12 0-1 1
(iscamylene)
Pentane 4-30|15-20| 31.7 | 0-5 | 0-26 16 0-10

Methyl Butenes 3-21

| sopentane (2-
methylbutane)
n-Pentene 10-15
3Methyt 1,4-
Pentadiene
3Methyl1-
Pentene
Methylpentenes 5
C6 Hydro
carbons
1-Hexene 0-3 4
2-Hexene 15
3Hexene 8

Hexenes 1 2
Methyt2-
Pertenes 24
2,2-Dimethyl-
butane 0-1 2.7
(nechexane)
2-Methyt
pentane
Methylpentanes 16

Hexane 1 33
Benzene 0-1 1 0.2
Dimers of CPD
with other C4
and C5 Dienes, 0-2
excluding
DCPD

3-29(15-25| 123 21 16 50-70

17
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Notel: Thehbalance of these streamsi's expected to be other hydrocarbons that have boiling pointsin the range of the
listed components.

Note2: Thelisted ranges should not be considered absolute values. They are instead the approximate highs and lows
of the reported vaues, and are expected to be typicd limit values.

Note3: Thedefinitions, found in the TSCA Chemica Substance Inventory, for the CAS RNsincluded in this group
arevery generd and vague with respect to composition. It is not uncommon to find that the same CAS
number is used to describe multiple streams or that two or more CAS numbers are used to describe asingle
stream. Multiple CAS RNs applying to the same streams arose as various companies supplied somewhat
different compoditional information when they registered Smilar substances.

The TSCA Chemica Substance Inventory definitions for the CAS RNsin thisand in other
categories from the Olefins Pand's HPV Program can be very generd and vague with respect to
composition. Conseguently, the data matrix for this category was developed based on 10
composgitiondly differentiated process streams, rather than on the CAS RNsiin this category.

The C5 Nontcyclics Category streams arise from production processes associated with ethylene
manufacturing (see Appendix | for adescription of the ethylene and associated processes). The C5
Nortcydlics Category was developed by grouping ethylene manufacturing streams thet exhibit
commondlities from both manufacturing process and compositiona perspectives. Briefly,
descriptions of the 10 process streams are:

1. PyrolyssC5s (or C5 fraction) stream conssts of a hydrocarbon didlillate fraction separated
from pyrolyss gasoline (the C5+ portion of the cracked gas in the ethylene process). The carbon
number of the condtituents from this stream is predominantly C5, but the stream dso typicaly
contains relatively low levels of the higher boiling C4 substances (eg. 1,3-butadiene) aswell as
low levels of the more volatile C6 hydrocarbons. Benzene content is typically 0.25% and
present in the didtillate largely due to azeotropes of benzene with other hydrocarbon speciesin
the complex mixture. The 1,3-butadiene content istypicaly 1%. The stream contains Sgnificant
levels of olefins, didlefins and cydics

2. Hydrotrested C5s stream resuts from the hydrogenation of Pyrolyss C5s stream over catdyd.
Typicaly the stream thet is charged to the hydrogenation reector is abroader boiling range
gream than the C5 fraction. For example, afull range pyrolyss gasoline may be hydrotresied
and the resulting product then fractionated to produce the Hydrotreated C5s as a didtillate
fraction. The hydrogenation process may be ether a one-stage or two-stage process. The one-
dage process is typicaly aliquid-phase process where the primary objectiveisto sdectivey
convert diolefins to monoolefins. The two-stage process is typicaly a vapor -phase, more severe
hydrogenation that converts monoolefins to paraffins. Typicdly, Hydrotrested C5s are subject
only to one-stage hydrogenation because the roduct is intended for use in gasoline where the
monoolefins are desred components. Similar to Pyrolysis C5s, Hydrotreated C5s have a carbon
number distribution thet is predominantly C5, and contain low levels of the higher bailing C4
substances as well aslow levels of the more volatile C6 hydrocarbons. Benzene content is
typicaly 1%. Unlike pyrolysis C5s, the diolefin content in the Hydrotrested C5s stream is very
low.

3. Pentenes stream results from the Pyrolysis Cbs stream, which istypicdly fractioneted into
concentrates of the reactive diolefins: isoprene, piperylene (1,3-pentadiene), and
cyclopentadiene (as dimer). Asafirg sep in producing these concentrates, the lighter boiling
fraction of the dream, i.e,, the compounds that are more voldile than isoprene, are sometimes
removed as adidillae. Thisdidtillate is designated as Pentenes or the Pentenes Cut. The
Pentenes stream has a carbon number digtribution that is predominantly C5, conggting in part of
iso-pentane and n-pentane, and the more volatile pentenes such as 1-pentene, with about 1 to
3% isoprene. This dream can aso contain the C4 compounds thet are present in the Pyrolysis
C5s gream a comparable concentrations, induding 1,3-butadiene, dthough the datain Table 2
does not indicate that they are present. Alternately, Pentenes can be removed later in processing,
for example by didtillation of the Isoprene Concentrate.

5
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4. Piperylene Concentrate (cis- and trans-1,3-pentadiene) stream is produced from Pyrolysis C5s
by firgt "heat soaking" the stream in order to dimerize 1,3-cyclopentadiene (CPD). Thisis
necessary because the boiling point of CPD iswithin 2.5 °F of that of trans-1,3 pentadiene. The
heat 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 remova of the
DCPD Concentrate, whet is left of the Pyrolyss Cbs can be charged to adidtillaion column (the
isoprene-piperylene Solitter) to yidd Fiperylene Concentrate as a bottoms product. The carbon
number for Piperylene Concentrate condtituents is predominantly C5. A typicd Piperylene
Concentrate stream composition includes 60% piperylenes, 10% 2methyl-2-butene, and about
0.2% benzene.

5. 1soprene Concentrate streamis aso derived from the isoprene-piperylene splitter (as described
for the Piperylene Concentrate stream) as adistillate. The carbon number for Isoprene
Concentrate condituentsis predominantly C5. A typicd |soprene Concentrate stream contains
40% isoprene with the balance largdy iso- and n-pentane and C5 monolefins. 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 the lower boiling
pentene and pentane components in the 1soprene Concentrate.

6. |soprene-Piperylene Concentrate stream, the intermediate process stream charged to the
isoprene-piperylene splitter (as described for the Piperylene Concentrete stream), is sometimes
isolated as a product. This siream typicaly contains about 20% isoprene and 14% piperylenes.

7. |1soprene, High Purity stream (98+% isoprene) is produced by separation from |soprene
Concentrate stream. Thisis accomplished using an extractive didtillation process.

8. Isoprene Purification Byproduct stream is produced from the Isoprene purification process. The
carbon number of the stream’s condtituents is predominantly C5 and the compaosition islargely
iso- and npentane, plus lesser amounts of pentenes and about 5% isoprene. The byproduct
stream may aso contain 1,3-butadiene at gpproximately 0.5%.

9. 2-Methyl2-Butene stream is sometimes separated from amixed C5 stream by first converting
to an intermediate, then separating the intermediate from the mix by didtillation, and then
cracking the intermediate back to yield product 2methyl-2-butene.

10. Metathesis Byproduct stream is derived from a Metathesis process which converts ethylene
and/or butenes into propylene. This process produces a byproduct referred to as Metathesis
Byproduct, which is removed from the propylene. The Metathesis Byproduct Sreamisa
gasoline sream conggting primarily of C5 and C6 dlefins

12 Purity/Impurities/Additives

Antioxidants or polymerization inhibitors such as BHT (butylhydroxytoluene) (CAS RN 128-37-0)
or TBC (tert-butylcatechol) (CAS RN 98-29-3) are typically added to category streamsthat contain
ggnificant concentrations of dienes, which indude Pyrolysis C5s, Isoprene Concentrate, Piperylene
Concentrate, I soprene-Fiperyle ne Concentrate, and High Purity Isoprene. Typica target
concentrations for these additives range from 10 to 50 ppm.

13 Physico-Chemical Properties

The 10 streamsiin this category include 8 that are complex, containing many different hydrocarbons
(Table 2) that can vary in compaosition not only between manufacturers but dso for an individud
manufacturer, depending on feedstock type and operating conditions. The 9 condtituents listed in
Tables 3 and 4 comprise Sgnificant proportions of these complex streams, and thus were sdected as
posing the greatest influence on the physicochemical (PC) properties of these streams. Therefore,
the data for these condtituents in conjunction with measured deta for 2 streams, Pyrolysis C5s and

6
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Hydrotreated C5s, (Table 5) can be used to adequately characterize the five PC endpoints of
substancesin this category for the HPV Program. The 2 relatively pure streams, Isoprene
Concentrate and 2Methyl-2-Butene, are represented by the properties listed for isoprene and 2-
methy}2-butene, respectively.

Table3. Summary of Calculated Physico-Chemical Propertiesfor Selected Chemicals
Contained by Streamsin the C5 Non-cyclics Category

Mélting Boailing Vapor Lo Water
Chemical Point Point Pressure . 9 Solubility

(°C) (°C) (hPa@ 25°C) ow (mg/L)
CisButene-2 -1204 2782 231E3 2.09 652.7
Cis-Pentene-2 -107.1 5397 6.76 E2 258 245.1
SMethyk1- 1205 2820 120E3 259 227
Butene
14-Pentadiene -109.8 212 979 E2 252 2782
| sopentane -1190 3018 917 E2 272 184.6
|soprene -1189 495 7B E2 258 247.2
n-Pentane -1069 46,01 684 E2 2.80 159.7
ZMethyt-2- -1162 4692 624 E2 2.64 2187
Butene
Cydopentene -932 65.86 5.06 E2 247 3072

Cadculated vaues derived by the EPIWIN program (EPIWIN, 1999

Table4. Summary of Measured Physico-Chemical Propertiesfor Selected Chemicals
Contained by Streamsin the C5 Non-cyclics Category

Mélting Bailing Vapor Lo Water
Chemical Point Point Pressure P 9 Solubility
°C) (°C) (hPa @ 25°C) o (mg/L)
Cis-Butene-2 -1055 0.8 233 E3 231 4235
Cis-Pentene-2 -140.2 36.3 6.75 E2 Na Na
SMethyk1- 1685 201 120E3 Na Na
Butene
1A-Pentadiene -148.8 26.0 997 E2 248 300.9
| sopentane -1599 27.8 919E2 Na Na
|soprene -1459 A0 7B E2 242 3386
n-Pentane -129.7 36.0 6.85 E2 239 49.8
ZMethyk2- 1337 385 624 E2 267 206.1
Butene
Cydopentene -1351 44.2 5.06 E2 Na Na
Na not available

Messured values from the EPIWIN experimentd database (EPIWIN, 1999)
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Table5. Measured Physico-Chemical Propertiesfor the Pyrolysis C5sand Hydrotreated C5s
Streamsin the C5 Non-cyclics Category

S Boiling Range Vapor Pressure L og P,y Range
ream (°C) (hPa @ 25°C) (@ 21°C)
PyrolyssC5s "
(HLS, 20028) 2501t056.5 58 E2 31910325
Hydrotreated C5s
(HLS, 20020) 23510520 823 E2 264 to 4.21**
HLS Huntingdon Life SciencesLtd.
*  @210°C
** @215°C

Thefollowing sections identify the vaues used to define the five PC endpoints of the 8 complex
streams in this category based on the datalisted in Tables 3 and 4. The physicochemicd endpoints
for the two high purity streams can be characterized by the data specificaly for that chemicd (i.e,
the 1soprene, High Purity stream is characterized by the isoprene cita). The measured data are
congdered the gppropriate primary data st to characterize the melting point range of the high
purity streams.

1.3.1 Mdting Point (Range)

Based on cdculated congtituent vaues, the streamsiin this category can have ameting point range
of -120.5to0 -93.2°C. Based on measured condituent vaues, the streamsin this category can have a
melting point range of -168.5to -105.5°C. The cdculatied data compare rdatively well with the
measured data. The measured data are consdered the appropriate primary data set to characterize
the melting point range of the complex category members.

1.3.2 Bailing Point (Range)

Basad on caculated congtituent values, the Streamsin this category can have aboiling point range
of 27.82 to 65.86°C. Based on measured condtituent vaues, the sreamsin this category can have a
bailing point range of 0.8 to 44.2°C. The caculaed data compare rdatively well with the measured
data. The measured data are consistent with process knowledge, and thus are consdered the
gopropriate primary data set to characterize the boiling point range of the complex category
members.

1.3.3 Vapor Pressure(Range)

Based on calculated congtituent values, the streams in this category can have avapor pressure range
of 506 E2to 2.31 E3 hPaat 25°C. Basad on measured condtituent vaues, the sreamsin this
category can have avapor pressure range of 5.06 E2 to 2.33 E3 hPa at 25°C. The cdculated data
compare favorably with the measured data. The measured data are congstent with process
knowledge, and thus are consdered the appropriate primary data set to characterize the vpor
pressure range of the complex category members.

1.3.4 Octanol-Water Partition Coefficient (L og Pow, Range)

Basad on cd culated congtituent values, the dreamsin this category can have alog Py, range of 2.09
to 2.80. Based on measured condtituent vaues, the streamsin this category can have alog Pow range
of 2.31 to 2.67. The cdculated data compare favorably with the measured data. The measured data
are conddered the gppropriate primary data set to characterize the log R, range of the complex
category members.
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1.3.5 Water Solubility (Range)

Based on cdculated congtituent vaues, the streamsiin this category can have awater solubility
range of 159.7to 652.7 mg/L.. Based on measured condtituent vaues, the Streamsiin this category
can have awater solubility range of 49.8 to 423.5 mg/L. The cdculated data compare rdeively

well with the measured data. The measured data are considered the gppropriate primary data st to
characterize the water solubility range of the complex category members.

14  Category Justification

The C5 Nontcydlics Category was devel oped by grouping select ethylene manufacturing sireams
that exhibit commonality from manufacturing process and compositiond perspectives. The
manufacturing relatedness of the category streamsis described in Appendix |. Compodtiondly,
category streams are composed largely of C5 hydrocarbons, which are predominantly olefins (Table
2), but some can dso contain significant proportions of saturated C5s. Each of the streams contain a
number of the same condtituents a varying levels, with pentadienes, pentenes, and pentanes asthe
predominant congtituents. Sdlected members were included in this category because they were dso
expected to exhibit smilar biologica effects because of ther largdy comparable compositions.

The drategy to demondirate that the members of this category could be considered together in order

to assess their human and environmerta hedlth hazards and fate for purposes of the HPV Program
was to develop and/or evaluate existing datafor:

two complex category streams, Pyrolysis C5s and Hydrotreated C5s, which between them
contain arange of chemicad condtituents largdy found in the remaining complex seams and
from which most of the other streams are derived (except metathes's product), and

two pure substances, isoprene (CAS RN 78-79-5) and 2-methyl-2-butene (2M2B) (CASRN
13-35-9), which can dso be found as components in most comgex streams in this category.

Additiondly, it was planned to use the data for the two pure substances to characterize the two high
purity streams, Isoprene, High Purity (>99% isoprene) and 2-M ethyl-2-Butene (gpproximately 93%
2M2B), the latter contains asmal concentration of 2-methyl-1-butene, which is expected to exhibit
effects and behave smilar to 2M2B.

After evauating the human and environmenta hedlth effects and fate data for the complex and pure
substances, it was determined that the results fa dl endpoints other than biodegradeation were
sufficiently smilar to consider the substances described in Table 1 a category. Similar results were
obtained from the two tested complex streams. The differences in composition between these two
streams did not result in widdy differing or conflicting results. Consequently, data from the two
tested complex streams provided needed information to conduct “readtacross’ to the untested
complex streams. Data from the two pure substances to will be used to characterize the two high
purity streams as well as add to the weight of evidence for the category.

Although the biodegradability of the tested substances varied, select substances tested demondrated
alag phase before degrading, suggesting that other substancesin this category would exhibit smilar
activity. The remaining environmenta fate endpoints will be smilar across the category because the
physicochemicd properties for the chemica condtituents are Smilar.

2 EXPOSURE AND USE

The C5 Nontcyclics Category contains 16 CAS RNs (Table 1) that are associated with the
following 10 process sreams.

PyrolyssC5s
Hydrotreated C5s
Pentenes
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Piperylene Concentrate

Isoprene Concentrate

| soprene-Piperylene Concentrate
|soprene, Hioh Purity

Isoprene Purification Byproduct
2-Methyl-2-Butene

Metathes's Byproduct

These streams are manufactured in ethylene production units (see Appendix 1) and account for
100% of annua C5 Nortcydics production in the US,

The fallowing discussion on the use of and potentid exposures to dreamsin the C5 Non-cyclics
Category covers 10 Olefins Industry commercid hydrocarbon streams that have a carbon number
that is predominantly C5L. The category streams include two high purity products, isoprene and 2-
methyl-2-butene, and 8 streams that are complex with variable compositions. Category sreams are
isolated intermediates that are stored in controlled on-gte fadilities, or isolated intermediates with
controlled transport to alimited number of locations within the same company or to second parties
that use the chemicd as an intermediate under controlled conditions with long-established
technology. The mgor applications for the category sreamsare as.

intermediates to produce other streams in the category,
intermediates to produce hydrocarbon resins or dastomers, and
feadstocks for motor gasoline production.

The Pyrolysis C5s stream, which is derived from pyrolysis gasoline produced by the ethylene
production process (see Appendix 1), is the main source stream for members of this category. The
stream identified as Metathesis Byproduct is an exception, and is derived from a process that
converts ethylene or butenesto propylene.

There are 16 CAS numbers (Table 1) that are used by the Olefins Industry to represent the 10
category streams (Teble 1). Digtribution of the 6.4 billion? Ibslyr of category production among the
category sreamsis shown in Figure 1. This assessment does not address potentia exposures within
the Petroleum Industry arising from the use of the category streams. When transferred to the
Petroleum Industry, the volume of these streams represent only asmall portion of Smilar sreams
managed by the Petroleum Indusiry.

1 Asproduced, category streams contain predominantly C5s, however cyclopentadiene (a component of some of the
streams) dimerizes at ambient storage condiitions. Therefore, streams containing this monomer can be expected to aso
oontain the dimer dicyclopentadiene.

264 nillion Ibslyr isthe total commercid production of C5 Non-cyclics Category streams reported by participantsin
this category, based on their 1998 TSCA IUR. Additional amounts of these streams may be produced by t he Industry
but not isolated.
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Figure 1. C5 Non-cyclics Category Production by Stream

Piperylene Pyrolysis C5s &
Concentrat Other I soprene-
5% Piperylene
Concentrate
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| soprene
Purification
I soprene &
Byproduct & | soprene
Hydro- Concentrate
treated C5s 26%
34% °

This screening level exposure assessment is based on information provided by Six of the seven
sponsors of this category, and from other avallable information.

Storage and Transportation of Caegory Streams

Category streams are either used on-site where they are produced, or shipped to other indugtrid
gtesfor additiona processing. When shipped between indudtria Sites, category Sreams are
trangported as liquids in closed systems by barge, tank car (rail), and tank truck (highway).

