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EXECUTIVE SUMMARY

Solutia Inc. voluntarily submits the following Category Justification,
Screening Information Data (Robust Summaries) and Test Plan for review
under the Environmental Protection Agency’s High Production Volume
(HPV) Chemicals Challenge Program. The Category, entitled “ Polyphenyls
(3- & 4-Phenyl Rings)” consists of two members, Terphenyls, Mixed (CAS
No. 26140-60-3), and Quaterphenyls (CAS No. 29036-02-0), each
consisting of multiple isomers. This Category is justified on the basis of
chemical structure smilarity, aswell as smilarity of basic screening data, as
provided in an initial assessment of physico-chemical properties,
environmenta fate and human and environmental effects.

A substantial amount of data exists to evauate the potential hazards
associated with this Category of chemicals. Use of key studies available
from data already developed, derived from recommended estimation models,
or use of “read-across’ methods collectively provide adequate support to
characterize most Endpoints in the HPV Chemicals Challenge Program.
Some additional testing is recommended to compl ete the assessment of
members within this Category.
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TEST PLAN FOR POLYPHENYLS (3- & 4-Phenyl Rings)

l. INTRODUCTION AND IDENTIFICATION OF CATEGORY
MEMBERS

Under EPA’s High Production Volume (HPV) Chemicds Challenge Program,
SolutiaInc. has committed to voluntarily compile basic screening data on two members
from the same structura family of aromatic hydrocarbons, namely Terphenyls, Mixed
(CAS no. 26140-60-3) and Quaterphenyls (CAS no. 29036-02-0). SolutiaInc. believes
that a Category of Polyphenyls (3- & 4-Phenyl Rings) is gppropriate for this review and
isscientificaly judtifiable. While the HPV processis based on specific chemicds as
identified by CAS number, the members nominated for this Category are, in actudity,
mixtures of 3- and 4-phenyl ring structures, respectfully. Further, the products tested for
each Category member contain some 3-ring moieties and some 4-ring components;
however, each product test article is predominated by isomeric forms synonymous with
their chemical name, i.e. Terphenyls, Mixed contains a preponderance of m-terphenyl, p-
terphenyl and o-terphenyl isomers with smal amounts of quaterphenyls while
Quaterphenyls contains a high percentage of 4-phenyl ring quaterphenylswith small
amounts of 3-ring terphenyls.

The data included in this Category involve physicochemica properties, environmenta

fate, and human and environmentd effects of the two members for which Solutia has
volunteered in this Category, as defined by the Organization for Economic Cooperation
and Development (OECD). However, as each member is a mixture we have dso
provided available data on the mgor components (ortho-, meta- and para-) of Mixed
Terphenyl isomers as surrogates in our data assessment program. No information has
been located on isolated Quaterphenyl isomers. Individua Robust Summaries have been
assembled for each referenced Terphenyl component, as well as each of the two Category
members nominated.

The information provided comes from exigting data found in the scientific literature or
developed on behaf of Solutialnc., or its predecessor Monsanto Co. or from
recommended esimation modds. This submisson fulfills Solutig sinitid obligation to
the HPV Challenge Program for these two chemicals,



A. Structure and Nomenclature

The members of thisfamily of Polyphenyls (3- & 4-phenyl rings) include the following

o

a. Terphenyls, Mixed-
CAS No. 26140-60-3
CA Index Name: Terphenyl (8Cl, 9ClI)
Synonyms. Benzene, diphenyl-; Benzene, [biphenyl]yl-;
Diphenylbenzene; Terbenzene; Triphenyl; Santowax R; Therminol 83;
Santowax CST; Therminol 75; MCS-1980; Santowax MP, Santowax OM;
CP 75052

2 (DL Ph)

b. Quaterphenyls
CAS No. 29036-02-0
CA Index Name: Quaterphenyl (7Cl, 9CI)
Synonyms. Quaterbenzene, Santotar 9; Santowax Q



The following Surrogate Chemicals have been used as an ad in this assessment to
evauate the Mixed Terphenyl group, asthey are primary components of that substance.