Uses

Available data on the use of the category streams are shown in Figure 2. Figure 2 does not include
the 2Methyl-2-Butene stream because specific use information was not available a the time of this
assessment. One potentia use of this stream is as areactant in the production of hydrocarbon resins.
Addtiondly, Figure 2 does not include specific data for the Metathesis Byproduct stream. That
stream was not produced in the year that the use data was collected. Previous use of this stream was
reported to be as afud. There are no expected direct consumer uses of the category streams.
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Figure2. Usesof the C5 Noncyclics Category Streams

Elastomer
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Routes of Potentid Human Exposure

Category sreams are voldile liquids that have amospheric bailing pointsin arange of
goproximately 26.7°C (80°F) t0 46.1°C (115°F). Inhdation isthe mogt likely route of potentid
exposure. Exposure by dermd contact is dso possible.

Sources of Potentid Exposure

For workersin Olefins plants where streams in this category are manufactured and used, exposure
is limited because the processes use closed systems. For industrid workers at these facilities, the
mogt likely exposure potentia occurs through inhdation of low-level concentrationsin air of
fugitive vapors, such as emissonsfrom vaves and pump seds, or during operations such as
sampling, connecting and disconnecting bulk trangportation vessds (tank cars and pressure barges),
or during infrequent opening of equipment for maintenance.

These fugitive emissions and other emission sources dso result in the potentia for low-leved
ambient air concentrations of the HPV sreams a locations neighboring the indudtrid facilities.
Since isoprene is ubiquitous in the environment, the generd population is exposed to isoprene
through inhdation of ambient air, by handling consumer products or vegetation thet contain or emit
this compound, and by ingesting foods that contain isoprene. Recent studies suggest that oak trees
arethe principa naturd emitters of isoprene to the atmosphere. Isoprene generation exists
extensvely in nature and is found in association with terpenes, camphors, diterpenes, vitamins A
and K, chlorophyl, and other compounds isolated from animd and plant materids (HSDB, 2003).

Contrals Limiting Exposure

Neither OSHA (Occupationa Safety and Hedlth Administration) nor ACGIH have established
exposure limitsfor the streamsin the Category.

3 Formerly known as the American Conference of Governmenta Industrial Hygienists, now referred to only by the
acronym.
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The American Indudtrid Hygiene Association reports a Workplace Environmental Exposure Leve
(WEEL) for isoprene of 2 ppm, 8hr TWA (time-weighted average) (HSDB, 2003).

OSHA has adopted PEL s (Permissible Exposure Limits) and ACGIH has adopted TLV's (Threshold
Limit Vaues) for some of the components found the complex streams, as shown in Table 6.

Table6. Components present in some streamsin the C5 Non-cyclics Category that have
OSHA PELsor ACGIH TLVs

OSHA ACGIH OSHA ACGIH
Component PEL TLV Component PEL TLV
(PPm) (ppm) (ppm) (ppm)
Cydopentediene 75 75 Pentane |somers 1,000 600
Cydopentane - 600 Dicyclopentadiene - 5

In addition to minimizing smog-creetion due to hydrocarbon releases to ambient air, the release of
the category streams from processing, storage, and trangportation equipment a industrid facilities
is avoided because these sreams are highly flammable liquids.

Both the US (United States) EPA (Environmenta Protection Agency) and Sate agencies enforce a
wide range of voldile organic compound and hazardous ar pollutant environmenta regulaions thet
control these emissons. The category streams contain volatile organic compounds (VOCs), and are
therefore subject to US EPA and dtate environmenta regulaions that limit VOC emissions The
EPA new source performance standards, 40 CFR Part 60, may be applicable and limit emissions of
VOCsa new or modified olefins processunits where the sreamsiin the category are produced and
used. Subpart VV of 40 CFR Part 60 limits emission from equipment lesks, Subpart NNN limits
emissons from didtillation operations, and subpart RRR limits emissons from reactor sysems.
Fadilities that produce and use the category streams are typically subject to state operating permits
and date regulations thet further limit VOC emissons.

|soprene is designated as a hazardous substance under section 311(b)(2)(A) of the Federd Water
Pollution Control Act, and is further regulated by the Clean Water Act Amendments of 1977 and
1978. These regulaions gpply to discharges of this substance. This designation includes any
isomers and hydrates, aswell as any solutions and mixtures containing this substance (HSDB,
2003).

Ambient Air Concentration Data (HSDB, 2003)

|soprene was detected in five ar samples collected in Houston, TX on April 2, 1974, at
concentrations ranging from 5.2 to 74.3 ppb. Isoprene was detected at concentrations of 1.2 and 1.0
ppbintwo air samples collected in Tulsa, OK suburbs and aso detected & a concentration of 0.3
ppb in ar ssamples collected in rurd and downtown Tulsa, OK on July 27, 1978. 1soprene was
detected a a mean concentration of 1.1 ug/nT (0.4 ppb) around the Los Angeles, CA areaduring a
smog event on September 8 to 9, 1993. Amylene# was detected at concentrations ranging from 3.7
to 11.5 ppb in ambient air samples collected around the Tulsa, OK area.on July 27, 1978. Amylene
was a0 detected in ar samples collected from Rio Blanco County, CO & concentrations ranging
from 0.9 to 3.0 ppb on July 24, 1978 and in ar samples taken from the Smokey Mountains ranging
from 0.1 to 3.7 ppb from September 25 to 26, 1978.

4Theterm “Amylene’ as used in this reference appears to apply to 2-methy-2-butene, or to complex mixtures of 2
methyl-2-butene with other butenes.
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Ambient air concentrations (1994 through 1997) are available for isoprene and 2-methyl-2-butene
for various indudtria Stesin Texas (TNRCC, 2003). Average concentrations for these two
substances cdculated from those data are shown in Table 7. The category streams account for only
aportion of the measured concentrations, because these components are aso emitted from other

SoUrces.
Table7. Ambient Air Monitoring Data At Various Texas Indugrial Sites (1994 through
1997)
Aver age of Range of Average of Range of Annual
Hvdr ocarbon Annual Mean Annual Mean Annual 24-hr 24-hr High
y Values Values High Values Values
(Ppb) (ppb) (ppb) (Ppb)

|soprene 0.13 <0.01- 0.67 0.81 <0.01- 1016

2-Methyl-2-

Butene 0.27 <001-1.17 1.80 007 —27.08

Edimates of Potentidly Exposed Workers (HSDB, 2003)

NIOSH (Nationd Ingtitute for Occupationd Safety and Hedlth) (NOES Survey 1981 to 1983) has
datidicaly estimated that 3,654 workers (578 of these are femade) are potentialy exposed to
isoprene in the US. NIOSH (NOES Survey 1981 to 83) has datidticaly esimated that 67 workers
are potentidly exposad to 1,3-pentadiene in the US (1,3-pentadiene or piperylene isacomponent in
some of the category streams). However, anumber of limitations to this survey have been identified
over the years, and the estimates of the number of workers potentidly exposed to various

substances are generdly thought to be high.
Category Emissons

Emissons of the individua streamsin this category or emissions of stream components are not
included in the EPA Toxics Release Inventory (TRIP. Thisinventory was established under the
Emergency Planning and Community Right-to-Know Act of 1986 (EPCRA) and expanded by the
Pollution Prevention Act of 1990.

Summary of Exposure Assessment

TheHPV C5 Non-cydics Category conssts of two high purity streams, Isoprene High Purity and 2-
Methyl-2-Butene, and 8 complex C5 sreams. The mgior "parent” stream in the category is
Pyrolysis C5s, from which mogt other category streams are derived. Exposure potentids within the
petroleun refinery industry (when the category streams are used for production of motor gasoline)
were not included in this assessment. Specific use and exposure information for the 2-Methyl-2-
Butene stream was not included in this assessment because that information was not available.
Specific useinformetion for the Metathes's Byproduct stream was aso not included because it was
not produced in the year that data were collected.

The category streams are ether used (further processed) on site or trangported in bulk to other
indugtrial Sites for processing. When transported, the category streams are moved in bulk quantities
by barge, tank car, and tank truck.

The 6.4 hillion pounds per year of category production is consumed as achemicd intermediate in
other chemica manufacturing processes or used to produce gasoline. There are no expected direct
consumer uses of the category streams. The mgjor uses of the category streams are asintermediates

5The EPA websitefor TRI is: http://www.epa.govi/tri/ .
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to produce other streams in the category (30%), intermediates for the production of hydracarbon
resns or eastomers (18%), and feedstocks for motor gasoline production (50%).

Category streams are volatile liquids that have amospheric boiling pointsin the range 80°F to

115°F. Inhdation is the most likely route of potential exposure. Exposure by dermal contact isalso
possible

Category streams are produced, stored and transported in closed, pressurized systems and therefore
there isminima direct worker contact with the streams. Potentid for exposure of workers at the
olefins process unitswhere the category streams are produced and used occurs because of emissons
from fugitive sources (equipment leeks) and from other emissions from the closed process.
Emissions from these sources aso present a potentid for expasure to the environment ard to areas
bordering production facilities.

Since isoprene is ubiquitous in the environment, the generd population is exposed to trace leves of
this chemicd through inhdation of ambient air. Exposure can dso occur from handling consumer
products or vegetation that contain this compound and by ingesting foods that contain isoprene.
Recent studies suggest that oak trees are the principa naturd emitters of isoprene to the
atmosphere. Isoprene linkages exist extensvely in nature found in terpenes, canphors, diterpenes,
vitamins A and K, chlorophyl, and other compoundsisolated from animd and plant maerids
Trace levels of isoprene are dso exhded in mammadian (including human) bresth.

Neither OSHA nor ACGIH have established exposure limits for the streamsin this category. The
American Industrid Hygiene Associaion reports a WEEL for isoprene of 2 ppm, 8hr TWA. OSHA
has adopted PEL s and/or ACGIH has adopted TLV'sfor some of the components found in the
complex sreams, induding 1,3-butadiene, pentane (dl isomers), cyclopentane, cyclopentadiene,
2,2-dimethylbutane, 2-methylpentane, 1-hexene, and benzene,

EPA and individud states have published anumber of environmenta reguirements intended to limit
emissons of VOCs which include al of the category streams.

| soprene concentrations of 5.2 to 74.3 ppb were reported in five air samples collected in Houston,
Texason April 2, 1974. |soprene concentrations were reported as 1.2 and 1.0 ppb in Tulsa,

Oklahoma suburbs, and 0.3 ppb in rurdl and downtown Tulsaon July 27, 1978. Ambient ar
concentration data for isoprene at various indudtrid gtesin Texas from 1994 through 1997 indicate
an average annud mean vaue of 0.13 ppb, with low and high values reported as <0.01 and 0.67
ppb. For 2methyl-2-butene, the average of the annua mean vaues was 0.27 ppb, with low and
high vaues reported as <0.01 and 1.17 ppb.

NIOSH edtimates that 3,654 workers were potertidly exposed to isoprene from 1981 to 1983 and
67 workers were potentidly exposed to 1,3-pentadiene, acomponent of some of the category
greams, during the same period.

3 ENVIRONMENTAL FATE

31 Photodegradation

The amosphereis the primary environmental compartment of interest when considering fate
processes that can impact the persstence of sreamsin the C5 Non-cyclics Category because they
will partition to the air compartment when released to the environment. Results from an
environmenta digtribution mode support this assessment. The modelling results can be largdy
explained by the relatively high vapor pressure of the congtituents evaluated. In spite of their water
solubility, wet deposition of category condituentsis not likely to play asgnificant rolein their
amospheric fate. Condtituents of streamsiin this category have the potentia to degrade & a
sgnificant rate in the amosphere through indirect photolytic process mediated primarily by
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hydroxyl radicds (OH"). In comparison, direct photolysisis not expected to contribute to the
degradative fate of these streams in the agqueous environment.

3.1.1 Direct Photodegradation

The direct photolyss of an organic molecule occurs when it absorbs sufficient light energy to result
inagtructurd transformation (Harris, 1982a). The reaction processisinitiated when light energy at
agpecific waveength evates a molecule to an dectronicaly excited sate. However, the excited
dtate is competitive with various deactivation processes that can result in the return of the molecule
to anon excited Sate.

The absorption of light in the ultravidlet (UV)-visble range, 110-750 nm, can result inthe
electronic excitation of an organic molecule. Light in this range contains energy of the same order
of magnitude as covaent bond dissociation energies (Harris, 1982a). Higher wavelengths (e.g.
infrared result only in vibrationd and rotationd trangtions, which do not tend to produce structurd
changesto amolecule.

The gratospheric ozone layer prevents UV light of less than 290 nm from reaching the earth's
surface. Therefore, only light a wave engths between 290 and 750 nm can result in photochemica
trandformationsin the environment (Harris, 19824). Although the absorption of UV light in the 290
750 nm range is necessary, it may not be sufficient to induce some chemicas to undergo
photochemica transformation. 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 gpproach to estimating a photochemica degradation rate is to assume that
degradation will occur in proportion to the amount of light at wave engths >290 nm absorbed by the
molecule (Zepp and Cline, 1977). Saturated hydrocarbons do not absorb light above 200 nm.
Characterigtic absorbance maxima (I ) and associated molar absorptivities (e) for three
unsaturated hydrocarbons are liged in Table 8 (Harris, 19824).

Table8. Characteristic Absorbance Maxima (I max) and Associated Molar Absor ptivities
(e) for Three Unsaturated Hydr ocarbons

Hydrocarbon I below 290 nm
I maxt e
Ethylene 193 10,000
13-Butadiene 217 20900
Benzene 25 215

* Vdues developed in organic solvents and regarded as gpproximate absorption maximain agueous solution.

Olefins with one double bond, two conjugated double bonds, or multiple un-conjugated bonds,
which condtitute the mgority of the chemicasin the C5 Non-cyclics Category, do not absorb
goprecidble light energy above 290 nm. Streamsiin this category do not contain condtituent
molecules with Sgnificant potentia to undergo direct photolyss. Therefore, this fate process will
not contribute to a measurable degradative remova of chemica condituentsin this category from
the environment.

3.1.2 Indirect Photodegradation

In the environment, organic chemicas emitted into the troposphere are degraded by severd
important transformation processes. The dominant transformation process for most compoundsis
the daylight reaction with hydroxyl (OH") radicals (Atkinson, 1988; Atkinson, 1989). The rate &

16



HPV CHEMICAL CATEGORY SUMMARY: C5NON-CYCLICS CATEGORY

which an organic compound reacts with OH radicasis adirect measure of its atmospheric
persstence (Meylan and Howard, 1993).

AOPWIN egtimates the rate constant for the atmospheric, gas-phase reaction between
photochemicdly produced hydroxyl radicas and organic chemicas. The rate constants estimated

by the program are then used to calculate atmaospheric haf-lives for organic compounds based upon
an average amospheric concentration of hydroxyl radicds.

Since the reactions necessary for this degradative process only take place in the presence of

aunlight, the amospheric haf-lives are normdized for a 12-hour day. The nine chemicals sdlected
to represent the atimospheric hadf-life range of streamsin this category include one C4 and 8 C5

hydrocarbons that are predominant among the 16 CAS RNs (Table 9).

Table9. Hydroxyl Radical Photodegradation Half-life of Selected Chemicals from Streams
in the C5 Non-cyclics Category

Chemical Calculated Half-life* OH;Rate Congtant

(hr9 (cm“/molecule-sec)
cis-Butene-2 23 56.7 E-12
cis-Pentene-2 22 576 E-12
3Methyl-1-Butene 45 286 E-12
14 Pentadiene 24 535E-12
| sopentane 318 40E12
Isoprene 12 1051 E12
n-Pentane 317 40E12
2-Methyl-2-Butene 15 873 E-12
Cydopentene 22 588 E-12

* Atmospheric half -life vdues are based on a 12-hr day and an OH™ concentration of 1.5E6, which is the default
concentration used by the mode .

Atmospheric oxidation via hydroxyl radica atack can be asgnificant route of degradation for
sreamsin this category. Based on caculated values, streamsiin this category can have an

atmogspheric hdf-life range of 1.2 to 31.8 hours as aresult of indirect photolyss by hydroxyl radica
attack.

32 Stability in Water (Hydrolyss)

Hydrolysis of an organic molecule occurs when amolecule (R-X) reacts with water (H,O) to form a
new carbon-oxygen bond after the carbon-X bond is deaved (Gould, 1959; Harris, 1982b).
Mechanidticdly, this reaction is referred to as a nucleophilic subgtitution reaction, where X isthe
leaving group being replaced by the incoming nudleophilic oxygen from the water molecule. The
leaving group, X, must be amolecule other than carbon because for hydrolysis to occur, the R-X
bond cannot be a carbon-carbon bond.

The carbon atom lacks sufficient electronegetivity to be agood leaving group and carbon-carbon
bonds are too stable (high bond energy) to be deaved by nudeophilic subgtitution. Under srongly
acidic conditions the carbon-carbon double bond found in alkenes, such asthosein the Fud Oils
Category, will react with weter by an addition reaction mechanism (Gould, 1959). The reaction
product is an dcohal. This reaction is not consdered to be hydrolysis because the carbortcarbon
linkage is not deaved and because the reaction isfredy reversble (Harris, 1982h). Thisreaction
differsfram other reactions with water such as hydration of carbonyls that can lead to the formation
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of an adcohol beginning with the trandfer of a proton from the weter to an dkene. However, water
by itsdf istoo wesk an acid to transfer a proton in the absence d astrong acid, which could effect
such an acid catdysed dectrophilic addition. Thus, hydrocarbons, including akenes, are not subject
to hydrolyss

Chemicdsthat have a potentid to hydrolyze include akyl hadides, amides, carbamates, carboxylic
acid esters and lactones, epoxides, phosphate esters, and sulfonic acid eters (Nedly, 1985). The
chemicdsin this category are primarily olefins that contain at least one double bond (alkenes). The
mgority of the remaining chemicals are saturated hydrocarbons (dkanes). These two groups of
chemicds contain only carbon and hydrogen. As such, their molecular Structure is not subject to the
hydrolytic mechanism described above. Therefore, chemicdsin the C5 Non-cyclics Category
sreams have a very low potentid to hydrolyze, and this degradative process will not contribute to
their removd in the environmentt.

33 Distribution in the Environment

Fugacity-basad multimedia modding provides basic information on the rddive didribution of a
chemica between sdected environmenta compartments, which can include air, soil, weter,
sediment, suspended sediment, and biota. A widdly used fugacity modd, the EQC (Equilibrium
Criterion) Leve | modd (Mackay et al., 1996; Mackay, 1998) caculates chemicd didtribution
between these compartments based on the input of basic physicochemica parametersincluding
molecular weight, water solubility, log Po,, ad mdting poirt.