Ph

X

Ph

c. ortho-Terphenyl
CAS No. 100-00-5
CA Index Name: 1,1:2',1"-Terphenyl (9Cl)
Synonyms. o-Terphenyl (8Cl); 1,1'-Biphenyl, 2-phenyl-; 1,2-
Diphenylbenzene

Ph

X

d. metaTerphenyl
CAS No. 92-06-8
CA Index Name: 1,1":3,1"-Terphenyl (9Cl)
Synonyms. m-Terphenyl (8Cl); 1,1-Biphenyl, 3-phenyl-; 1,3-
Diphenylbenzene; 1,3-Terphenyl; 3-Phenyl-1,1'-biphenyl; m
Diphenylbenzene; m-Triphenyl;

L

Ph

Ph

Ph

e. paraTephenyl
CASNo. 92-94-4
CA Index Name: 1,1":4',1"-Terphenyl (9Cl)
Synonyms. p-Terphenyl (8Cl); 1,1-Biphenyl, 4-phenyl-; 1,4-
Diphenylbenzene; 4-Phenylbiphenyl; p- Diphenylbenzene, p-
Triphenyl;



B. Manufacturing & Use

Members of the Polyphenyl (3- & 4-Phenyl Rings) Category, Mixed Terphenyls and
Quaterphenyls are products originating from the same chemical manufacturing process.
A polyphenyl stream congsting primarily of four or less aromatic ringsis manufactured
a asgngle US manufacturing Ste in an essentially closed, continuous process. This
polyphenyl stream is processed through varying degrees of physica separation into
commercia products which are either sold directly or used as site limited intermediates
for further chemical reaction to manufacture other products. Nowhere in the process are
100 % mixed terphenyls or 100 % quaterphenylsisolated. All products manufactured
and used astest articles for the studies described in this Test Plan, are combinations of
terphenyls and quaterphenyls. Solutia does not isolate nor sdll any of the individud
terphenyl isomers (ortho-, meta- or para-) or any of the individua Quaterphenyl isomers
in other than small volume, research or product development quantities.

Solutia Inc. historicaly has marketed three products from this singular process. One
product, sold under the tradenames SANTOWAX R ® and THERMINOL 88 ® contains
ahigh (81:17) Mixed Terphenyl:Quaterphenyl ratio. A second product, sold as
THERMINOL 75® (also known as MCS-1980 during earlier product development)
possesses alower (62:34) Terphenyls.Quaterphenyl ratio, athough Mixed Terphenyls

are dill the predominant chemica species. Both Mixed Terphenyl products are
predominantly mixtures of meta- and para-terphenyl isomers, with only very smal

amounts (< 10%) of the ortho- isomer present. A third product, sold as SANTOTAR 9 ®
or SANTOWAX Q ® conggts primarily (90% Quaterphenyls. 10% Terphenyls) of

Quaterphenyls.

A TLV ® of 50 mg/n? (ceiling) has been established for Terphenyls (ACGIH, 2002) in
order to protect againgt possible ocular, derma, and respiratory tract irritation; human
responses to terphenyls have been characterized as “reatively low” with no adverse
effects detected in awork force except irritation (Beard and Noe, 1982). Only afew
employees are involved in the manufacturing operation and have minima potentia for
skin or airborne exposure, which occurs chiefly during materid transfer operations.
Specific manufacturing procedures and practices have been established to minimize
occupationd exposure potentid, especidly asthese materids are handled under high
temperature conditions which could cause therma burns.

Whileindividud terphenyl isomers have reportedly been used as solvents or even
consumer products, no such uses are known to pertain to the mixed isomer products
currently sold by Solutia. Essentidly al of Solutia's current commercia products
containing Mixed Terphenyls and Quaterphenyls are used as heat storage and transfer
agentsin closed sysemsin theindudtria setting. Loss to the atmosphere or from nor:
POTW agueous streams during manufacturing or processing is minimal and only by



accident. Hence, very limited occupationd or environmental exposure is expected to
occur.