Reaults of the EQC Leve | modd (Table 10) for sdected chemica condtituents of streams from this
category suggest thet they will partition primarily to ar, with asmal percentage partitioning to

water. These results can be explained by their high vapor pressure. Didribution of these chemicals
to each remaining compartment (soil, sediment, suspended sediment, biota) is calculated asless

than 0.01%.

Table10. Environmental Digtribution as Calculated by the EQC Levd | Fugacity Modd for
Selected Chemicals from Streamsin the C5 Non-cyclics Category

_ Digribution Per Environmental Compartment (%)
Chemical = prp
Air Water Soil Sediment spen Biota
Sediment
cis-Butene-2 9993 0.02 <001 <001 <001 <001
Cis-Pentene-2 997 0.03 <001 <001 <001 <001
3Methyt1-
Butene 9998 0.02 <001 <001 <001 <001
I}é‘l’t e 9097 0.02 <001 <001 <001 <001
| sopentane 9098 0.01 <001 <001 <001 <001
Isoprene 9996 0.03 <001 <001 <001 <001
n-Pentane 99.99 0.01 <0.01 <001 <0.01 <0.01
ZMetyt2 %097 002 <001 <001 <001 <001
Butene
Cydopentene PVA 0.04 <001 <001 <001 <001

Note Thedigtribution values were determined using physica property datafrom the EPIWIN (1999) database.
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The nine chemicas selected to characterize the trangport/ditribution range include one C4 and 8
C5 hydrocarbons that are predominant across the streams in this category. Physicd property data
(Table4) used in the mode are from the EPIWIN (1999) database.

34 Biodegradation

Biodegradation is the use of an organic chemica by microorganisms as a source of energy and
carbon. The parent chemicd is brdken down to smpler, smdler chemicas, which can eventudly be
converted to inorganic forms such as carbon dioxide, nitrate, sulfate, and water, depending on the
compodtion of the parent chemical.

The microbid metabolism of diphatic dkenes can beinitiated by attack &t the double bond
(Waetkinson and Morgan, 1990). Four degradative processes have been identified:

Oxygenase dtack upon atermind methyl group to the corresponding acohol, adehyde, and
acd

Subtermind carbon oxygenase attack to the corresponding dcohol and ketone

Oxidation across the double bond to the corresponding epoxide

Oxidation across the double bond to the corresponding diol

Sreams in the C5 Non-cydlics Category are composed predominantly of chemicaswith aCh
carbon number. A smdler but significant percent of C4 hydrocarbons can aso be present in sdect
sreams (Table 2).

Condtituent chemicas from process streams in this category are hydrocarbons (Table 2) that are
caculated to partition primarily to the air where physica processes will contribute to their rgpid
degradation (see Indirect Photodegradation above for specific degradation rates of sdected
chemicds from this category) . Consequently, their availability to microbid degraders may be
sgnificantly limited in theenvironment. Because of the partitioning behavior of chemicasin this
category, biodegradative processes may be less likely to contribute to their loss. However, sreams
from the C5 Non-cydlics Category do lend themsdaves to being evauated for biodegradaility
because they areliquid at ambient temperatures.

Tegting was conducted on two complex streams aswell as two pure chemicas. The sandard test
guiddines applied induded the OECD (Organization for Economic Co-operationand
Development) 301D, Closed Bottle Biodegradation Test, and the OECD 301F, Manometric
Respirometry Biodegradation Test. The two test methods use dosed systems, which is necessary
when evauating volatile substances.

Data from the four studies were used to characterize the biodegradability of sreamsin this category
(Table 11). With the exception of isoprene, the data suggest that streams in this category may
biodegrade dowly during a 28-day test period, but there is potentid for acclimation after which
rgpid degradation can occur. The 28-day resultsfor two complex streams, Hydrotrested Cbs and
Pyrolysis C5s, and one pure substance, 2 methyl2-butene, ranged from 7 to 11%. However,
additiona data for the Hydrotrested C5s stream suggest that athough these substances may exhibit
asgnificant lag phase, degradation to arddively high extent can occur after microbia acclimation.
The Hydrotresied C5s sample achieved 65% biodegradation on day 56 when an additiond 28 days
incubation period was dlowed [this stream can contain 11% 2-methyl-2-butene and severd
chemicds found in the Pyrolysis Cbs stream (Table 2)]. A distinct lag phase or acclimation period
was a0 observed in the study that evauated the biodegradaiility of isoprene. Although the lag
phase was markedly shorter, ggoroximately 9 days, once acdimated, the microbia consortium was
able to degrade isoprene to an extent of 60% on day 18 of a28-day study [isoprene can be amgor
condtituent of the Pyrolysis Cbs stream and is found at lower concentrations in the Hydrotreated
C5s dream (Table 2)].
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Table11l. Summary of Biodegradation Datafor Selected Substancesin the C5 Non-cyclics

Category
Biodegradation (%)
CASRN and
Substance Name Day Day Day Day Day Day Day Day
7 9 10 11 18 28 42 56
63602-79-9
Hydrotreated C5s 31 27 26 21 06 11.2 546 | 654
(EMBS, 20043)
63476-55-1
PyrolysisC5s 50 - - 1.0 80 70 - -
(HLS, 20033)
78795
|soprene 45 38 17.9 331 | 601 60.9 - -
(EMBS, 2004b)
513-35-9
2-Methyl-2-Butene 20 - - 1.0 40 70 - -
(HLS, 20030)

HLS Huntingdon Life SciencesLtd.

EMBS ExxonMobil Biomedicd Sciences, Inc.

The resultsfor the Hydrotreasted C5s stream and isoprene illugtrate the possible need for acclimation
to occur before substances from this category begin to exhibit Sgnificant biodegradetion. The data
a0 suggest that these substances can be chalenging to biodegrade and as aresult, the acclimation
period can vary.

As an example, the Hydrotreated C5s stream demondtrated little biodegradation during the first 22
days of the study after which the rate of biodegradation measured in the individua replicate (3) test
systems markedly increased. However, that increase initiated on widely different days for each of
the replicates, days 23, 27, and 31. By day 56 (twice the length of a dandard test duration), the three
replicates had achieved 38, 69, and 62% biodegradation. The difference between the replicates on
day 56 was additiond evidence that this sample presented a"chdlenge"’ to the degrading
microorganisms, but after sufficient time, degradation occurred at rapid rates.

Differencesin replicate biodegradation as was demongtrated in the study for the Hydrotreated C5s
stream can occur when differing microbid consortiagrow from the origind microbia population
added to the replicates. Alt hough it could be expected that Smilar microbid populations between
replicates would grow similarly, this may not dways occur, and for substances that can be
challenging to degrade, the difference in populaions may be sgnificant. In comparison, substances
thet are easily degraded, the positive control (sodium benzoate) for example, will not typicaly
demondrate alag phase or acclimation period. Biodegradation can occur a argpid rate in lessthan
aday, and if alag phese is demondrated, it istypicaly lessthan 3 days Additiondly,
biodegradation rates and extents of biodegradation in the replicates tends be smilar with rdatively
amdl sandard deviations demongtrated by the biodegradation extent data

A smilar pattern of degradation was dso demondrated in the isoprene study. Although the
acclimation phase was shorter in durdtion, the replicate varighility as to when degradation became
sgnificant and at test termination, day 28, was Smilar to what was seen in the Hydrotrested C5s
stream results. The replicates in the isoprene study achieved an extent of biodegradation equd to
55, 53, and 75%. The data from these two substances suggest that category members can exhibit
high extents of biodegradation, but rapid rates of degradation will occur only after the microbia
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population has an opportunity to acclimate, and thet acdimation periods will vary between
microbid populaions

The results for the Hydrotreated C5s stream and isoprene gppear to illustrate the need for
acclimation to occur before these substances can exhibit ardaively rapid rate of biodegradation.
The data aso suggest that these substances can be chalenging to biodegrade.

Thelack of biodegradation in sdlected studies during the 28-day exposure is not believed to result
from toxic effects. The four substances showed no inhibitory affect on the norma degradative
activity of the microbid inocula used to evauate their biodegradability (Huntingdon Life Sciences
Ltd; 20033, 2003b, 2003c, 2003d).

35  Abictic and Biotic Degradation Summary

The stream congtituents from the C5 Non-cydics Category will partition primerily to the ar where
physicd degradative processes will dominate their fate. Data show that these chemicas are subject
to rapid physica degradetion in the air from hydroxyl radicd atack. Condituent chemicasfrom
category streams are not subject to direct photolytic processes or hydrolysis. Sdected streams and
pure chemicals that represent streams in this category are subject to biodegradetive processes.
Streams and condituents in this category exhibited awide range of biodegradability under sandard
testing procedures. However, the data suggest that category sireams can exhibit high extents of

biodegradation and that once acclimation occurs, rapid rates of biodegradetion are possible. Overdl,
the streams from this category are expected to degrade rapidly in the environment from a
combination of physica and biologica processes.

4 HUMAN HEALTH HAZARDS

41 Effects on Human Health

4.1.1 AcuteToxicity
Sudies in Animds

| soprene
Oral

An acute ord toxicity study was conducted in Widar réts. In this sudy, 15 animas per sex were
adminigered isoprenein oil. The ord LD50 was determined to be 2043 to 2210 mg/kg. No other
details were provided (Kimmerle and Solmecke, 1972).

Inhalation

An acute inhdation exposure study was conducted by Shugaev (1969) to determine the
concentrations of hydrocarbons such asisoprenein varioustissues at letha exposure
concentrations. In this pre GLP sudy minima ddtal is provided. The rats were exposed for four
hours and the mice for two hours. The LCso values reported in this Sudy are asfollows:

Rat L Cso (4 hour) = 180 mg/L or 64,620 ppm (confidence limits 130 to 181 mg/L; p<0.05)
Mouse LGy (2 hour) = 157 mg/L or 56,363 ppm (confidence limits 129 to 252 mg/L; p <0.05)

2-Methyl-2-Butene
Oral
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In order to determine the acute oral LD=o of 2-methy}-2-butene (2M2B) two studies were
performed: arange finding study in which two abino Widar rats of each sex were dosed with 0.5,
1.0, and 5.0 ml/kg, and a second study in which six dbino Wider rats of each sex were dosed. In
both studies the dosing was by intraesophaged intubation using a balpoint needle fitted to a
syringe. Because the test materid was so volatile, it was necessary to keep it onice until it was
dosed. Therefore, the animals recaived 2M2B a atemperature of gpproximatdy 24.5C. After
dosing the animals were given food and water ad libitumand observed for toxicologicd sgns over
the following 14 days. Body weights were recorded at 7 and 14 days. Based on the results of the
range-finding study, the acute ord LD s value was estimated to be between 1 and 5 ml/kg. To
determine amore accurate L Dsg vaue, groups of Sx maes and six femaes were dosed with 1.0,
16, 25, 4.0, 6.3, and 10 mi/kg. In this study, the mgority of deaths occurred within the first 3 days
following dosing with most survivors recovering from sSgns of intoxication by the third day. All but
one of the survivors hed gained weight by the conclusion of the 14-day observation period. Theord
LDso wes esimated to be in the range of 1 to 4 ml/kg (i.e., 700 to 2600 mg/kg) (Dewar, 1980).

Dermal

The acute (24 hour) dermd toxicity of 2M 2B was determined using amethod based on thet of
Noakes and Sanderson (1969). Two tests were performed, arange finding test in which two abino
Widar rats of each sex were dosed with 0.5, 1.0, and 2.0 mi/kg and a second test in which Six rats
of each sax were dosed with 3.03 mi/kg. The caculated dose was gpplied to the shaven skin by
syringe, the dose being dtered by varying the volume of the materia applied. It was necessary to
apply the materid at atemperature of approximately 5 C on account of its voldility. The test
materid was covered with duminum foil held in place by a double overwrgp of waterproof
adhesve tgpe. The rais were individualy housed for the next 24 hours, food being withheld but

water given ad libitum At the end of the 24 hours exposure period, the foil and dressing were
removed and the kin washed with warm dilute detergent solution and then dried. The animas were
returned to group housing and observed for Sgns of toxicity over the following 14 days.

Initid 7 day and 14 day body weights were recorded. In the range finding study, the aoute dermd
LDso was estimated to be >2.0 mi/kg. In order to obtain amore accurate LDs, vaue, a group of Six
maes and 9x femaes were dosed with 3.03 mi/kg, which is equivaent to adose of 2 g/kg. No
mortdities were recorded and there were no signs of systemic toxicity. All animas gained weight
within one week of dosing. Thus, the acute dermd LDso value of 2M2B is >2 g/lkg (Dewar, 1980).

Inhalation

In this study, groups of 5 male and 5 femae abino Widar rats were exposed for 4 hoursto atest
atmosphere containing 6.1 per cent (v/v) 2M2B. During the exposure the animals became
narcotized, but revived within 30 minutes of cessation of exposure. There were no deaths and
macrascopic and microscopic examinaions a necropsy of animaskilled 14 days pogt-exposure
reveded no compound related effects. The acute 4 hours inhdaion LGsp of 2M2B in ratsis grester
than 6.1% (i.e., 61,000 ppm) (Blair, et al, 1982).

Conduson

|soprene and 2M2B have alow order of acute toxicity in animals by the ora and inhaation routes
of exposure (Table 12). 2M2B has dso been shown to have alow order of acute toxicity by the
dermd route of exposure.
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Table12. Summary of Acute Inhalation Toxicity Data for the C5 Non-cyclics Category

CASRN and . Exposure Duration LCs
Substance Name Test Organism (hours) (ppm)
78795
|soprene Rat 4 64,620
78795
|soprene Mouse 2 56,363
513-359
2 Methyk-2-Butene Rat 4 >61,000
4.1.2 lrritation
Studiesin Animds
| soprene
in Irritation

A inirritation study was conducted in two New Zedland White rabbits (Kimmerle and Solmecke,
1972). In this study, the skin of the rabbit ears was painted twice per day for 5 consecutive days
with 100% isoprene. Reversible erythema was observed. However, the severity of this erythema
was not noted.

Respiratory Tract Irritation

A repested dose inhdation study conducted in mice and rats exposed up to 7,000 ppm isoprene for
6 hours/day, 5 days/week for 13 weeks showed no gross microscopic lesonsin the respiratory tract
of rats and femde mice (Mdnick et al., 1994). In mae mice degenerdtion of the olfactory
epithelium was observed a 7,000 ppm, but not a lower concentrations. The NOAEL in this study
was 2,200 ppm.

2-Methyl-2-Butene
Sin Irritation

An occlusive patch test based on the method of Draize (1975) was used to assess the primary skin
irritation induced by 2M2B applied neat. Three mae and three femae New Zedand White rabbits
were used. After 24 hours exposure, the intact and abraded test Stes were examined and scored for
erythemaand edema on agraded scae (0to 4) a 24, 48, and 72 hours and 7 days post-dosing. The
primary irritation score calculated according to the method of Draize was 1.79. On the basis of this
score 2M 2B may be regarded as being mildly irritating to rabbit skin. The erythema and edema
scores at 7 days were higher than those a 72 hours. However, a 7 days dl the skin patches were
beginning to dry out and flake, and it is passible that a contributory factor to the dightly higher
erythema scores was the animals scratching these areas (Dewar , 1930).

Eyelrritation

The method of Draize (1963) was used to assess the eyeirritancy of 2M2B. Six New Zedand white
rabbits were used. The reactions of the animas were observed immediatdy after indtillation.. A
visua assessment of eyeirritancy was made a 1 hour, 1 day, 2 days, 3 days, and 7 days after
indillation or until the irritancy was no longer discernible. The mean totd scoresfor the responses

of the conjunctiva, corneaand irisat 1 hour, 1, 2, 3 and 7 dayswere 0.5, 0, 0, 0, and O,
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respectively. Based on these results, 2M 2B should be considered as nortirritating to rabbit eyes
(Dewar, 1980).

Conduson

Basad on the avallable data, 2M 2B should be consdered as mildly irritating to skin and non-
immitating to eyes. The respiratory tract irritation potential of 2M2B isnot known, as no data are
avalable for this endpoint.

4.1.3 Repeated Dose Toxicity
Sudiesin Animals

| soprene
Inhalation

A 2week repeated dose inhdation study was conducted in miceand rats (Menick et al., 1990). In
this sudy, F344 rats and B6C3F1 mice (20 animals/'sex/group/species) were exposed by inhdation
to isoprene & concentrations of 0; 438; 875; 1,750; 3,500; or 7,000 ppm for 6 hours/day, 5
days/'week for two weeks. Ten arima 'sex/group/species were used for dinica pathology
evauations after 4 exposuresin rats or 5 exposuresin mice. The remaining 10 animals per group
were used for histopathology at the end of the study. Body weights and dlinica observations were
recaded weekly. Necropsies were performed and mgjor tissues/organs preserved. Histopathologic
examinations were performed on the control and high exposure animas (7,000 ppm) plusdl lower
dose groups until an gpparent no-observed-effect level was found.

In rats, there were no treatment-related changes in surviva, body weight gain, dinica 9gns,
hematologic or clinica chemistry parameters, organ weights, or incidences of gross or microscopic
lesons. In the B6C3F1 mice, decreasad body weight gain was obsaved only in maesin the 7,000
ppm exposure group. Other trestment related effects observed in mice exposed to isoprene
included: @) dight increasesin liver weight, b) decreases in thymus, spleen, and testisweights, €)
hematologic changes such as reductionsin red blood cdll counts, hemoglobin concentrations, and
volume of packed red cdls, and d) microscopic lesons which induded thymus and testicular
arophy, olfactory epithelid degeneration, and forestomach epithdia hyperplasa The decreased
spleen weightsin mice exposad to isoprene were not associated with histopathologica dterationsin
this organ.

This study demonstrated that there is a clear species difference in the susceptibility of rats and mice
isoprene exposure. In rats, there were no obsarvable toxicologica effects a any dose following the
2-week exposure. However, in mice, exposure to isoprene for 2 weeks induced changesin
hematologicd parameters, body and organ weights and produced microscopic lesonsin certain
tissuesat leves aslow as 438 ppm.

A 13-week repeated dose inhaation study was conducted in mice and rats (Mdnick et al., 1994).
In this study, F344 rats (10/sex/group) and B6C3F1 mice (10/sex/group) were exposed to 0; 70;
220; 700; 2,200; and 7,000 ppm isoprene, 6 hours/day, 5 daysiweek for 13 weeks. Body weights
and dinica observations were recorded weekly. Blood samples were collected for dinica
pathology evauations on days 4, 24, and a the end of the study. Urine samples were collected from
rats during week 12. After thirteen weeks of exposures, adl rats and mice were sacrificed and
evauated higtopathologicaly. Organ weights were d o recorded.