1. CATEGORY JUSTIFICATION

For purposes of the HPV Challenge Program, EPA has provided guidance asto the
definition and justifications to be used in selection of a chemica Category (US EPA,
1999¢). The definition states that a chemical Category should be “a group of
chemicals whose physicochemica and toxicologica properties are likely to be smilar
or follow aregular pattern as aresult of structura amilarity”. Solutia Inc. has opted
to form the Polyphenyl (3- & 4-Phenyl Rings) Category with this guidance in mind.

Common Structure

Each of the two chemica substances selected for incluson in this category isa
mixture of aromatic hydrocarbons containing 3 and 4 benzene rings, repectively.
The products formed during manufacturing are separate streams originaing from the
same manufacturing process. Each product which served as atest article in the data
presented in this Test Plan is one of mixed chemicas containing varying amounts of
differing isomeric forms of the two base chemicds: terphenyls (polyphenyls with 3
open phenyl rings) and quaterphenyls (polyphenyls with 4 open phenyl rings). The
difference between the Mixed Terphenyls streams and the Quaterphenyls stream lies
in the amount of isomeric forms of the terphenyl components versus the amount and
isomeric forms of quaterphenyls found within each substance. Mixed Terphenyls
contain higher levels of 3-ring moieties (generdly in the 60-90% range) and lesser 4-
ring structures (10-30%) while other Quaterphenyls contain high levels (80-90%) of
4-ring structures and lower (10-20%) levels of 3-ring moieties. Throughout this Test
Pan the terms*“ Mixed Terphenyls’ and “ Quaterphenyls’ will refer to these
commercia mixtures rather than to the chemicals as described by the specific CAS
numbers (unless otherwise noted). Hence, both entities within this Category are of
common structure.

Common Functiona Groups

Each of these Polyphenyls are aromatic hydrocarbons containing a mixture of either
3 or 4 noncondensed benzene rings without any additiona functiona congtituents
added. The position (either ortho to, metato, or para to each other) of thering
placement of the secondary or tertiary benzene ringsisthe only structurd difference
between the various isomers.

Smilar or even Identical Properties or Hazards

While there are subgtantive differences in the physicochemica properties of the
individua terphenyl and quaterphenyl isomers, the mixed isomeric forms are less
didinctive. Ther physica form ranges from crumbly, partialy waxy-like to
completely waxy at room temperature. Increased molecular weights of the 4-phenyl
ring quaterphenyls renders grester waxiness, lower volatility and higher boiling




points. Other parameters are milar, but not identical. A summary of available
physicochemica data can be found in Table 3.

Environmenta Fate data are summarized in Table 4. Whether measured or estimated,
there appears close agreement in each of the HPV Endpoints recorded for members of
this Category, asthey dl possess qualities reflective of their condensed ring

structures.

Comparative aguatic toxicity of the members of this Category can be found in Table
5. Asshown, asimilar degree of toxicity has been observed across the multiple test
speciesincluded in this dataset.

Table 6 summarizes the comparative mamméian toxicity of these chemicas.
Comparative review indicates asimilar degree of toxicity between both Category
members for al endpoints.

Thus, smilaritiesin the degree of toxicity and the extensive compar ative data
sets presented for the Mixed Terphenyls and the Quater phenyls support use of a
Category approach for these chemicals.