In rats, there were no exposure rdated effects observed for surviva, body weight gain, dinica
sgns of toxicity, hematology or dinica chemistry parameters, urinadyss, organ weights, or the
incidence of gross or microscopic lesions. In mice, there were no effects on surviva, body weight
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gan, or dinicd sgnsof toxicity. However, the mae and femae mice exposed to 700 ppm and
higher showed hematologic effects indicative of a nonresponsive, macrocytic anemiaat day 24 and
after thirteen weeks. Focd epithdid hyperplasia of the forestomach was aso observed in both
maes and femaes. Degeneration of the olfactory epithelium and cytoplasmic degeneration of the
liver were ds0 observed in mae mice a the highest concentration (i.e,, 7,000 ppm). The mae mice
exposed to 7,000 ppm exhibited testicular weights reduced 35% compared to the contrals.

In condusion, no toxicologica effects were evident in rats exposed up to 7,000 ppm for 13 weeks.
However, in mice, hematologica and histopathologica changes were observed at exposures of 700
ppm and higher. This 13-week repeated dose inhaation study, conducted as part of a 26-week
carcinogenicity study, confirmed the pecies difference between rats and mice in susceptibility to
isoprene.

A 26-week repeated dose inhaation exposure study was conducted with isoprene in F344 rats and
B6C3F1 mice (Mdnick et al., 1994). In this study, groups of 40 mae B6C3F1 mice and Fischer
344 rats were exposed to 0; 70; 220; 700; 2,200; or 7,000 ppm isoprene vapor by inhdation for 6
hours/day, 5 days'week for 6 months. At the end of the 26-week exposure period, 10 ratsand 10
mice/group were sacrificed and evauated. The remaining animals were alowed to recover for an
additiona 26 weeks without exposure a which time they were aso sacrificed and eva uated. Body
weights and dinica observations were recorded weekly throughout the study. Blood samples were
collected for clinica pathology evauations after 26 weeks exposure. Tissues preserved at the 26
and 52 week sacrifices were examined microscopicaly. Organ weights were recorded at both
intervas. Twenty mice/group were evauated for fordimb and hindlimb grip strength &fter 26
weeks exposure; 10 mice/group were dso evauated at 2 days, 1-, 3 and 6:months post-exposure.

After 26 weeks exposure, rats exhibited no treatment-related mortalities, bodyweight change nor
laboratory findings. The only trestment-related effect was an increased incidence and severity of
interditial cdl hyperplasaof thetestisat 7,000 ppm (10/10, mild severity) compared with controls
(1/20; minimd severity); thislesion was seenin dl recovery groups (28/30-30/30 animals per group
a 70 - 7,000 ppm), but aso occurred at a high incidence in controls (25/30), and there was no
concentration-rel ated trend.

In mice, there was reduced survivd a 7,000 ppm from gpproximetely 18 weeks onwards. Early
mortality was aitributed to neoplagtic lesons aswdll as sacrifice of animas showing hindlimb
pardysistowards the end of the exposure period, primarily a 7,000 ppm. Similar hematologica
changes occurred after 26 weeks as were seen after 13 weeks exposure Hindlimb grip strength was
datigticaly sgnificantly reduced a 220 ppm and above, up to gpproximatdy 4 weeks post-
exposure. Satidicdly sgnificantly increased incidences of teticular atrophy (5/10), degeneration

of olfactory epithdium (10/10) and minima degeneraion of the spind cord white metter (10/10)
were seen at 7,000 ppm after 26 weeks exposure. In recovery groups, these latter [esions were seen
with gatisticaly sgnificantly increased incidencesin the lower exposure concentration graups aso.
Degeneration of olfactory epithelium in recovery groups occurred at 220 ppm and above (5/29 at
220 ppm, 28/28 a 7,000 ppm) compared with contral (1/30). The incidence of spind cord
degeneration was increased a 70 ppm and above (20/30 a 70 ppm, 13/28 & 7,000 ppm, 4/30in
controls); the incidence of testicular atrophy in recovery exposure groups was not datisticaly
ggnificantly different from controls.

A chronic study was conducted in B6C3F. mice. In this study, mice were exposad to isopreneby
inhdation for either 4 or 8 hours/day, 5 daysiweek for 20, 40, or 80 weeks (Plackeet al., 1996).
Twelve groups of 50 male B6C3F; mice were exposad to 0, 10, 70, 140, 280, 700 or 2,200 ppm of
isoprene vapor for 4 or 8 hours/day, 5 daysiweek for 20, 40, or 80 weeks followed by a holding
period, leading to atota planned study length of 104 weeks. Femae mice (50/group) were exposed
to 0, 10, and 70 ppm of isoprene, 8 hours/day for 80 weeks and dso held for observation through
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week 104. Sdected groups of mice were removed at the end of 20 or 40 weeks of exposure, and
were held in holding chambers for the duration of the 80 week test period. At the end of 80 weeks,
al surviving animas were moved to a holding room through study week 104 and then necropsied
beginning in sudy week 105.

Surviva rate was reduced to less than 50% of control, from week 80 onwards a 280 ppm and
above; animasin these groups were necropsied a week 96. No dlinical sgns of toxicity were seen
other than those associated with tumor development. Bodyweight and hematologicd parameters
were unaffected by treatment. At necropsy, trestment-rel ated gross lesions observed were opacity of
the eyes, often with protrusion due to Harderian gland enlargement. Nodules and massesin the
forestomach mucosa, liver and lung; enlargement of the soleen and mesenteric lymph node; and
reduction in Sze and weight of testis were aso observed. Effects were gpparent at 280 ppm and
above, but the dose levels at which particular effects were seen weare not clearly stated. In femaes,
there was a reduction in ovarian weight a both exposure concentrations, 10 and 70 ppm, which did
not reech gatigtica significance, and which may have been trestment-reaed. A dightly increased
incidence of hyperplasia of the dveolar lining and of the forestomach mucosa were seen a higher
doses in maes; there was an increased incidence of mild metaplasa of focd aress of the olfactory
epithelium down to the respiraiory epithelium in maes goparently a 2,200 ppm ad in females at

70 ppm. No other clear trestment-relaed non-neoplastic changes were observed. Additiond details
about tumors that occurred in this Sudy are given in the carcinogenicity section.

A chronic inhdation study was dso conducted inrats. In thisstudy, groups of 50 mae and femae
F344/N rats were exposad to 220, 700, or 7,000 ppm isoprene by inhdation, 6 hours per day, 5 days
per week, for 104 weeks (NTP, 1999). The survivd of exposed maes and femdeswas smilar to
that of the chamber controls. Mean body weights of exposed mae and femde rats were dso smilar
to those of the chamber controls throughout the study.

Nort+neoplagtic effects were observed in mde rats only. They included rend tubule hyperplasa and
lenic fibross. Theincidence of rend tubule hyperplasa was as follows: 0/50, 2/50, 6/50, and
8/50, respectivey, in the sandard evauation. When standard and extended eva uations were
combined, the incidences were: 7/50, 6/50, 13/50, and 18/50, respectively.

Theincidence of splenic fibross was asfollows: 11/50, 14/50, 24/50, and 22/50, respectively.

No other clear treetment-related non-neoplastic changes were observed. Additiond details about
tumors that occurred in this study are given in the carcinogenicity section.

2-M ethyl-2-Butene
Inhalation

An OECD 422 combined generd toxicity and reproduction/devel opmentd toxicity screening sudy
was conducted in Sprague-Dawley rats (Huntingdon Life Sciences Ltd, 2003¢). In this study,
groups of 12 mae and 12 femae rats were expased by inhdation to 0; 580; 2,000; or 7,000 ppm
(approximately 1,660; 5,720; or 20,000 mg/nt) 2M2B for gpproximately 6 hours'day. In the main
study, i.e., repeated-dose generd toxicity sudy, the maes and femaes were exposed for 28 days,
respectively. Parameters mesasured during this study included clinical Sgns, adetailed functiona
obsarvationd battery, motor activity, bodyweight, food consumption, hemetology, blood chemigtry,
organ weight, and macrascopic and microscopic pathology.

Thedlinica sgns observed during this sudy induded half-dosed eyes on day 1 in the groups
exposed to 2,000 and 7,000 ppm. In addition, these animas exhibited alower leve of response to
externd gimuli. This latter finding was olbserved on one other occasion in the high dose animals.
No sgns were observed indicative of any generd systemic effects either during routine dinica
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examination or during the functiona observetiond baitery. There was a dightly lower bodyweight
gain & 7,000 ppm, and dightly longer dotting times at 2,000 ppm (prothrombin time for femaes)
and 7,000 ppm (prothrombin times for both sexes and activated partid thromboplastin times for
males). Cholesterol levels were increased among the femaes expaosed to 7,000 ppm but in the
absence of any further effectsin the dinica chemigtry parameters or the maesthis finding is of
doubtful Sgnificance.

Pethologica changes were noted among the high dose femde ratsin the liver, as evidenced by
increased organ weight and minima centrilobular hepatocyte hypertrophy. Therewasdso a
decreased incidence of extramedullary hematopoiesisin the spleen in the high dose animals, and an
increase in goblet cdl hyperplasiain the nasd passages of the high dose maes. In addition, adight
increase in severity of myocardid inflammeatory heart lesons and in cortical/medullary tubular
basophiliain the kidneys was observed in the high and intermediate dose maes.

Although some genera systemic effects were observed in this study, these effects were dight and
mogt gpparent in animas exposed to the highest dose, 7,000 ppm, and to alesser extent to those
exposed to 2,000 ppm. Based on these observetions, the No Observed Effect Leve in this Sudy was

580 ppm.
Pyrolyss C5
Inhalation

An OECD 422 combined generd toxicity and reproduction/developmenta toxicity screening study
was conducted in Sprague-Dawley rats (Huntingdon Life Sciences Ltd, 2003f). In this study, groups
of 12 mae and 12 femde rats were exposed by inhdation to 0; 100; 300; or 1,000 gom Pyrolyss
C5s gtream for gpproximately 6 hours/day. In the main study, i.e., repeated-dose generd toxicity
study, the maes and femaes were exposed for 28 days, repectively. Parameters measured during
this sudy incdluded dinical Sgns, adetalled functiona observationd bettery, motor activity,
bodyweght, food consumption, hematology, blood chemidtry, organ weight, and macroscopic and
micrascopic pathology.

No sgns consstent with a generd systemic effect were observed during the routine clinicad
examination or during the functiond observationd battery. Inter-group differencesin hematologica
and biochemical parameters were ot considered to be treatment related.

The observed histopathologica changes were redtricted to the liver (minima centrilobular
hepatocyte hypertrophy) of the high dose rats, associated with dightly eevated liver weights. These
effects were consdered to be adaptive, not adverse. However, the mae rats dso exhibited a higher
kidney weight and incidence of cortica tubules with hyaine droplets gpparent in dl trestment
groups with other associated kidney lesons. No pathological changes were gpparent in the kidneys
of treated femaes. The reported effects on kidneys are considered a mae ratgpecific phenomenon
and have no relevance for human risk assessment.

Due to the histopathologica changes in the mae kidneys ano effect leve for generd systemic
toxicity was not established. However, if one consders only those effects considerded potentidly
relevant to humans, aNOAEL of 1,000 ppm was established for maerats. In females, aNOEL of
1,000 ppm was established.

Hydrotreated C5s
Inhalation

An OECD 422 combined generd toxicity and reproduction/devel opmentd toxicity screening Sudy
was conducted in Sprague-Dawley rats (Huntingdon Life Sciences Ltd, 2003g). In this study,
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groups of twelve mae and twelve femde rats were exposed by inhdation to target concentrations of
0; 1,000; 3,000; or 8,500 ppm Hydrotreated C5s. In the main sudy, i.e., repested-dose genera
toxicity sudy, the maes and femaes were exposed for 6 hours/day for aperiod of 4 weeks.
Parameters measured during this study included dinica Sgns, adetalled functiona observationd
battery, motor activity, bodyweght, food consumption, hematology, blood chemistry, organ weight
and macroscopic and microscopic pathology. The study mean andysed concentrations of
Hydrotreated C5s over the duration of the sudy were 992; 3,033; or 8,502 ppm, respectively. These
levels were in good agreement with the target exposure levels.

Clinicd sgns observed induded sdivation in the high dose animds i.e, 8502 ppm, during a
portion of the trestment period, and on one occasion, animals were noted as being lethargic.
However, no other treetment-related clinicad Sgns were observed. In addition, no trestment-related
changes were observed in motor activity or in the functiona observationd battery.

No trestment-related effects were observed in any of the hematologicd parametersinvestigated
following 4 weeks of trestment with Hydrotreated C5s. However, when blood chemigtry parameters
were evduaed, agatigicaly sgnificant lower group mean triglyceride level was observed in
femderasreceiving 3,033 and 8,502 ppm Hydrotreated C5s. A smilar effect was rot observed in
maderats. Asthetriglyceride levels of the femde controls were dightly greater than historica
control vaues, and as no other rdated changes were gpparent, this change is likely to be of no
clinicd sgnificance.

Organ weight measurements revesled that bodywe ght-adjusted group mean kidney weights were
increased in dl trested groups when compared with controls, with Satistica significance being
atained for maes receiving 3,033 or 8,502 ppm Hydrotreated C5s. Bodyweight-adjusted mean
kidney weights were increased in dl groups of treated femdes.

No trestment related macrascopic changes were noted in any of the exposed animals. However,
some pathologica changes were noted upon microscopic observation. All mae rats exposed to
Hydrotrested C5s displayed pathologicd effectsin the kidney as evidenced by rend corticd tubules
containing hydine droplets. Severity increased with increasing exposure concentration. This finding
correlates with the increased bodyweight adjusted kidney weghts reported in dl of the mae
exposure groups. Basophilic corticd tubules were dso increased in incidence and severity in dll
male exposure groups, and in the femae 3,033 and 8,502 ppm groups compared to the ar control
groups.

Intheliver, minima centrilobular hepatocyte hypertrophy was found at a satisticaly sgnificant
incidencein the high dose mde group, i.e., 8,502 ppm. Thisfinding aso corrdaes with the
increased bodyweight adjusted liver weights reported in the male 8,502 ppm exposure group.
Centrilobular hepatocyte hypertrophy dong with dightly devated liver weights are considered to be
adaptive rather than adverse effects. The Sngle casesin the male 992 ppm group and the femde
3,033 ppm exposure group are not conddered to be taxicologicaly sgnificant.

In the nasd turbinates, atrophy/disorganization of the olfactory epithdium was found in severad
animdsin the mde high dose exposure group, i.e, 8502 ppm, and in the femde mid- and high-
dose exposure groups, i.e., 3,033 and 8,502 ppm. Although the incidences had not achieved
datigtica sgnificanceit is consdered that they are above background levels, and thefinding is
congdered to be trestment-related in these groups.

In summary, aNo Observed Effect level (NOEL) wasnot achieved in maes; in femaes the
NOAEL is 992 ppm. The repested dose toxicity data are summarized in Table 13.
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Conduson

As part of the HPV Program, repeated dose studies have been conducted on the mgor components
and two complex streams from the C5 Non-cydlics Category, induding isoprene, 2methyl-2-
butene, Pyrolysis C5s stream and Hydrotrested C5s stream. The repeated dose studies conducted
with isoprene demondtrate clear Species differences between rats and mice in susceptibility to
isoprene. For example, in rats, there were no observable toxicologica effects at any dose following
the 2week repeated dose exposure. However, in mice, exposure to isoprene for 2 weeks induced
changes in hematologica parameters, body and organ weights and produced microscopic lesonsin
catan tissues a leves aslow as 438 ppm. Smilarly, in the 13-week study, no toxicologicd effects
were evident in rats exposed up to 7,000 ppm isoprene for 13 weeks. However, in mice,
hematological and histopathological changes were observed at exposures of 700 ppm and higher.
This 13-week repeated dose inhdation study confirmed the species difference between rats and
mice in susceptibility to isoprene. In the 26-week repeated dose study, there were no treatment
related mortality, bodyweight change nor laboratory findingsin rats. The only trestment related
effect was an increased incidence and severity of interdtitiad cell hyperplasa of the testis at 7,000
ppm (highest dose) compared with controls. However, this leson which was seenin dl recovery
groups dso occurred a a high incidence in the controls and there was no concentration rel ated
trend. In mice exposad to isoprene for 26 weeks, there was reduced survivd at the high dose from
18 weeks onwards. Mice exposed for 26 weeks and alowed to recover with no exposure for an
additiona 26 weeks showed evidence of spind cord degeneration. After 26 weeks of exposure,
spind cord degeneration was evident only in mice exposed to 7,000 ppm. However, in recovery
group animds ater afurther 26 weeks without exposure, spina cord degeneration occurred with a
gatigicdly sgnificant increased incidence above control in mice exposad to 70 ppm and above. In
the chronic inhalation study (i.e., 80 weeks) conducted in mice, no dinicd ggnsof toxicity were
Seen other than those associated with tumor development. Of note, in sharp contrast to what was
observed in the 26-week study, there was no evidence of spind cord degeneration in micein the
chronic 80-week study. This discrepancy was further evauated in 2001 when the Internationd
Ingtitute of Synthetic Rubber Producers (11SRP) |soprene Scientific Oversght Committee enlisted
the sarvices of Dr. Robert Garman, aveterinary pathologist. Dr. Garman conducted an independent
neuropathology review of the dides from the 26-week repest dose sudy in mice. This review
confirmed the presence of minima to mild degenerative changes within the sections of spind cord
from mice in the highest dose group, i.e,, 7,000 ppm thet had been necropsied immediately &fter the
sx month exposure period. However, no sgnificant differences were found between the
gopearance of the pind cord sections from the mice in the 0 ppm; 70 ppm; 220 ppm; and 7,000
ppm groups that were necropsied immediatdy dfter the Sx month recovery period during which
time there had been no additiond exposuresto isoprene. This review supports the likelinood of
recovery of the mice from the mild degenerative lesons found immediately after the Sx month
isoprene exposure. Confirmation of thisfinding by the NTP is il pending.

2-Methyl-2-butene was tested in a 28-day repest dose study in rats. Although some generd effects
were observed in this study, these effects were dight and were most gpparent in those animas
exposed to the highest dosg, i.e,, 7,000 ppm, and to alesser extent to those exposed to 2,000 ppm.

The Pyrolysis C5 stream was a so tested in a 28-day repeet dose study in rats at concentrations up to
1,000 ppm. No generd systemic effects were observed during the routine dinica examination or
during the functiona observationd bettery. Sight histopathological changes were observed in the
livers of the high dose rats. In the mae rats, however, ahigher kidney weight and incidence of
cortica tubuleswith hydine droplets was gpparent in dl treetment groups. High dose mdes dso
showed associated kidney lesions. No pathologica changes were gpparent in the kidneys of treeted
femdes. The kidney effects observed in mde ratsis awell studied phenomenon known as™ light
hydrocarbon nephropathy.” This phenomenon has been extensvely evduated by the US
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Environmenta Protection Agency (EPA). The EPA has determined that "light hydrocarbon
nephropathy” is amale rat pecific phenomenon and has no rdevance fa human risk assessment.

The Hydrotreated C5 stream was tested in a 28-day repeat dose Sudy in rats a concentrations up to
8,502 ppm. Other than lethargy and increased sdivation obsarved in the high doseanimds, i.e,

8,502 ppm, no other treetment-related clinical Sgnswere noted. In addition, no trestment-related
changes were observed in motor activity or in the functiona observationd battery. No macrascopic
changes were noted in any of the animas. However, maderasin dl trestment groups again showed
evidence of "light hydrocarbon nephropathy.” Other effects included some minima changesin the
livers of high dose mde rats and some atrophy/disorganization of the olfactory epithdium in the

nasd turbinates in both high dose maes and femaes as wel as mid-dose femdes.
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Table13. Summary of Repeated Dose Toxicity Data for the C5 Non-cyclics Category

Exposure
Su%';ichzl Sna?ne Or;zﬁsm Duration Exposure-Rédated Effects N(gSrE)L
(weeks)
78795
|soprene Rat 2 None 7,000
Changesin hematologica
78795 perameters, body & organ
|soprene Mouse 2 weights, & observable 438
microsoopic lesonsin certain
tissues
gngr?e Rat 13 None 7,000
78795 Hematologicd &
|soprene Mouse 13| hisopathological chenges 220
78-79-5 Interdtitid cdll hyperplasacf the
|soprene Rat 26 testis 2,200
78795 ind cord degeneration
Ioprene Mouse % ﬁreesed a 70 ppm & above <70
Sight increase in severity of
e | e | 4 | momammmyien |
Butene lesons& in cortica/medullary
tubular basophiliain the kidneys
Centrilobular hepatocyte
hypertrophy adong with dightly
g‘;ﬁgﬁ;ﬁé (fell?rgi 9 4 elevqed liver weights ae 1,000
conddered to be adaptive rather
than adverse effects
Centrilobular hepatocyte
hypertrophy dong with dightly
devaed liver weights are
68476-55-1 Rat 4 congdered to be adaptive rather 1,000
PyrolysisC5 (mae) than adverse effects; effects '
congstent with light hydrocarbon
nephrophathy were dso
observed*
Atrophy/disorganization of the
68602-79-9 Rat 4 olfactory epithdiumin the nasd o
Hydrotrested C5 (femde) turbinates, basophilic cortica
tubules
Basophilic cortica tubules
Hydine droplet nephropathy;
?ﬁf&:ﬁw - (rsjte) 4 effects consistent with light <o
hydrocarbon nephrophathy were
aso observed*

* The EPA has determined that "light hydrocarbon nephropathy™ is amal e rat-specific phenomenon and hasno

relevance for human risk assessment.
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4.1.4 Mutagenicity
In vitro Studies

| soprene

|soprene was tested in an Ames assay in four strains of Salmonella typhimurium (i.e,, TA98,
TA100, TA1535, TA1537) with and without metabolic activation (Mortemans et al., 1986). The
preincubation modification of the Sdmonella assay was used to test isoprene in these four different
strains of Salmonella in the presence and absence of Aroclor 1254-induced rat and hamster liver S
9. FHve dose levels plus control were tested (i.e,, 0; 100; 333; 1,000; 3,333; and 10,000 ny/plate)
with three plates per dose leve. The high dose (10,000 ngyplate) was limited by toxicity.

Concurrent positive controls were aso tested with and without metabalic activation. The assay was
repeated |ess than one week after completion of theinitid test.

In this study, isoprene washot mutagenic in any of the four strains of Sdmonellatested ether in the
presence or absence of Aroclor-induced rat or hamger liver 0.

The two isoprene monoepoxides, 3,4-epoxy-3-methyt1-butene and 3,4-epoxy-2-methyt 1-butene
and the isoprene diepoxide, 2methyt1,2,3 4-diepoxybutane were tested in two Srains of
Salmonela typhimurium (i.e,, TA98 and TA100) without metabolic activation (Gervas and Longo,
1990). These epoxides were assayed with the sandard-plate incorporation test, without metabalic
activation since they are direct-acting compounds. The two monoepoxide metabolites were not
mutagenic. However, the diepoxide metabalite, 2 methyt1,2,3 4-digpoxybutane was mutagenic in
drain TA100 with alinear dose-effect rdaionship.

Concentrations of 0.25 to 25% isoprene monomer were subjected to Ames mutagenicity testing
using vapor phase exposures (Huntington Life Sciences, Ltd., 2003a). To investigate possible
species differences in metabolism, liver enzymatic preparations (S-9 and microsomes) were
employed from uninduced B6C3F1 made mice. A podtive contral, vinyl chloride, provided
evidence of both the mutagenic capabilities of the bacteriaaswell as activity of the liver enzymes.
Salmonella srains TA1535, TA1537, TA98, and TA100 were employed aswere E. coli WP2 uvrA
(pKM101) becteria. Criteriafor a pogtive response included (&) evidence of doseresponsiveness,
and (b) an increase in revertants of treated plates versus controls at two times for al strains except
TA1535 & TA1537, which required a 3fold increase. The maxima increase of revertant rates
obsarved in isoprene-exposed bacteriawas 1.7 for the TA1535 drain, and 1.6 in E. coli, bath in the
presence of S9 activation. Vinyl chloride induced increases in revertant ratesin these assays of 29-
and 5.7-fold relative to negative controls, respectively. These results for isoprene indicate negligible
mutagenic activity towards bacteria under the stated test conditions.

In conclusion, the two monoepoxide metabolites of isoprene are non-mutagenic, while the
diepoxide metabaliteis active. The potentia for genotoxic effects of isoprene in rodents and other
gpeciesis reasonably concluded to be based upon the chemica's metabolic profilein aspecies-

dependent manner.

Isoprene was tested in an in vitro Sster Chromatid Exchange (SCE) assay in mammdian cells
(GAloway et al., 1987). In this Sudy, isoprene was tested in cultured Chinese hamger ovary (CHO)
cdlsfor induction of SCEs both in the presence and absence of Aroclor 1254-induced Sprague-
Dawley rat liver 9. The test included concurrent solvent, positive controls, and four doses of
isoprene. The doses tested were 50; 160; 500; and 1,600 ng/ml (without S9) and 160; 500; 1,600;
and 5,000 ng/ml (with ). A sngle flask per dose was used. All dides were scored blind and those
from asingle test were read by the same person. Fifty 2nd division metgphase cells were scored for
frequency of SCES/cdll from each doselevd.
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|soprene was not genotoxic in this study as no increases in SCEs were noted in the cultured CHO
cells treated with isoprene, with or without SO.

Isoprene was dso tested in an in vitro Mammadian Chromosoma Aberration Test (Galoway et al.,
1987). In this study, isoprene was tested in cultured Chinese hamgter ovary (CHO) cdllsfor
induction of chromosoma aberrations (Abs), bath in the presence and absence of Arodlor 1254
induced Sorague-Dawley rat liver S9. The test induded concurrent solvent, positive controls, and
three doses of isoprene. The doses tested were 1,600; 3,000; and 5000 ng/ml. A single flask per
dose was used. All dides were scored blind and those from asingle test were reed by the same
person. Two hundred 1st-division metaphase cells were scored for chromosoma aberrations a each
doselevd.

|soprene was not genatoxic in this study as no increases in chromosoma aberrations were noted in
cultured CHO cdlls tregted with isoprene, with or without 9.

2-Methyl-2-Butene

2M2B was tested in an Ames assay in 5 srains of Salmonella typhimurium (i.e,, TA1535, TA 1537,
TA1538, TA 100 and TA98), and in 2 drains of Escherichia coli (i.e., WP, and WP uvrA) in the
presence and absence of rat liver S9 (Dean et al., 1985). Five dose levels were tested, with three
plates per dose leve. Concurrent postive and solvent controls were dso tested with and without
metabolic activation (rat liver S9). Two replicate assays were performed on different daysto

confirm the reproducibility of the results. 2M2B was not mutagenic in any of the five srains of
Salmondlla or inthe two drains of E. coli tested in the presence or aosence of metabolic activation

2M2B was tested in aSaccharomyces cerevisiae gene converson assay (Dean et al., 1985). Inthis
assay liquid suspension cultures of S, cerevisiaein dilute growth medium were dosed with 0.2, 2,

10, 20, or 50 mg/ml of 2M2B in ethanal to give afind concentration of 0.01; 0.1; 0.5; 1.0; or 5.0
mg/ml. After 18 hours of incubation with sheking at 30°C either in the presence of absence of rat
liver SO fraction, the cultures were seeded onto the appropriate culture media for the selection of
revertant colonies. After 3 days incubation a 30°C, the numbers of revertant colonies were counted.
In this assay, atest material is considered to be mutagenic if the number of revertants per 10°
aurvivor cdlsin the treated plates is grester than twice the control vaue. Thisdid not occur with
2M2B a any of the concentrations tested either with or without metabolic activation. Thus, 2M2B
was not mutagenic to yeast cdls under the conditions of this assay.

2M2B wastested in arat liver cytogenetics assay (Dean et al., 1985). In this assay cultures of rat
liver odlls (RL 4) were prepared in glass prescription bottles (200 ml) at an initia cdll density of 10°
cdisusng 25 ml of aulture medium, (Minimum Essentid medium + 10% fetd caf serum + 1%
non-essantia amino acids). The cultures were incubated at 30°C for 24 hoursto dlow active growth
to commence; freshly prepared solutions of 2M2B were then added at concentrations of 12.5; 25; or
50 nivml. These concentrations were salected on the basis of a previoudy conducted cytotoxicity

test which determined the concentration producing 50% growth inhibition (i.e., 200 n¥ml), and
gppropriate dilutions of this concentration (i.e., 0.125; 0.25; and 0.5%) were used. Postive control
culturesusng 1 ngml 7,12-dimethyl benzanthracene were run in parald. The chromosome
preparations were randomly coded and 100 cells from eech culture were analysed microscopicaly
for chromosome changes. Based on the results of the metgphase chromosome andyss, 2M2B did
not induce chromosome damage in cultured rat liver cdls (RL4) exposed for 24 hoursto
concentrations of 12.5; 25.0; and 50 m/ml, respectively. Thus, 2M2B was not genotoxic under the
conditions of this assay.
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Pyrolyss C5

The mutagenic potentia of Pyrolysis C5 was assessed in 4 grains of Salmonella typhimurium (i.e,
TA 1535, TA 1537, TA 98, and TA 100) and in atryptophan dependent mutant of Escheria cali,
srain WP2uvrA/pKM 101 (Huntingdon Life Sciences Ltd, 2002¢). The bacteriawere exposed to
Pyrolyss C5 in vapor phase. These studies were conducted in accordance with OECD Test
Guiddine 471, EC Commisson Directive 2000/32/EC Annex 4D-B. 13/14 and US EPA OPPTS
770.5100.

Both studies were performed in the presence and absence of liver preparations from Aroclor 1254
induced rats (SO mix). Concentrations of Pyrolysis C5 up to 0.525% viv (5250 ppm; 50% of the
Lower Explosve Limit) were tested in the mutation tests in vgpor phase. Agar plates, seeded with
the tester srains, were exposed to the test substance for 48 hours at 37 degrees C, then incubated in
the absence of the test substance for afurther 24 hours. Revertant colony numbers were counted
after incubation. No signs d toxicity were observed towards the tester Srainsin either mutation
test. All becteria lawnswere normd.

No evidence of mutagenic activity was seen a any concentration of Pyrolysis C5 in either mutation
test. The responses of the positive controls were dl within higtorical data ranges, with the
exception of dichloromethane where responses exceeded the historica detarange. Postive control
chemicas used in this study that required metabolic activation were benzo(a)pyrene and 2
aminoanthracene. Directacting pogitive controls included 2-nitrofluorene, sodium azide, 9
aminoecridine, and dichloromethane.

In conclusion, under the test conditions employed, Pyrolysis C5 showed no evidence of mutagenic
activity in ether bacterid sysem.

Hydrotreated C5s

The mutagenic potential of Hydrotreasted C5s was assessed in 4 strains of Salmonella typhimurium
(i.e, TA 1535, TA1537, TA98, and TA100) and in atryptophan dependent mutant of Escherichia
coli, srain WP2uvrA/pKM101 (Huntingdon Life Sciences Ltd, 2003h). The bacteriawere exposed
to Hydrotreasted C5sin vgpor phase. These studies were conducted in accordance with OECD Test
Guiddine 471, EC Commisson Directive 2000/32/EC Annex 4D-B. 13/14 and US EPA OPPTS
770.5100.

Both studies were performed in the presence and absence of liver preparations from Aroclor 1254
induced rats (S9 mix). Concentrations of Hydrotreated C5s up to 0.85% v/v (50% of the Lower
Explosive Limit) were tested in the mutation test. The lower concentrations used were separated by
ca hdlf -logio intervals. No signs of toxicity were obsarved towards the tester strains in either
mutation tes.

No evidence of mutagenic activity was seen a any concentration of Hydrotreated C5sin ether
mutation test. The concurrent positive controls demonstrated the sengitivity of the assay and the
metabolisng activity of the liver preparations. Postive control chemicas used in this study were
benzo(a)pyrene, 2aminocanthracene, sodium azide, 2-nitrofluorene, 9-aminoacridine, 2(2-furyl)-3-
(5-nitro-2-furyl)acrylamide and dichloromethane.

In conclusion, under the test conditions employed, Hydrotreated C5s showed no evidence of
mutagenic activity in this becterid system.
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Invivo Sudies

| soprene

Anin vivo Sser Chromatid Exchange (SCE) study was conducted in B6C3F1 mice by Tice et al.
(1988). In this study, 15 mae B6C3F1 mice per group were exposed for 12 days, 6 hours/day to 0;
438; 1,750; or 7,000 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 animas were implanted with a BrdU tablet 1 hour before
the 12th exposure. Two hours prior to sacrifice on the following day, the animals recaived an
intraperitoned injection of colchicine. For andlysis of SCE, 5 mice per exposure group were
euthanized 24 hours after BrdU implantation. Bone marrow was removed, fixed onto dides, and
dained usng differentid chromatid aining. Twenty-five second-divison metgphase cdlls were
scored for SCEs from 4 mice/group.

Exposure to isoprene for 6 hours/day at 0; 438; 1,750; or 7,000 ppm for 12 daysinduced a
sgnificant increase in the frequency of SCEsin bone marrow cdlsat dl three dose levels (4.40 & O
ppm; 14.84 a 438 ppm; 11.61 at 1,750 ppm; and 13.98 a 7,000 ppm). The increased SCE
responses in the exposed groups were not satidticaly different from each other. There were no
sgnificant dlinica signs or mortdity throughout the study.

In this sudy, isoprene was found to be genotoxic and cytatoxic to mouse bone marrow in vivo,
inducing SCE, inhibiting cdlular proliferation, and suppressing the rate of erythropoiesis. The lack
of sgnificant difference in SCEs among the three exposed groups suggests a satur ation of the
metabolic capacity of mae mice to form reective species.

A Mammdian Bone Marrow Chromosoma Aberration test was conducted in B6C3F1 mice by Tice
et al. (1988). In this study, 15 mae B6C3F1 mice per group were exposed for 12 days, 6 hours/day
to 0; 438; 1,750; or 7,000 ppm 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 chromatogrgphy. The animas were 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 andlyss of chromosoma aberrations, 10 mice per
exposure group were killed 17 to 20 hoursafter BrdU implantation. Bone marrow was removed,
fixed onto dides, and stained using differentid chromatid staining. Fifty firg-divison metaphese
cdlswere scored for aberrations from 8 mice/group. Additiondly, 100 randomly sdected
metaphase cdlls per dide were scored for replication higory to provide dataon cell generation time,
amessure of cdl proliferation kinetics. The percentage of cells in metgphase among 1,000
cdlg'sample was used to cdculate the mitotic index.

In this sudy, expaosure of mice to isoprene for 6 hours/day a concentrations of 0; 438; 1,750; or
7,000 ppm for 12 days did not induce a datigticaly sgnificant increase in the frequency of
chromosoma aberrations in bone marrow cdls. The incidence of bone marrow cdls with
chromosomd aberrations was dightly devated in the exposed groups compared to the control but
these increases were not datisticadly sgnificant. Mitotic index data indicated no sgnificant change
in the percentage of bone marrow cells engaged in divison, dthough the 7,000 ppm group was
dightly incressed compared to the controls. Anadysis of the average generation time showed a
datigicdly sgnificant lengthening of the cdl cyde duration of proliferating cdlsin the 7,000 ppm
group.

In conclusion, dthough the incidence of bone marrow cells with chromosomd aberrationsin mde
mice trested with isoprene for 12 days were dightly devated a al dose groups compared to
controls, none of the increases were gatigticaly sgnificant.
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A Mammdian Erythrocyte Micronucleus Test was conducted in B6C3F1 mice by Tice et al.
(1988). In this study, 15 male B6C3F1 mice per group were exposad by inhalation to isoprene a
concentrations of 0; 438; 1,750; and 7,000 ppm, 6 hours/day for 12 days. Approximately 24 hours
following the last exposure, periphera blood samples were obtained from each animd by tail snip,
ar-dried immediady and fixed with methanol. One thousand polychromatic erythrocytes (PCES)
and 1,000 normochromatic erythrocytes (NCES) were scored per animal for frequency of
micronucleated erythrocytes (MN). The percentage of PCEsin 1,000 erythrocyteswas dso
determined as a measure of isoprene-induced toxidity.

In this study, exposure to isoprene induced a gatigticaly significant incresse in the frequency of
MN-PCEs and NCEs in mae mice at al exposure concentrations tested. There was aso a dose-
related decrease in the percentage of PCES, ameasure of therate of erythropoiesis. There were no
ggnificant dinical 9gnsor mortdity thr oughout the study.

In conclusion, isoprene was genotoxic to mouse bone marrow in vivo. A decrease in the percentage
of PCEswas ds0 obsarved which suggests that erythropoiesis was adso being suppressed.

A rat lung fibroblast Micronuceus Test was conducted in Fischer 344 rats by the Nationd
Toxicology Program (1997). Groups of 10 mae and 10 femde rats per group were exposed for 4
weeks to 0; 220; 700; or 7,000 ppm isoprene by inhdation for atota of 17 to 19 exposures. Therds
received at least two consecutive days of exposure prior to sacrifice and lung cdll isolaion. Lung
fibroblasts were isolaied and cultured in Single-chamber didesfor 72 hours. The dides were fixed
and gained with acridine orange and 1,000 binucleated cdlls on each of two sides per anima were
scored. The number of mononudeeted cdls and micronuclel were recorded following a sandard
scoring criteria

There were no Satisticaly significant differences between the mae or female exposed and control
groups for micronuclestedrat lung fibroblasts. There were no Sgnificant dinica sgns or mortdity
during the expasure period.

In conclusion, isoprene was not genotoxic in this sudy. No sgnificant increase in the frequency of
micronucleated lung fibroblasts was observed in mele and fema e rats exposed to isoprene for 4
weeks.