[1l.  TEST PLAN RATIONALE

The information obtained and included to support this Test Plan has come from either
1) internal studies conducted by/or for Solutialnc. (or its predecessor Monsanto Co.),
2) has been extracted from the scientific literature either as primary references or as
found in wel-accepted, peer-reviewed reference books, or 3) were estimated using
environmental models accepted by the US EPA (1999b) for such purposes. This
initial assessment includes information on physcochemica properties, environmenta
fate, and human and environmenta effects associated with each of the two Mixed
Terphenyls products sold by Solutia as well as the commercid Quaterphenyls product
of this Category. The data used to support this program include those Endpoints
identified by the US EPA (1998); key studies have been identified for each Endpoint
and summarized in Robust Summary form and included in Section VII of thisdosser.
Thus, we have consolidated test results from both Mixed Terphenyl products into one
Robust Summary and have generated a second Robust Summary to include data on
Quaterphenyls. Asthese substances are, themsalves, mixtures of isomeric forms, we
have chosen to develop separate Robust Summary data packages for each of the three
Terphenyl isomers (ortho, meta, and para) as Surrogates. Information available on
these Surrogates has been used as Supplementa to support existing data needs
through “read across’ or further corroborate data developed on Mixed Terphenyls.

All Environmental, Ecotoxicity and Mammdian Toxicity studies were reviewed and
assessed for reliability according to sandards specified by Klimisch et al (1997), as
recommended by the US EPA (1999a). Thefollowing criteriawere used for
codification:
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1. Reiablewithout Redtriction - Includes studies which comply with US EPA
and/or OECD-accepted testing guideines, which were conducted using Good
Laboratory Practices (GLPs) and for which test parameters are complete and well
documented,

2. Rdiablewith Redriction — Includes studies which were conducted according to
nationd/internationd testing guidance and are well documented. May include
studies conducted prior to establishment of testing standards or GLPs but mest the
test parameters and data documentation of subsequent guidance; aso includes
studies with test parameters which are well documented and scientificdly vaid
but vary dightly from current testing guidance. Also included were physica-
chemical property data obtained from reference handbooks as well as
environmental endpoint values obtained from an accepted method of estimation
(i.e. EPIWIN).

3. Not Rdiable — Includes sudies in which there are interferences in either the study
design or results that provide scientific uncertainty or where documentation is
insufficient.

4. Not Assignable — This designation is used in this dosser for studies which appear
scientificdly vaid but for which insufficient informetion is avallable to
adequately judge robustness.

Those sudies receiving aKlimisch rating of 1 or 2 are considered adequate to
support data assessment needsin this Dossier. Those key studies selected for
inclusion are consdered typica of the Endpoint responses observed in other sudies
of asmilar nature and design, which were identified during our search of the
literature.

IV. TEST PLAN SUMMARIES AND CONCLUSIONS

The referenced available data for each Category member has been placed in an
Endpoint-goecific matrix and summarized individualy in Table 1 (Mixed Terphenyls)
and Table 2 (Quaterphenyls). Generdly, data exists for each Category Member to
evaduate its potential hazards in this screening level assessment. Where an HPV
Endpoint has been identified as untested, the need for testing has been assessed (1)
with the understanding that these chemicas behave in a similar and/or predictable
manner, and (2) by interpolation (i.e. Read-Across technique) between datafrom
other key studies aready available either with the mixture or from a Surrogate. Thus,
we have used preexisting data, where possible, to support our assessment of potential
hazards of the chemicasin this Category and avoid the unnecessary testing of
additiona laboratory animals.

Conclusion: Nearly all HPV Endpoints have been satisfied for the Mixed
Terphenylsand Quater phenylswith data from studiesthat were either well

10
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documented, used OECD guiddine methods and conducted in accord with
GLPs, or were estimated from acceptable estimation modeling programs. Use of
the“Read Across’ technique was employed to support a limited number of
Quater phenyl Endpoints. No HPV Endpoint data was identified for assessment
of the Reproductive Toxicity for either Category member. Hence, a single
Reproductive Toxicity Screen (OECD 421) is proposed with Mixed Terphenyls.
Theuse of the“read across’ technique to assess Quater phenylsfor this
Endpoint is planned, to avoid the unnecessary testing of animals.