2-Methyl-2-Butene

2M2B was evduated for its ability to induce micronucle in bone marrow polychrometic
erythrocytes (PCEs) in mae BgCa;, mice (Exxon Biomedicd Sciences, 19914). Mde mice
(10/group) were exposed 6 hours aday for 2 consecutive daysto 0; 1,005; 3,207; or 9,956 ppm
2M2B by inhdation. Another group of 10 male mice was exposed to 1,000 ppm 1,3-butadiene and
served as the pogtive control. The mean micronuclested PCE values were 4.2; 16.6 and 36.1 &
1,005; 3,207; and 9,956 ppm, compared to 3.4 micronuclested PCEs for the negative control.
2M2B induced gatisticaly sgnificant (p<0.01) and dose related increases in micronuclested PCEs
a 3207 and 9956 ppm. A datidticdly sgnificant (p<0.01) decrease in the %PCES, whichisa
messure of hematotoxicity, was only observed a 9956 ppm. The postive control produced a
gatigticaly sgnificant increase in micronucleated PCES (29.7) and decrease in %0PCES (44.5%).
Under the conditions of this Study, exposure to 2M2B > 3207 ppm induced Saigticaly sgnificant
increases in micronucleated polychromatic erythrocytesin mae mice; the No Observed Effect
Leve was 1,005 ppm.

2M2B was evduated for its ability to induce micronudei in bone marrow polychromatic
erythrocytes (PCEs) in made CrlCDBR rats (Exxon Biomedicd Sciences, 1991b). Mderats
(10/group) were exposed 6 hours aday for 2 consecutive daysto 0; 1,005; 3,207; or 9,956 ppm
2M2B by inhdation. 2M2B induced gatigticadly sgnificant (p<0.01) and dose related increasesin
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micronuclested PCEs & 3,207 and 9,956 ppm. The mean micronucleated PCE vaues were 2.2; 4.2;
and 4.9 a 1,005; 3,207; and 9,956 ppm, repectively, compared to 2.7 for the negative contral (ar).
The mean %PCEs at 1,005; 3,207; and 9,956 ppm (48.6; 51.0; and 49.8%, respectively) were
dightly decreased from the negative control (54.9%), but they were not different from each other
and did not show evidence of dose response. Therefore, the biologica sgnificance of this
obsarvaion is unclear. Under the conditions of this sudy, inhdation exposure to 2M2B >3,207

ppm induced smdl but gatigicaly sgnificant increases in micronuclested polychrometic
erythrocytesin male rats, the No Observed Effect Leve was 1,005 ppm.

Pyrolyss C5

Pyrolyss C5 was evduated for its ability to induce micronucle in bone marrow cdls of CD-1 mde
mice (Huntingdon Life Sciences Ltd., 2002d). This study was conducted in accordance with OECD
Test Guiddine 474, US EPA OPPTS 870.5395 and EC Directive 2000/32/EC, L 136/50.

In this study, groups of seven mae CD-1 mae mice were exposed to Pyrolysis C5 for two 6-hour
exposure periods approximately 24 hours apart & target exposure levels of 40, 150, and 500 ppm.
The test substance and negative contral (i.e., clean air) were administered by whole body inhaation
exposure. The positive control group was dosad by ord gavage with mitomycin C a 12 mglkg
bodyweight . All animals were sacrificed approximately 24 hours following the second exposure
period (24 hours after the ord dose for the positive control group).

Bone marrow smears were prepared from dl animas and examined to eva uate the incidence of
micronude in 2,000 polychromatic erythrocytes (PCE) per animd. The proportion of PCE was
asesed by examination of at least 1,000 erythrocytes.

No satigticaly sgnificant increase in the incidence of micronuclested PCE were observed in the
Pyrolysis C5s exposed animas compared with the negative control values. The positive control
treatment induced a Sgnificant increase.

In condusion, Pyrolysis C5 did not show any evidence of causing chromosome damage or bone
marrow cell toxicity when administered by whole body inhdation to CD-1 mae micein this sudy.

Hydrotreated C5s

Hydrotreated C5s was evauated for its ability to induce micronude in bone marrow cdls of CD-1
mae mice (Huntingdon Life Sciences Ltd., 2003i). This study was conducted in accordance with
OECD Test Guiddine 474, EC Commission Directive 2000/32/EC Annex 4C -B.12 ard USEPA
Hedth Effects Test Guiddines- EPA 712-C-98-226.

In this study, the mice were exposed to the test materid for two 6-hour exposure periods
goproximately 24 hours apart at target exposure leves of 2,000; 4,000; and 8,000 ppm. Thetest
substance and negative contral (i.e., dean ar) were administered by whole body inhaation
exposure. The postive control group was dosed ordly with mitomycin C a 12 mg/kg bodyweight
0on one occason, gpproximately 24 hours before terminetion.

Bone marrow smears were obtained from seven mae animasin the negative control group, eech of
the test substance groups and five male animas in the postive control group 24 hours after thefind
dose. One smear from each anima was examined for the presence of micronuclei in 2000
immature erythrocytes. The proportion of immature erythrocytes was assessed by examination of at
least 1,000 erythrocytes from each animd. A record of the incidence of micronuclested meature

erythrocytes was a'so kept.

The target vapor concentrations of Hydrotrested C5s were 2,000; 4,000; and 8,000 ppm for the low,
intermediiate, and high dose groups, respectively. Anadysed mean chamber concentrations for the
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two exposure periods were 1,927; 3,729; and 7,894 ppm, indicating that the test aamospheres were
within the acceptable ranges of 4, 7, and 1%, respectively, from target.

No gatigticdly significant increases in the frequency of micronuclested immeature erythrocytes were
observed in mice following two 6-hour whole body inhdation expasures of Hydrotrested C5s at

2,000; 4,000; and 8,000 ppm, compared to negetive control vaues (P>0.01 in each case).

A smdl gaidicaly sgnificant decrease in the proportion of immeature erythrocytes was observed in
animds exposad to Hydrotreated C5s. The proportion of immature erythrocytes was within the
norma range of variahility for this species and was not consdered to be of any biologica
importance.

In condusion, Hydrotreated C5s did not show any evidence of causng chromosome damage or
bone marrow cdl toxicity when administered by whole body inhdation to CD-1 mdemiceinthis

Study.
Condudgion

| soprene was genotoxic to mouse bone marrow in vivo. Exposure of B6C3F1 mice to isoprene
resulted in agatistically sgnificant increase in Sster chromatid exchanges and bone marrow
micronuclel. However, isoprene did not produce an increase in micronucleated lung fibroblastsin
exposed F344 rats. |soprene waas not genotoxic in any of thein vitro assays conducted. Two
monoepoxide metabolites were not mutagenic in any of the Salmonella strains tested. The
diepoxide metabalite, 2 methyl-1,2,3 4-digpoxybutane was mutagenic in Salmonella srain TA100.
Isoprene did not produce Satisticaly sgnificant increasesin ether Sster chromatid exchangesor in
chromosomd aberrationsin exposed Chinese Hamster Ovary Cells.

2M2B isnot mutagenic in vitro. It did not induce gene mutations in reverse mutation assays
conducted in Salmonella typhimuriumand Escherichia coli ether in the presence or aosence of
metabolic activation. 2M 2B did not produce revertant coloniesin a gene conversion assay
conducted in Saccharomyces cerevisiae and it did not induce chromosome dameage in cultured rat
liver cdlls

2M2B was mutagenic at high exposure concentrations (et exposures grester than 3207 ppm (9,19
mg/nT) when tested in vivo for its ability to induce micronude in bone marrow polychromatic
erythrocytes (PCEs) in both mice and rats.

The Hydrotreated C5 stream was not mutagenic either in vitro orin vivo. It did not induce gene
mutations in reverse mutation assay's conducted in Salmonella typhiurium and Escherichia coli
ather in the presence or absence of metabalic activation. In addition, it did not show any evidence
of causng chromasome damage or bone marrow toxicity when administered by whole body
inhdaionto CD-1 maemiceinanin vivo micronucleus assay.

415 Carcinogenicity
Sudiesin Animals

| soprene
Inhalation

A 26-wesk inhdation exposure sudy was conducted with isoprene in F344 rats and B6C3F1 mice
(Mdnick et d., 1994). In this dudy, groups of 40 mae B6C3F1 mice and Fischer 344 rats were
exposed to O; 70; 220; 700; 2,200; or 7,000 ppm isoprene vapor by inhdation for 6 hoursday, 5
daysiweek for 6 months. At the end of the 26-week exposure period, 10 rats and 10 mice/group
were sacrificed and evauated. The remaining animas were dlowed to recover for an additiond 26
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weeks without exposure at which time they were aso sacrificed and evauated. Tissues presarved a
the 26 and 52 week sacrifices were examined microscopicaly.

Interdtitid cdll hyperplasia of the testis was observed in mae rats after 26 weeks of exposure to
7,000 ppm isoprene; following the 26-week recovery period, the only effect in rats was amargina
increase in benign testicular interditid cdl tumorsin the 7,000 ppm group. The surviva of mice
was reduced in the 7,000 ppm group; early deaths were attributed to various neopladtic lesons and
moribund sacrifices due to hindlimb pardyss. In mae mice, incidences of maignant neoplastic
lesonsin the liver, lung, foresomach, and Harderian gland were significantly increased following
the 26-week exposure and 26-week recovery periods a 700 ppm and higher exposures

Thus, in this repeated dose study, isoprene was carcinogenic to the liver, lung, forestomach and
Harderian gland of mae mice after 26 weeks exposure and 26 weeks recovery. In contrast, the only
effect observed in mde rats was amarginaly increased incidence of benign testicular adenomeas a
the highest exposure leve (7,000 gom).

In achronic oncogenicity study, B6C3F; mice were exposad to isoprene by inhaation for ether 4

or 8 hours/day, 5 daysiweek for 20, 40 or 80 weeks (Placke et al., 1996). Twelve groups of 50 mde
B6C3F;. mice were exposad to 0; 10; 70; 140; 280; 700; or 2,200 ppm of isoprene vapor for 4 or 8
hours/day, 5 daysiweek for 20, 40, or 80 weeks followed by aholding period, leading to atota
planned study length of 104 weeks. Femde mice (50/group) were exposed to 0, 10 and 70 ppm of
isoprene, 8 hours/day for 80 weeks and dso held for observation through week 104. Sdected
groups of mice were removed at the end of 20 or 40 weeks of exposure, and were held in holding
chambers for the duration of the 80-week exposure period. At the end of 80 weeks, dl surviving
animas were moved to a holding room through study week 104 and then necropsied beginning in
study week 105.

| soprene produced exposure reated increeses in the incidence of liver, lung, Harderian gland and
forestomach tumors, aswell asincreased incidences of hemangiosarcomas and higtiocytic
sarcomas. These results were Smilar to the profile of tumors seen in 1,3-butadiene except for the
absence of the early onset of T-cdl lymphoma seen with butadiene (NTP, 1993). In this study, 10
ppm was a No Olserved Adverse Effect Level (NOAEL) for the carcinogenic effects. The Lowest
Obsarved Adverse Effect Leve (LOAEL) for tumorsin this study was between 70 and 140 ppm.
Biogatigica analyss of the tumor incidence dataindicated that cumulative exposure was not an
adequate predictor of risk. The same cumulative exposure could be more or less damaging,
depending upon how it was administered over time. With respect to nonneoplagtic lesions, there
were no gpparent effects on motor function and no exposure-related lesonsin the spind cord at any
concentration. Thisisin sharp contrast to what was observed in the NTP subchronic study where
partia hindlimb pardyss and spind cord degeneration was observed in mice exposad to 70 ppm for
6 months.

A chronic inhdation oncogenicity study was aso conducted in rats. In this study, groups of 50 mae
and femae F344/N rats were exposed to 220; 700; or 7,000 ppm isoprene by inhdation, 6 hours per
day, 5 days per week, for 104 weeks (NTP, 1999). The surviva of exposed maes and females was
amilar to that of the chamber controls. Mean body weights of exposed mde and femde rais were
smilar to those of the chamber controls throughout the studly.

Exposure rdated increases in the incidences of mammary gland fibroadenoma occurred in mae rats
in al exposure groups. Mammary gland fibroadenoma is congdered to be avery rare tumor in
malerats. The incidences of fibroadenomain 7,000 ppm maes and dl groups of exposed femaes
were significantly greeter than those in the chamber control groups. The incidences of
fibroadenomain dl exposed groups of maes and femdes, of multiple fibroadenomain 7,000 ppm
males, and in dl groups of exposed femaes exceeded the historica control ranges. The incidences
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of rend tubule adenomain 700 and 7,000 ppm males, and the incidence of rend tubule hyperplasa
in 7,000 ppm maes were Sgnificantly greater than those in the chamber controls. In addition, an
exposure rdated increase in the incidences of interdtitid cell adenoma d the testis occurred in mae
rats Theincidences of bilaterd intergtitid cell adenoma, and of unilaterd and bilaterd intertitia
cdl adenoma (combined) of the testisin 700 and 7,000 ppm mdes were sgnificantly greater than
those in the chamber cattrals. Theincidences of interdtitid cdl adenomain 700 and 7,000 ppm
males exceaded the higtorical control range. Severd rare neoplasms including benign astirocytoma,
mdignant glioma, and malignant medulloblastoma, granular cdll tumor and meninged sarcoma
were observed in the brain of exposed femde rats. The neoplasmsrarely occur in higtorical
chamber controls. However, the fact thet they are of different cell types makesit difficult to
determineif they are truly exposure-related.

In summary, isoprene exposures were associated with increases in rates of benign tumorsin the
testes and kidney (mae), and mammary gland (mae and femae). No sgnificant increases were
seen for maignant tumorsin thisstudy. For this reason, and the fact that bran tumorsin femaes
were of severd didtinct cdl types, the overdl leve of evidence presented for the carcinogenicity of
iopreneinrasis, a mog, limited. In soite of this, the NTP concluded that under the conditions of
this 2year inhdaion sudy, there was clear evidence of carcinogenic activity of isoprenein made
F344/N rats based on increased incidences of mammary gland neoplasms, rend tubule adenoma,
and testicular adenoma. They aso concluded that there was some evidence of carcinogenic acivity
of isoprene in femae F344/N rats based on increased incidences and multiplicity of mammeary

gland fibroadenoma. A low incidence of rare brain neoplasmsin exposed femde rats may have
been due to exposure to isoprene. In summary, based on the results of the carcinogenicity studies
conducted in mice and rats, the NTP listed isoprene as "reasonably anticipated to be a human
carcinogen” in the 9th Report on Carcinogens.

Condusion

Thereis dear evidence of carcinogenicity of isoprene in mice due to the induction of maignant
tumorsin two separate studies. |soprene produced exposure-reaed increasesin the incidence of
malignant neoplasmsin the liver, lung, Harderian gland and forestomach of mice, aswell as
increases in the number of hemangiosarcomas and higtiocytic sarcomeas. In rats, on the other hand,
there were no sgnificant increases in the incidence of maignant tumors. In rats isoprene exposures
were associated with increases in the rates of benign tumorsin the testes and kidney (mae) and

mammary gland (mae and femae). Although single incidences of severd rare brain neoplasms

were observed in femderats, the fact that they were of severd distinct cell types, makesit difficult
to determineif they are truly exposure related.

4.1.6 Toxicity for Reproduction
Sudiesin Animdls - Reproductive and Developmentd Toxicity (Tables 14 and 15)

| soprene
Inhalation

No guiddine reproductive studies have been conducted with isoprene. Histopathology of the
reproductive organs was evauated in repested dose inhdation studies conducted in F344 rats and
B6C3F1 mice a exposure concentrations of 0; 70; 220; 700; 2,200; and 7,000 ppm for 6 hours/day,
5 daysiweek for 13 weeks and 26 weeks (Mdnick et al., 1994). In addition, sperm matility and
vagind cytology evauations were performed on dl rats and mice expased to O; 70; 700; or 7,000
ppm in the 13-week study.
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No trestment-related effects were observed in rats exposed to isoprene for 13 weeks. Following 26
weeks of exposure, the only effect in rats was an increase in the incidence and relative severity of
interditiad cdl hyperplasacof the testisin the 7,000 ppm group. Following the 26 week recovery
period, the incidence of interdtitid cell adenomawas dightly grester in mae rats exposed to 700
ppm or higher. Based on the findings of increased hyperplagtic lesons a 26 weeks and adenomas
fallowing the 26-week recovery, the early devdopment of interdtitid cdl-proliferative lesonswas
conddered to be exposure related.

In mice exposed to isoprene for 13 weeks, testicular weight was reduced 35% in the 7,000 ppm
group, and minima morphologica changes (seminiferous tubular arophy) were detected in 2/10
mice. Compared to controls, male micein the 700 and 7,000 ppm groups had 12% and 30% lower
epididyma weights, 12% and 46% lower spermatid head counts, 12% and 46% lower sperm
concentrations, and 6% and 23% reductions in sperm matility, respectively. The femde mice
exposed to 7,000 ppm exhibited estrous cycle lengths significantly longer than the control group

(4.8 vs 4.2 days). In summary, mice exposed to isoprene for 13 weeks exhibited sgnificant effects
a 700 ppm or higher, incdluding increased estrous cycle length and testicular atrophy, and decressed
epididymd weight, oerm head count, Soerm concentration, and spoerm moatility.

Femde Swiss CD-1 mice and Sprague-Dawley rats were exposed to 0; 280; 1,400; or 7,000 ppm
isoprene for 6 hours/day, 7 days'week on gestationd days 6 to 17 in mice or gestetiond days 6 to
19in rats (NTP, 1989).

In rats, there was no adverse effect on the dam or offspring a any dose level, and there was no
increase in maformations or varidions. A dight, but not Satigtically sgnificant, increesein the
incidence of reduced vertebra ossifications (centra) was noted a 7,000 ppm. Thus, in rats 7,000
ppm was the NOAEL for both maternd and developmentd toxicity.

In mice, 7,000 ppm isoprene Sgnificantly reduced maternd weight gain and uterine weight.
Developmentd toxicity was evident in mice as a datistically Sgnificant reduction in fetd
bodyweight at the 280 ppm leve for femae fetuses and a the 1,400 ppm leve for mae fetuses. No
embryotoxicity in the form of increased intrauterine desth was present at any exposure leve.
Although there was no sgnificant increase in the incidence of maformations, two fetuses with deft
paate were found, one in each of the two highest exposure groups (i.e,, 1,400 and 7,000 ppm). Cleft
paates were not detected in the control group. Increased incidences of variations (i.e,
supernumerary ribs) were observed in the exposed groups. However, this skeletd variaionis
generdly consdered as a secondary effect of maternd toxicity or stress, and its Sgnificanceis
unclear. Thus, in mice, 1,400 ppm was the NOAEL for maternd toxicity. A NOAEL for
developmentd toxicity could not be determined in this study because effects (reduction in fetal
bodyweight) were observed & the lowest exposure concentration tested (280 ppm).

2-Methyl-2-Butene
Inhalation

An OECD 422 combined repeated dose and reproduction/devel opmentd toxicity study was
conducted in Sprague Dawley rats (Huntingdon Life Sciences Ltd, 2003€). In this sudy a satellite
group of 12 femdae rats was exposed to 0; 580; 2,000; or 7,000 ppm 2M2B by inhdation for
goproximately 6 hours/day for two weeks prior to breeding, during breeding and through day 19 of
gestation. Maes from the main study (discussed in section 3.1.5) were used to breed these femaes.
The dams were dlowed to deliver their litters, which were retained until lactation Day 4. During the
study, dinica condition, bodyweght, food consumption, estrus cydes, mating performance, litter
data, organ weights, and macrascopic pathology were undertaken.
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Exposure of femae rats for 2 weeks prior to mating and up to day 19 of gestaion did not produce
any evidence of reproductive or developmenta toxicity. The estrus cycle was unaffected by
exposure, and mating performance, fertility indices and gestation 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. Thus, the No Observed Adverse Effect Level (NOAEL) for reproductive/devel opmenta
toxicity was 7,000 ppm.

Pyrolyss C5
Inhalation

An OECD 422 combined repested dose and reproduction/developmentd toxicity study was
conducted in Sprague Dawley rats (Huntingdon Life Sciences Ltd, 2003f). In this study three
groups of 12 femde rats were exposad to 0; 100; 300; or 1,000 ppm Pyrolyss C5s by inhdation
for gpproximately 6 hours/day for two weeks prior to meting, throughout mating and through to day
19 of gedtation. Thefemdeswere dlowed to deliver therr litters and rear their offspring to day 4 of
lactation. During the sudy, dinica condition, bodyweight, food consumption, estrus cycles, mating
performance, litter data, organ weights, and macrascopic pathology were undertaken.

Exposure of femde rats for 2 weeks prior to mating and up to day 19 of gestation did not produce
any evidence of reproductive or developmenta toxicity. There were no treatment-rel ated effectson
edtrus cycles or pre-coitd interva. Mating performance and fertility were unaffected by trestment
with dl but one mae and femae paring resulting in a viable pregnancy. The gestation length was
smiar in dl groups and parturition was unaffected by trestment.

There were no effects on implantation counts or resultant litter Sze at birth and day 4. Post
implantation loss and pup surviva was unaffected by trestment. Pup bodyweight was not adversely
affected. There were no effects on macroscopic examination of pups a day 4 of lactation.

In conclusion, the no effect leve for reproductive/deve opmentd toxicity in this screening study
was 1,000 ppm.

Hydrotreated C5
Inhalation

An OECD 422 comhined repested dose and reproduction/developmenta toxicity study was
conducted in Sprague Dawley rats (Huntingdon Life Sciences, 2003g). In this study, three groups of
twelve femde rats were exposed by inhdation to target concentrations of 0; 1,000; 3,000, or 8,500
ppm Hydrotrested C5sfor 6 hours/day 2 weeks prior to mating, throughout mating and through day
19 of gedtation; their mae partners were the same animals that were being concurrently trested for
the repeated dose toxicity investigations. The femdes were dlowed to ddiver therr litters and rear
ther offspring to day 4 of lactation. During the study, dinical signs, bodyweight, food

consumption, estrus cycles, meting performance, litter data, organ weights and macroscopic
pathology of the reproductive phase femaes were evduated. The study mean anaysed
concentrations of Hydrotrested C5s over the duration of the sudy were 992; 3,033; or 8,502 ppm,
respectively. These levels were in good agreement with the target exposure levels.

Clinicd ggnsinduded sdivation in high-dose femdes (i.e,, 8,502 ppm) during a portion of the
trestment period. No other trestment-related Sgns were noted during the study and there were no
unscheduled desths.

There were no treatment-rel ated effects on the estrus cycles or on the pre-coitd interva. Mating
performance and fertility were unaffected by trestment with dl but one mae and femae pairing
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resulting in pregnancy and birth of aviable litter. The gestation length was smilar in dl groups and
parturition was unaffected by treatment.

There were no adverse effects on implantation counts or resultant litter Sze a birth and day 4. Post
implantation loss and pup surviva was unaffected by treetment. Pup bodyweght was not adversdy

affected. There were no effects on macroscopic examination of pups at day 4 of lactation.
There were no treatment-related effects on organ weight and no macroscopic findings.

In conclusion, based on these results, the no effect level of Hydrotrested C5s for
reproductive/developmentd toxicity in this screening study was a least 8,502 ppm.

Conduson

Isoprene did not produce any maternd or developmentd toxicity in rats. However, both maternd
and developmentd toxicity were evident in mice. In mice, materna weight gain and uterine weight
were sgnificantly reduced a the highest dose (i.e,, 7,000 ppm). Significant reductionsin fetd
bodywe ght were observed at the 280 ppm dose leve for femde fetuses and at the 1,400 ppm leve
for mae fetuses. Thus, in this study, 1,400 ppm was the NOAEL for maternd toxicity. A NOAEL
for developmentd toxicity could not be determined as effects were observed a the lowest exposure
concentration tested, i.e,, 280 ppm. No sgnificant effects were observed after histopathologica
evauations of reproductive organsin rats except dight changes in the testis a the highest exposure
level (7,000 ppm). However, sgnificant effects were observed in mice exposad to isoprene
concentrations of 700 ppm and higher, including increased estrous cyde length and testicular
arophy aswell as decreased epididyma weight. In addition, decreased sperm head count, sperm
concentration, and sperm motility were aso observed.

OECD 422 combined repeated dose and reproduction/developmenta toxicity sudies were
conducted on 2Methyl-2-Butene, and the Pyrolysis C5 and Hydrotrested C5 streams. In dll cases,
exposure of rats to these materias did not produce any evidence of reproductive or developmental
toxicity at any of the doses tested.

Table14. Summary of Reproductive Toxicity Data for the C5 Non-cyclics Category

CASRN and Test OECD Test NOAEL

Substance Name | Organism Guiddine Exposure-Related Effects (ppm)
78795 Rat Mdnick, 1994 | Interditid cdl hyperplesa
|soprene (26 weeks) /adenoma of the testis 220

. Decreased sperm head
78795 Mouse Né?glv?l(ed(l?zl count, perm concentration 70
|soprene & sperm motility; increased
estrous cydo length

513-359 No exposurerelated effects
2-Methyl-2-Butene Ret 42 were observed 7000
68476-55-1 No exposure related effects
Pyrolyss C5 Rat 4z were observed 1,000
68602-79-9 No exposure related effects
Hydrotrested C5 Rat 4z were observed 8502
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Table15. Summary of Developmental Toxicity Data for the C5 Non-cyclics Category

CASRNand Test OECD Test NOAEL

SubstanceName | Organism |  Guiddine Exposure-Related Effects (ppm)
78795 Rat NTP, 1989 No exposure related effects 7000
|soprene were observed
78795 Sgnificant reductionin fetd
I Mouse NTP, 1989 | body weight a lowest dose NE*
oprene

tested

513-359 No exposure related effects
2-Methy-2-Butene Ret 42 obsarved 7000
68476-55-1 No exposure related effects
PyrolysisC5 Ret 42 observed 1,000
68602-79-9 No trestment-related effects
Hydrotreated C5 Rat 4z observed 8502

* NE not established

4.2 Assessment Summary for Human Health

All members of the C5 Non-cyclics Category are expected to have alow order of acute toxicity.
Isoprene and 2M 2B have been shown to have alow order of acute toxicity in animas by both the
ord and inhdaion routes of exposure. In addition, 2M2B was shown to have alow order of acute
toxicity by the dermd route of exposure.

Based upon read-across to 2M2B, dl members of the C5 Non-cyclics Category would be expected
to be mildly irritating to the skin and nonvirriteting to eyes. None of the materidsin this category
have been tested for respiratory tract sensory irritetion potentia .

Repesated dose studies have been conducted on two mgor components (isoprene and 2M2B) and
two complex streams (Pyrolyss C5s and Hydr otrested C5s streams) from the C5 Non-cyclics
Category. However, it isisoprene that has been studied most extensively. The repested dose studies
conducted by the Nationa Toxicology Program (NTP) with isoprene demondirate clear species
differences betweenrats and mice in susceptibility to isoprene. For example, there were no
observable toxicologica effects at any dose following the 2week repeated dose exposureto rats. In
contrast, expaosure of mice to isoprene for 2 weeks induced changes in hematologicd parameters,
body and organ weights and produced microscopic lesonsin certain tissues a levels aslow as 438
ppm. Smilaly, in the 13-week study, no toxicologicd effects were evident in rats exposed up to
7,000 ppm isoprene for 13 weeks. Conversdly, hematologica and histopathologica changes were
observed in mice a exposures of 700 ppm and higher. This 13-week repeated dose inhdation study
confirmed the species difference between rats and mice in susceptibility to isoprene. Again, in the
26-week repeated dose Sudy, there were no trestment related mortdity, bodyweight changes nor
laboratory findingsin rats. The only trestment related effect was an increased incidence and
severity of interditia cdl hyperplasia of the testis a 7,000 ppm (highest doss) compared with
contrals. However, this lesion which was seenin dl recovery groups aso occurred a ahigh
incidence in the controls and there was no concentration related trend. In mice exposed to isoprene
for 26 weeks, there was reduced survivd & the high dose from 18 weeks onwards. Mice exposed
for 26 weeks and dlowed to recover with no exposure for an additiond 26 weeks showed evidence
of spind cord degeneration. After 26 weeks of exposure, spind cord degeneration was evident only
in mice exposed to 7,000 ppm. However, in recovery group animas after afurther 26 weeks
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without exposure, spind cord degeneration occurred with a satisticaly sgnificant increased
incidence above contral in mice exposad to 70 ppm and above. In the chronic inhaation study (i.e,
80 weeks) conducted in mice, no dinicd Sgnsof  toxicity were seen other than those associated
with tumor development. Of note, in sharp contrast to what was observed in the 26-week studly,
there was no evidence of spina cord degeneration in mice in the chronic 80-week study. This
discrepancy was further evauated in 2001 when Dr. Robert Garman, a veterinary pathologis,
conducted a neuropathology review of the dides from the 26-week repeat dose sudy in mice. This
review confirmed the presence of minima to mild degenerative changes within the sections of
spind cord from mice in the highest dose group, i.e., 7,000 ppm thet had been necropsed
immediately after the Sx month exposure period. However, no significant differences werefound
between the appearance of the spina cord sections from the mice in the O ppm; 70 ppm; 220 ppm;
and 7,000 ppm groups that were necropsed immediatdly after the sx month recovery period. This
review supports the likelihood of recovery of the mice from the mild degenerative lesons found
immediatdy after the Sx month isoprene exposure. Confirmetion of thisfinding by the NTPis ill
pending.

2-Methyl-2-butene was tested in a 28-day repeated dose Sudy in rats. Although some generd
effects were observed in this study, these effects were dight and were most gpparent in those
animals exposad to the highest dosg, i.e,, 7,000 ppm), and to alesser extent to those exposed to
2,000 ppm.

The Pyrolysis C5 stream was aso tested in a 28-day repested dose study in rats at concentrations up
to 1,000 ppm. No generd systemic effects were observed during the routine clinical examination or
in the functional obsarvationd bettery. Sight histopathologica changes were observed in the livers
of the high dose rats Inthe mderats, however, higher kidney weights and incidence of cortica
tubules with hydine droplets were apparent in dl trestment groups. High dose maes aso showed
associated kidney lesions. No pathologica changes were gpparent in the kidneys of treated females.
The kidney effects obsarved in mderatsis awel studied phenomenon known as™ light

hydrocarbon nephropathy.” This phenomenon has been extensvely evduated by the US
Environmenta Protection Agency (EPA). The EPA has determined that"light hydrocarbon
nephropathy” isamale rat specific phenomenon and has no relevance for human risk assessment.

The Hydrotreated C5 stream was tested in a 28-day repeated dose study in rats at concentrations up
to 8,502 ppm. Other than lethargy and increased sdivation observed in the high dose animdss, i.e,
8,502 ppm, no other treetment-related clinica signswere noted. In addition, no trestment-rel ated
changes were obsarved in maotor activity or in the functiona observationd battery. No macroscopic
changes were noted in any of the animals. However, maeratsin dl trestment groups again showed
evidence of "light hydrocarbon nephropathy.” Other effects included some minima changesin the
livers of high dose mde rats, some atrophy/disorganization d the olfactory epithelium in the nesa
turbinates in both high dose maes and femaes aswdl as mid-dose femaes and an increased
incidence of basophilic cortica tubulesin dl mae exposure groups, and in the femae mid and high
dose groups compared to the air control groups.

Both in vitroand in vivo mutagenicity studies have been conducted on the mgor components and
two complex streams from the C5 Non-cydics Category including isoprene, 2methyl-2-butene,
Pyrolysis C5s stream, and Hydrotrested C5s stream. |soprene, 2methyl-2-butene, Pyrolyss Css
stream, and Hydrotrested C5s stream were not genotoxic in any of the in vitro assays conducted.
However, both isoprene and 2M 2B produced positive responsesin vivo. Exposure of B6C3F1 mice
to isoprene resulted in a saidticaly significant increase in Sster chromatid exchanges and bone
marrow micronucle. However, isoprene did not produce an increase in micronucleated lung
fibroblasts in exposed F344 rds.

2M2B was dso mutagenic a high exposure concertrations (at exposures grester than 3,207 ppm
(9,199 mg/n?’) when tested in vivo for its ability to induce micronudei in bone marrow
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polychromatic erythrocytes (PCEs) in both mice and rats. The Pyrolyss C5s and Hydrotrested C5s
Streams were not mutagenic either in vitro or in vivo. The Pyrolysis C5s stream contained 18%
isoprene and 3% 2M B2 while the Hydrotrested C5 stream contained 8% 2MB2 and 7% 1,3
butadiene. Results from these two mixed streams suggest thet complex streams containing less than
21% isoprene and 2MB2 combined would not likely be mutagenic. Streams containing substantialy
higher amounts of isoprene and/or 2M B2, such as, the 1soprene Concentrate and perhaps the

| soprene-Piperylene Concentrate, while untested, may have potentia for mutagenic activity inthe
mouse micronucleus assay.

Chronic carcinogenicity studies have only been conducted with isoprene. In these sudiesthereis
clear evidence of carcinogenicity of isoprenein mice. Isoprene produced exposure-related increases
in the inddence of maignant neoplasmsin the liver, lung, Harderian gland and forestomach of

mice, aswell asincreasesin the number of hemangiosarcomas and higtiocytic sarcomas. In rets, on
the other hand, there were no significant increases in the incidence of maignant tumors. In rats
isoprene exposures were associated with increases in the rates of benign tumorsin the testes and
kidney (male) and mammary gland (mde and femae). Although single incidences of severd rare
brain neoplasms were observed in femde rats, the fact that they were of severd distinct cdll types,
makesit difficult to determine if they are truly exposure related. Of note, due to the high probaility
that the toxicities seen for isoprene-exposed rodents derive from the formation of digpoxides, and
the fact that the mouse has been shown to produce much higher amounts of diepoxide than therat,
the best predictive modd for human hedth would be the species that exhibits the greatest Smilarity
to metabolic dteration of thischemicd, i.e, therat.

No guiddline reproductive studies have been conducted with isoprene. However, histopathology of
the reproductive organs was evauated in 13- and 26-week repeated dose inhaation studies
conducted in F344 rats and B6C3F1 mice at target concentrations up to 7,000 ppm for 6 hours/day,
5 daysiweek for 13 weeks (Mdnick et al., 1994). Sperm matility and vagind cytology evauaions
were dso performed on dl rats and mice exposed to O; 70; 700; or 7,000 ppm of isoprene in the 13-
week study. No trestment-related effects were observed in rats exposed to isoprene for 13 weeks.
Following 26 weeks of exposure, the only effect in rats was an increase in the incidence and relaive
Severity of interditid cdl hyperplasaof the testisin the 7,000 ppm group. Following the 26 week
recovery period, the incidence of interdtitia cell adenomawas dightly gregter in mae rats exposed
to 700 ppm or higher. Thus, 220 ppm was selected asthe NOAEL for reproductive toxicity in rats.
In mice, significant effects were obsarved a 700 ppm or higher, induding increased estrous cycle
length and testicular atrophy, decreased epididyma weight, Soerm head count, sperm concentration,
and sperm moatility. Thus, 70 ppm was determined to be the NOAEL for reproductive effectsin
mice.

A developmentd toxicity study was conducted with isoprene in both rats and mice. In this sudy,
isoprene did not produce any maternd or developmentd toxicity in rats. However, both maternd
and developmentd toxicity were evident in mice. In mice, maternd weight gain and uterine weight
were sgnificantly reduced a the highest dose (i.e., 7,000 ppm). Significant reductionsin fetd
bodyweight were observed at the 280 ppm dose leve for femde fetuses and at the 1,400 ppm leve
for male fetuses. Thus, in this sudy, 1,400 ppm was the NOAEL for maternd toxicity. A NOAEL
for developmentd toxicity could not be determined as effects were observed et the lowest exposure
concentration tested (280 ppm).

OECD 422 combined repested dose and reproductiorn/devel opmentd toxicity sudieswere
conducted on 2M 2B and the Pyrolysis C5 and Hydrotreated C5 streams. In dl cases, exposure of
ratsto these maerids did not produce any evidence of reproductive or deve opmentd toxicity at
any of the doses tested.

Insummary, the above isoprene studies demongirate a clear species difference between rats and
mice with repect to both reproductive and developmenta toxicity with the mouse being the more
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sengtive species. This species difference is thought to be due primarily to differencesin the rates of
formation and/or deactivation of the biologica active digpoxide, with the mouse producing higher
levels. Species comparisons suggest thet the rat is amore gppropriate modd for predicting human
risk. Based on these findings, the C5 Non-cydlics Category streams, in particular those with low
isoprene content, are considered as having minima potentia to produce reproductive and
developmentd effects.

This human hedth assessment for the C5 Noncyclics Category has beenbased upon data that
include consderable attention towards the most active component (isoprene) of the streams. This
mogt active status was assigned based upon the fact thet it isadiolefin, it isknown to resultin a
metabalite thet is highly mutagenic (a digpoxide), and thet is exhibits higher toxicity than other
sreams, particularly in the mouse. As the mixed streams Pyrolysis C5s and Hydrotreated C5s (with
lesser amounts of isoprene but greeter levels of other category components) were dso teted, it is
highly likely that the toxicities and environmenta effects for the category are encompassed within
the reported database and assessment.