Physical-chemical property vdues- Physcochemica vduesfor nearly dl
Endpoints were obtained for commercidly available Mixed Terphenyls and
Quaterphenyls. Thus, these vaues were given a classfication of “2-Reliable with
regtrictions’. Where no vaues were found, estimates have been made for Mixed
Terphenyls and Quaterphenyls from accepted modds. Use of these modelsto
estimate other physico-chemical properties provided good concordance with known
vauesfor individud Mixed Terphenylsisomers. Thus, they have been given a
classfication of “2-Rediable with redtrictions’.

Environmental Fate vaues describing Transport (Fugacity) and Photodegradation
for Mixed Terphenyls and Quaterphenyls were obtained usng a computer esimation
—modeling program (EPIWIN, 2002) recommended by EPA and classfied as*“ 2-
Rdiable with restrictions’. Biodegradation data for each of the Category members
were characterized in well documented studies and conducted in adesign Smilar to
OECD test #302 guidance. These sudiesthus are classified as* 2-Rdidblewith
regtrictions’. No Stability in Water (hydrolyss) data were found for either Mixed
Terphenyls or Quaterphenyls. Based on their chemica structure, it can be reasonably
expected that both Mixed Terphenyls and Quaterphenyls are resstant to hydrolyss,
thus, additiona testing is unwarranted.

Ecotoxicity — Acute Fish, Invertebrate and Plant (Algal) Toxicity Endpoints for
Mixed Terphenyls have been fulfilled with studies that were conducted according to
US EPA test guidance consstent with OECD test guiddines. All studies were well
documented and were designated “ 2- Reliable with redtrictions’. An Acute
Invertebrate Toxicity study, also designated as “ 2-Relidble with restrictions’ has been
included for Quaterphenyls. The Acute Fish and Alga Toxicity Endpoints for
Quaterphenyls are fulfilled using the * Read Across’ method of data evauation to that
developed for Mixed Terphenyls, as no fully reliable studies were found in these two
areas. Utility of this methodology is strengthened by comparative use of estimation
modedling data for Mixed Terphenyls and individud Terphenyl isomers.

Mammalian Toxicity Endpoints, including Acute Toxicity, Repested Dose Toxicity,
Ames Mutagenicity and Chromosomd Aberration Testing for Mixed Terphenyls
have been fulfilled by way of tests that either conformed directly to OECD test

11
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guidance or followed test designs sufficient to assess toxicity. Thus, they have been
designated either “1- Rdiable without restriction” or “2-Reliable with redrictions’.

An adequately conducted (“2-Reigble with redtrictions’) Acute Toxicity sudy has
been conducted with Quaterphenyls from which asimilar order of toxicity is observed
as seen with Mixed Terphenyls. No Ames or Cytogenetics Mutagenicity studies or
Repeated Dose Toxicity were identified for Quaterphenyls. However, based on
gructurd smilarity and composition of Mixed Terphenyls tested for these endpoints,
these Endpoints for Quaterphenyls have been filled using the “ Read Across’
technique for data assessment.

No adequately conducted study has been identified to assess reproductive toxicity for
either Mixed Terphenyls or Quaterphenyls. Thus, we propose to conduct an OECD
421 Reproductive/Developmentd Toxicity screen for Mixed Terphenyls and utilize
“Read Across’ methods for Quaterphenyl evauation, thus minimizing the number of
animalsto be tested.

Basad on the conclusions as outlined above on HPV Endpoint assessment, following
isatabular depiction of data availability and testing recommendations for Mixed
Terphenyls (Table 1) and Quaterphenyls (Table 2).

Table 1. Test Plan Matrix for Mixed Terphenyls

OECD

Other
Study

Edimat.
Method

Accept-
Able?

Testing

Recomm.

PHYSICAL
CHEMICAL

Melting Point

Bailing Poirt

Vapor Pressure

Partition Coefficient

Water Solubility

<| <|<|=<|=<

2 Z|1Z2Z2|2

2|22 2|2

<| <|<|=<|=<

2 Z|1Z2Z2|12

<|=<|=<|<|=<

2|22 2|2

ENVIRONMENTAL
FATE ENDPOINTS

Photodegradation

Z

pd

Z

<

Stability in Water

Biodegradation

Transport between
Environmentd
Compartments

(Fugeaity)

<|<|z|=<

<|=<|=<|=<

21222

ECOTOXICITY
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Acute Toxicity to
Fish

Acute Toxicity to
Aquatic Invertebrates

Acute Toxicity to
Aquatic Plants

<

Z

<

<

Z

pd

MAMMALIAN
TOXICITY

Acute Toxicity

Repeated Dose
Toxicity

Gendtic Toxicity —
Mutation (Ames)

Genetic Toxicity —
Chromosoma
Aberations

< =<| =<|=<

< =<| z|<

< <| z|<

< =<| z|<

Z Z2 Z|Z2

< <| <<

Z Z| Z|Z2

Reproductive
Toxicity

N

N

Y

Y =Yes; N = No; C = Read-Across from Isomers (o-, m-, and p-);

goplicable

Table 2. Test Plan Matrix for Quarterphenyls

- = Not

OECD

Edimat.
Method

Accept-
Able?

Testing

Recomm.

PHYSICAL
CHEMICAL

Médting Point

Boiling Poirt

Vapor Pressure

Partition Coefficient

Water Solubility

<|<|=<|=<|=<

Z|Z2|Z2|Z2|2

<|'|1Z2|Z|Z2

<[ [=<|=<|=<

Z|<ZZ|Z2

<|=<|<|<|=<

2122|122

ENVIRONMENTAL
FATE ENDPOINTS

Photodegradation

<

Sability in Water

Biodegradation

<|<|z|<

Transport between
Environmentd
Compartments

(Fugeaity)

Z|<

<|<|=<|=<

212|122

ECOTOXICITY

13
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Acute Toxicity to N - - C Y Y N
Fish

Acute Toxicity to Y Y Y N Y Y N
Aquatic Invertebrates

Acute Toxicity to N - - C Y Y N
Aquatic Plants

MAMMALIAN
TOXICITY

Acute Toxicity

Repeated Dose
Toxicity

Gendtic Toxicity —
Mutation (Ames)

Zl Z Z|<
o o oz
< <| <<
zl z|l z|z

Genetic Toxicity —
Chromosoma
Aberations

Reproductive N - - - - N C
Toxicity

Y =Yes N =No; R =Reputable Reference; ; - = Not gpplicable
C = Read-Across from available data or new testing on Mixed Terphenyls

V. Data Set Summaries and Evauations

The key studies used in this assessment to fulfill the HPV requirements for Mixed
Terphenyls and Quaterphenyls have been placed in an Endpoint-specific matrix, and
further discussed below. Additiondly, we have provided reference to Smilar studies
conducted with one or more component isomeric forms, which have been included in
the discussons below. Robust Summaries for each study referenced, whether it be
for the Mixed isomer component or the individua isomers, can be found in Section
VII of thisdosser.

A. Chemical/Physical Properties

Measured vaues are available for most of the Physical-Chemical properties associated
with Solutia’ s Mixed Terphenyls commercid products and can befound in Table 3. A
caculated vaue, using an EPA recommended methodology, for each Endpoint has been
included for comparative purposes and confirms good agreement between calculated and
messured values. Thus, these values are considered “ 2- Religble with redtrictions’. In
most cases, measured values, obtained from either reputable references or from internd
studies, have aso been obtained for each of the 3 terphenyl isomers predominant in
Mixed Terphenyls. Visua ingpection of these vaues provides corroborating support for

14
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vaues provided for Mixed Terphenyls. A Robust Summary has been prepared for each
of the references included in Table 3.