5 HAZARDSTO THE ENVIRONMENT

51 Aquatic Toxicity

The aguatic toxicity of sreamsin this category is expected to fadl within ardatively narrow range
regardless of their compaosition. Thisis expected because the condtituent chemicals of these sreams
are neutrd organic hydrocarbons whose toxic mode of action is non-polar narcoss (Ramoset al.,
1998). Thetoxic mechanism of short-term toxicity for these chemicasis disruption of biologica
membrane function (Van Wezd, 1995), and the differences between toxicities (i.e., LC/LLso,
EC/EL 50) can be explained by the differences between the target tissue-partitioning behavior of
individua congtituent chemicds (Verbruggen et al., 2000).

The exiging fish toxicity database for hydrophobic, neutral organic chemicds, which compose the
sreamsin this category, supports a critica body residue (CBR) for these chemicds between
goproximately 2 to 8 mmol/kg fish (wet weight) (McCarty et al., 1991; McCarty and Mackay,
1993). The CBR istheinterna concentration of atoxicant that causes mortality. When normaized
to lipid content for mogt organiams, the CBR is gpproximatey 50 umal/g of lipid (Di Toroet al.,
2000). Therefore, only hydrocarbon streams with components of sufficient water solubility, such
that their molar sum in solution is high enough to produce atotd partitioning to the organism of
goproximately 50 umoal d hydrocarbon per gram of lipid will demondrate lethdlity.

Fish, invertebrate, and dgatoxicity data are available for two different complex streams, Pyrolyss
C5s and Hydrotreated C5s, and two pure substances, isoprene and 2-methyl-2-butene. These data
were gpplied to characterize the remaining untested streams in this category (Table 16). The 96-
hour LGso results for rainbow trout range between 5.0 to 8.4 mg/L. The 48-hour EGs, resultsfor a
daphnid range between 3.0 to 5.8 mg/L. The 96-hour EGs, results based on biomass and growth rate
for agreen dgarange from 10.1 to >35.2 mg/l, while the 96-hour NOEC results based on biomass
and growth rate range between 1.7 to 13.1 mg/L.
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Table16. Summary of Aquatic Toxicity Data for Chemical Congtituents and Substancesin
the C5 Non-cyclics Category

. - Alga Toxicity
(g'fgorThox'gﬁg s Invertebrate Toxicity | (Pseudokirchneriella
CASRN and m kiynss) (Daphniamagna) subcapitata)
Substance Name gehgur LC 48-hour ECsg 96-hour ECsp;
%0 (mg/L) 96-hour NOEC
(mg/L) (mg/L)
78795 74 58 35552 tg’
Isoprene (HLS, 2003) (HLS, 2003K) (HL S éObSI)
513-35.9 50 38 12;?} 3%
2-Methyl-2-Butene (HLS, 2004a) (HLS 2004b) (HLS L )
68476-55-1 8.4 4.7 113;3 3;2?
PyrolyssC5s (HLS 2004d) (HLS, 2004e) (HLS ’20'04f)
>25.1b; 12.1b
63602-79-9 53 30 2511+ 13.1r
Hydrotrested C5s (HLS, 2004g) (HLS 2004h) (HLS, 2004)
bbiomass
r growth rate
HLSHuntingdon Life SciencesLtd.

Although the isoprene 96-hour ECso results for growth rate did not establish an effect concentration,
a concentration gpproximately equivdent to the results for biomass, 155 mg/L, would be expected.
This is supported by results from the Pyrolyss C5s dream that can contan as much as 25%
isoprene (Table 2). This dream demondrated effect concentrations for both endpoints ranging
between 11.7 and 184 mg/L. The Hydrotreated C5s stream did not establish effect concentrations
for both biomass and growth rate. However, the NOEC vaues for both endpoints weae established
and where in-line with the NOEC vaues for the other substances. An estimate of the ECso ranges
for biomass and growth reate for the Hydrotresied C5s stream is 10.1 to 155 and 132 to 184 mg/l,
repectively, which is based on the data for isoprene, 2-methyl2-butene, and the Pyrolyss Cbs
sream. Although the Hydrotrested Cbs sream has been identified as containing 2% isoprene and
11% 2-methyt2-butene, it has severd condituents in common with the Pyrolyss Cbs stream (Table
2). The inadlity for dga tesing to conagently identify both the ECGsy and NOEC results for
chemicd condituents and subgtances in this category is a function of the difficulty in working with
maerids tha are volatile and have rddivey low water solubility, as wel as the need to work in
test systems that are closed with exposure solutions that cannot be renewed as can be accomplished
in the fish and dgphnid acute test systems.

52 Assessment Summary for the Environment

Reaults of distribution modding show thet streamsin the C5 Non-cydics Category will partition
primarily to the air compartment, with a negligible amount partitioning to water. Although
condiituents have amoderate degree of water solubility, wet deposition of category condiituentsis
not likdy to play asgnificant role in their atmaospheric fate because they rapidly photodegrade.
Volatilisation to the air will contribute to the rgpid loss of category condituents from agueous and
terregtrid habitats. In the air, these condtituents have the potentid to rapidly degrade through
indirect photolytic processes mediated primarily by hydroxyl radicas with caculated degradation
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half-lives ranging from 1.2 to 31.8 hours, depending on hydroxyl radica concentration. Aqueous
photolys's and hydrolysis will not contribute to the transformation of category condituentsin
aquatic environments because they are either poorly or not susceptible to these reections.

Streams and pure chemicasin this category are subject to biodegradative processes. Streams ad
condiituents in this category exhibited awide range of biodegradability under andard testing
procedures, 7 to 61% biodegradation after 28 days. However, the data show that category streams
that exhibit lower extents of biodegradation after 28 days can exhibit high extents and rgpid retes of
biodegradation (>60%) once acclimation occurs. One of the pure chemicals tested, isoprene, which
represents one of the category streams and is otherwise found at various concentrationsin most of
the complex streams, biodegraded to an extent of goproximately 60% in 18 days. Overdl, the
streams from this category are expected to degrade rapidly in the environment from a combination
of physica and biologica processes.

Aqudtic toxicity dataexist for two different canplex sreams and two pure substancesin this
category. The two complex streams combined contain condtituents shared by the remainder of the
Sreams within this category, and therefore judtifies their use to characterize the potentid effects of
the untested streams. This gpplication of read-across datais further supported by data for two pure
substances (aso condtituents of most of the Streams in this category), which demongtrated effect
vaues within or very smilar to the range of vaues for the complex substances.

The 96-hour LGso for Oncorhynchus mykiss (rainbow trout) is 5.0 to 8.4 mg/L. The48-hour EG5o
for Daphniamagna is3.0t0 5.8 mg/L. The 96-hour EGs for Pseudokirchneriella subcapitata
(green dga) based on biomass and growth rateis 10.1 to 15.5 and 13.2 to 184 mg/l, respectively.
The 96-hour NOEC based on biomass and growth rateis 1.7 to 12.1 and 6.0 to 13.1 mg/L,

respectively.

The aguatic toxicity data suggest thet the streamsiin this category will exhibit a moderate order of
toxicity. Mast notably, because category congtituents possess limited potentia to accumulate in
agueous media, the toxicity of category streams towards aguatic speciesis consdered aminima
risk factor in the overd| safety assessment of this category.

6 DATA SUMMARY

Physicochemicd, environmenta fate and effects, and human hedlth datathat characterize the 10
greamsin the C5 Non-cyclics Category are summarized in Tables 17 and 18. CASRNs are
asociated with sreams as follows:

Pyrolysis C5s

- 63476551

Hydrotreated C5s

- 68602-79-9
- 68410979

- 68603-009
Pentenes
- 68476551
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- 68527-11-7
- 68608032

Piperylene Concentrate

- 63477-350

- e4742-832

I soprene Concentrate

- 68514-39-6

- 6476437

- 78795

| soprene-Piperylene Concentrate
- 63514-39-6

- 63476551

I soprene, High Purity

- 78795

| soprene Purification Byproduct
- 63606-36-0

- 63476551
2-Methyl-2-Butene

- 513359

M etathesis Byproduct

- 63606-29-1
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Table17. Physico-Chemical and Environmental Data Used to Characterize Streamsand CAS RNsin the C5 Non-cyclics Category

C5 Non-cyclics Category Streamsand CASRNs

(half-life, hrs) (c)

Pyrolysis Hydrotreated Piperylene |soprene I.soprene Metathesis Isppren'e Isoprene, 2-Methyl-
Pentenes Piperylene Purification High
Cbs Cb5s Concentrate Concentrate Byproduct - 2-Butene
. Concentrate Byproduct Purity
Endpoint
68476-55-1,
68476-43-7, 68602-79-9, 68476-55-1, 68514-39-6,
68527195, | 68410979, | 6352717, | oT0 | eared3r, | o0 | egaoeoeq | B000KD 78795 | si3359
68603-00-9, 68603-00-9 68603-03-2 78795
68956:55-8
1 Tl
'\R";gg%fg)'”t / 1168.5t0-105.5 (m) -1459(m) | -1337 (m)
Boiling Point*/ 25.0t056.5 235t052.0
o 235t056.5 (m 34.0(m 385(m
Range (°C) (m) (m) (m) (m (m)
Vapor Pressure*/ 733 E2 6.24 E2
585E2(m 823E2(m 585E2t0823 E2 (M
Range (nP) (m) m) m) (m) (m)
Log P,*/ 319t03.25 264t04.21
Range (m) (m) 2.64t04.21(m) 2.42(m) 2.67 (m)
Water Solubility*/
49.8t04235(m 3386 (M 206.1 (m
Renge (mglL) (m) (m) (m)
Diredt Direct photolysiswill not contribute to degradation
Photodegradation P y 9
Indirect (OH-)
Photodegradation* 12t031.8(9) 1.2(m) 15(m)

Hydrolysis Hydrolysiswill not contribute to degradation
o >90.%% partitionsto air
Distribution* <0.1% partitions to water

* Congtituent chemicals used to define selected endpoints except for the |soprene, High Purity, and 2-M ethyl-2-Butene streams include: cis-Butene-2, cis-Pentene-2, 3-Methyl-1-
Butene, 1,4-Pentadiene, |sopentare, | soprene, n-Pentane, 2-M ethy-2-Butene, Cyclopentene

(m) Measured vaues

(8 Atmospheric half-life values are based on a12-hr day
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Tablel7. Continued

C5 Non-cyclics Category Streamsand CASRNs
Pyrolysis Hydrotreated Piperylene |soprene I.soprene Metathesis Ispp'ren.e Isoprene, 2-Methyl-
Pentenes Piperylene Purification ) ;
Cb5s Cb5s Concentrate Concentrate Byproduct High Rurity 2-Butene
. Concentrate Byproduct
Endpoint
68476-55-1,
68476-43-7, 68602-79-9, 68476-55-1, 68514-39-6,
68527195, | 68410979, | 6852717, | oT0 | eare43r, | S0 | egesoe1 | 2000300 | 78795 513-359
68603-00-9, 68603-00-9 68603-03-2 78795
68956-55-8
Biodegradation 112 70t011.2
(% after 28 days) 70 65.4¢ 7.010 65.4¢ 60.9+ o
96-hr Fish LCy,
84 53 50t084 7.4%* 5.0%*
(mglL)
48-hr Invertebrate
47 30 30t058 5.8%* 3.8*
ECso (MglL)
96+r Alga 11.7b 101101550 10110 155b 15.50+ 101b++
ECy (molL) 18.4r 2 13210184r Iy 1320+
96-hr Alga 3.3b 12.1b 17t012.1b 1.7p** 3.6b**
NOEC (mg/L) 7.8r 13.1r 6.0to0 13.1r 6.0r** 7.2r%*
* % biodegradation after 56 days
b biomass
r growthrate

** Datadeveloped on the pure chemical (i.e,, isoprene or 2-methyl-2-buene) and not a stream sample
*** A range of vaues based on read-across from studies in this category is used to characterize the growth rate endpoint because the study did not establish an effect

concentration.
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Table 18. Human Health Data Summary Used to Characterize Streams and CAS RNsin the C5 Non-cyclics Category

Human Health Data for C5 Non-cyclics Category Streams (CASRNS)
. . I . | I )
Pyrolysis Hydrotreated Piperylene |soprene Soprene Metathesis soprene SOprene 2-Methyl-
cs cs Pentenes c trat c trat Piperylene Bvorodudt Purification High >-But
Endpoint S S oncentrate oncentrale | concentrate yprodu Byproduct Purity -butene
68476-55-1,
68476-43-7, 68602-79-9, 68476-55-1, . 68514-39-6, 3606
68527-19-5, 68410-97-9, 68527-11-7, %172%2% 68476-43-7, 2174(:}3;95;61 68606-29-1 %84763565-% 78795 513-359
68603-00-9, 68603-00-9 68603-03-2 78795
68956-55-8
Acute Toxicity LCo > 61.000 borm* LCso= LCyo>
(rat) s0> 61,000 ppm 646201 61,000 ppm
ppm
- LC50 = LC5O =
Acute Toxicity L Cso = 56,363 ppm* 56,363 56,363
(mouse) .
ppm ppm
Mildly
irritating to
Irritation Mildly irritating to skin, norvirritating to eyes* skin, non-
irritating to
eyes
Repeat Dose NOAEL = NOAEL = _ " NOAEL = | NOAEL =
Toxicity (rat) 300 ppm <992 ppm NOAEL =300to 992 ppm 2,200 ppm 580 ppm
Mutagenicity . . . . .
Ames Assay Negative* Negative Negetive* Negative Negative
Mutagenicity
Mouse Negative* Negdtive Negative* Positive* Negative* Positive Positive
Micronucleus

* Based on read-across data from other members of the category
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Table18. Continued

Human Health Data for C5 Non-cyclics Category Streams (CASRNS)

Pyrolysis

Hydrotreated

| soprene

| soprene

| soprene,

Piperylene |soprene : Metathesis A : 2-Methyl-
Pentenes Piperylene Purification High
Endpaint C5s C5s Concentrate Concentrate Concentrate Byproduct Byproduct Purity 2-Butene
68476-55-1,
68476-43-7, 68602-79-9, 68476-55-1, . 68514-39-6, 3606
68527-19-5, 68410-97-9, 68527-11-7, %172%2()2 68476-43-7, 3174;;95;61 68606-29-1 %84763565-01’ 78795 513-35-9
68603-00-9, 68603-00-9 68603-03-2 78795
68956-55-8
Reproductive NOAEL = NOAEL = _ . NOAEL = | NOAEL =
Toxicity (rat) 1,000 ppm 8,502 ppm NOAEL = 1,000 8,502 ppm 220 ppm 7,000 ppm
Devel opmental NOAEL = NOAEL = _ " NOAEL = | NOAEL =
Toxicity (rat) 1,000 ppm 8,502 ppm NOAEL = 1,000 8,502 ppm 7,000 ppm | 7,000 ppm

* Based on read-across data from other members of the category
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APPENDIX |
ETHYLENE PROCESS DESCRIPTION

A. Ethylene Process
1. Steam Cracking

Steam cracking is the predominant process used to produce ethylene. Various hydrocarbon
feedstocks are usad in the production of ethylene by steam cracking, including ethane, propane,
butane, and liquid petroleum fractions such as condersate, naphtha, and gas oils. The feedstocks are
normally saturated hydrocarbons but may contain minor amounts of unsaturates. These feedstocks
are charged to the coils of acracking furnace. Hest is trandferred through the metd wadls of the
cails to the feedstock from hot flue gas, which is generated by combustion of fuds in the furnace
firebox. The outlet of the cracking coail is usudly maintained a relatively low pressure in order to
obtain good yidds to the desired streams. Steam is ds0 added to the coil and serves as adiluent to
improveyidds and to control coke formation. This step of the ethylene processis commonly

referred to as* steam cracking” or smply “cracking” and the furnaces are frequently referred to as
“crackers’.

Subjecting the feedstocks to high temperatures in this manner results in the partid conversion of the
feedstock to olefins. In the smplest example, feedstock ethane is partidly converted to ethylene and
hydrogen. Smilarly, propane, butane, or the hydrocarbon compounds thet are associated with the
liquid feedstocks are dso converted to ethylene. Other valuable hydrocarbon streams are dso
formed, including other olefins, diolefins, aromatics, paraffins, and lesser amounts of acetylenes.
These other hydrocarbon streams include compounds with two or more carbon (C) atoms per
moleculg, i.e,, C2, C3, C4, etc. Propane and propylene are examples of C3 hydrocarbons and
benzene, hexene, and cyclohexane are examples of C6 hydrocarbons.

2. Refinery Gas Separation

Ethylene and propylene are dso produced by separation of these olefins streams, such as from the
light ends product of acataytic cracking process. This separaion issmilar to that used in stleam
crackers, and in some cases both refinery gas streams and steam cracking furnace effluents are
combined and processed in a gngle finishing section. These refinery gas Sreams differ from
cracked gasin that the refinery streams have amuch narrower carbon number distribution,
predominantly C2 and/or C3. Thus the finishing of these refinery gas streamsyieds primary
ethylene and ethane, and/or propylene and propane.

B. Products of the Ethylene Process

The intermediate stream that exits the cracking furnaces (i.e., the furnace effluent) is forwarded to
the finishing section of the ethylene plant. The furnace effluent is commonly referred to as "cracked
gas' and congsts of amixture of hydrogen, methane, and various hydrocarbon compounds with two
or more carbon atoms per molecule (C2+). The relative amount of each component in the cracked
gas varies depending on what feedstocks are cracked and cracking process variables. Cracked gas
may aso contain relatively smal concentrations of organic sulfur compounds that were present in
the feedstock or were added to the feedstock to control coke formation. The cracked gas Streamis
cooled, compressed and then separated into the individua streams of the ethylene process. These
sreams can be sold commercidly and/or put into further steps of the process to produce additiond
materids. In some ethylene processes, aliquid fud oil product is produced when the cracked gesiis
initialy cooled. The ethylene processis a closed process and the products are contained in
pressurized systems.

Thefind products of the ethylene process include hydr ogen, methane (frequently used asfud), and

the high purity products ethylene and propylene. Other products of the ethylene process are
typicaly mixed sreamsthat are isolated by didtillation according to boiling point ranges. Itisa
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subset of these mixed streams that make up the congtituents of the C5 Noncyclics Category.
Categories sponsored by the Olefins Pand of the American Chemidtry Coundil arelisted in Teble
19,

Table19. HPV Program Categories Sponsored by the Olefins Pand of the American
Chemistry Council

Category

Number Category Name

Crude Butadiene C4
Low 1,3-Butadiene C4
C5 Non-cyclics

Propylene Streams

High Benzene Naphthas

Low Benzene Naphthas

789 Resin Oils & Cydodiene Dimer Concentrates
10 Fud Qils

11 Pyrolyss C3+ and Pyrolyss C4+

ol Al W[N] PF

The chemica process operations that are associated with the process streamsin the C5 Non-cydlics
Category are shown in Figure 3
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Figure 3. C5 Non-cyclics Process Streams Flow Diagram from the Ethylene Manufacturing
Process Unit
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