Similar to the Mixed Terphenyls, measured physica-chemica properties have been
located for Solutia s Quaterphenyls commercia product. Additiondly, we have provided
vaues for each physica-chemica Endpoint using estimation modds recommended by
EPA and that were used to derive vaues for Mixed Terphenyls and itsisomers. Where
measured data are not available, it is reasonable to assume that moddl s providing accurate
vauesfor 3-phenyl ring compounds (terphenyls) would aso provide smilarly useful
vaues for 4-phenyl ring compounds (the quaterphenyls). Hence, these estimations also
are considered “ 2-Rdiable with regtrictions’ and fulfill the data needs for Quaterphenyls.

In summary, Mixed Terphenyls and Quaterphenyls are solid, waxy-like entities at room
temperature and possess exceedingly low vapor pressures. Waxiness, and hence Boiling
and Mdlting Point, increase as vapor pressure decreases even further with the addition of
another phenyl ring (between terphenyls and quaterphenyls) and as molecular weight
increases. Mixed Terphenyls have ardatively high measured partition coefficient which
isquite Imilar to its estimated vaue; as expected, Quaterphenyls have an even higher
caculated vaue. All water solubility vaues, for Mixed Terphenyls, itsisomeric
components and the Quaterphenyls, establish this category of chemicas as possessng
very low (< 0.1 ppm) water solubility.

Conclusion: Sufficient data existsto characterize the Physical-Chemical properties
of the Mixed Ter phenylsand Quater phenyls. Measured values wer e corroborated
by comparing estimated and measured values and then were compar ed to smilar
values obtained for each of the 3 isomeric formsof Terphenylsfound in Mixed
Terphenyls. Thus, all HPV data requirements for this Endpoint have been met and
no further data collection is planned.

15
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Table 3. Sdlected Physical Properties of Polyphenyls (3- & 4-Phenyl Rings)

and Surrogates
Chemica Boiling Melting Vapor Water Partition
Pt. (°C) Pt.(°C) Pressure Solubility Coeffient
(hPa@25°C) | (mg/L) (Log Kow)
Mixed Terphenyls
CAS No. 26140-60-3 376deg. C 210.1 deg. 0.00000412 0.215 mg/L 5.52
(calculated) | C. (calculated) (calculated) (calculated)
(calculated)

SANTOWAX R®

Mixed Terphenyls 364 145 0.11 5.21

(81% Terphenyls; (calculated)

17% Quater phenyls)

THERMINOL 75®

Mixed Terphenyls 343 76 0.0000081 0.151 6.03

(62% Terphenyls; 34 5;]6 e

% Quater phenyls) (calculated)

o- Terphenyl

CASNo. 84-15-1 (measurec)
552
(calculated)

mTerphenyl

(Surrogate) 363 87 0.0000233 151 552

CAS No. 92-06-8 (calculated)

p- Terphenyl 6.03

(Surrogate) 376 210.1 0.000000456 0.0018 (measured)

CASNo. 92-94-4 (calculated) 552
(cdculated)

Quater phenyls 481.2 184.1 0.0000000023 | 0.0068 7.28

CAS No. 29036-02-0 | (calculated) | (calculated) | (calculated) (calculated) (calculated)

SANTOTAR9®

Quater phenyls > 420 200 0.002

(90% Quaterphenyls,
10% Terphenyls)

Category members embol dened type; Surrogate chemicalsin normal type.

C. Environmenta Fate and Biodegradation

Shake-flask Ultimate Biodegradability studies have been conducted to assessthe
biodegradation potentia of Mixed Terphenyls and Quaterphenyls; they have been

summarized in the Robust Summary section of this Dossier and cited in Table 4 below.

While each study was conducted prior to inception of standardized internationa

guiddines for Biodegradability testing and GLPs, they followed smilar sandards for
conduct subsequently codified into OECD guideine 302 and GL P documentation. Thus,
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they are each considered “ 2- Rdiable with redtrictions’. A Semi-Continuous Activated
Sudge (SCAYS) assay with Mixed Terphenylsisdso included asit was well documented
and thus dso considered “2-Reliable with redtrictions’. For comparative purposes,
amilar Shake Hask sudies and a River Die Away study with the three terphenyl isomers
are provided as supplementd information and summarized in Section VII. Studies
confirm that Mixed Terphenyls and Quaterphenyls undergo very dow biodegradetion.

A single, comparative study of the photochemica reactions associated with each of the
three terphenyl isomers has been summarized in the Robust Summary section of this
dossier. This study hes been classified as “ 2- Reliable with redtrictions’, asit provides
useful Supplementd information, appears well conducted, but did not conform to
codified OECD guiddines. Comparative vaues have been included in Table4. No
photodegradation testing was found for Mixed Terphenyls. However, based on the
limited photodegradation exhibited by each of these terphenyl isomers, little appreciable
photodegradation of the Mixed Terphenylsis expected to occur. Based on a“Read
Across’ approach using these results from its predominant isomers, this HPV Endpoint
for Mixed Terphenylsis consdered adequate. AOPWIN modeling for this
Photodegradation Endpoint has also been included for comparative purposes and has
been coded as “ 2-Reliable with redrictions’.

Estimation of photolysis of Quaterphenyls through use of amodd similar to that
employed for Mixed Terphenyls dso indicateslittle, if any, likelihood of photolyss.

This study is aso considered “ 2- Religble with redtrictions’. Based on mode estimation
and gructura smilarity to Mixed Terphenyls, there would appear to be no need to further
edtablish this Endpoint experimentally.

We have incorporated the use of an estimation model (EPIWIN, 2002) for determination
of Transport Between Environmental Compartments (Fugacity), for Mixed Terphenyls
and Quaterphenyls, as well as the terphenyl surrogate isomers. A Fugecity Leve 1
moded was used in each case, and employed measured values, where possible, as
recommended by the US EPA. Thus, the estimations derived from each of these modds
have been classfied as “2-Rdiable with redtrictions’. These estimates have also been
included in Table 4 and are cited in the Robust Summary section of this Dosser; data
entries used in the Levd 111 fugacity modd have been included in the Robust Summaries
for vaidation of output.

No vaues have been identified to define the Stability in Water (hydrolyss) of any of
these Polyphenyls. Further no such vaues could be caculated usng EPIWIN (2002) as
each chemicd has only aromatic rings and no functiond groups, and thus form Structures
which are listed in Lyman et d. (1990) as “Generdly Resistant to Hydrolyss’. Thus,
“[t]esting for Stability in Water is not needed for substances generdly recognized to have
molecuar structures or possess only functional groups that are generdly known to be
resstant to hydrolysis’ (OECD, 2002).

Conclusion: Sufficient information existsto char acterize the Environmental Fate

and Biodegradation of each of these Polyphenyls. Where experimental data do not
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exist, employing “ Read Across’ techniques or using an estimation model (AOPWIN
and EPIWIN) recommended by EPA provided necessary information; in one case
(hydrolysis) therational lack of need for testing has already been recognized. Thus,
all HPV data requirementsfor these Endpoints are met and no further data
collection is planned.

To summarize, this Category of chemicals would not be expected to normaly enter the
aguatic environment, as the products which contain these chemicas are not intended to
be discharged to the environment. However, their limited entry could be envisoned after
incidenta spills and equipment leskage. Thus, the Environmenta fate of these
Polyphenyls, based on Fugacity modeling of the members of this Category, is expected to
be focused primarily in the soil and sediment as main environmenta target

compartments. None of these chemicalsis readily hydrolysable, al have exceedingly
low water solubility characterigtics, and would be expected to undergo limited photolysis
in the environment. As part of the soil or sediment, these chemicals are expected to
extensvedy degrade. In soil sudies with Mixed Terphenyls, extensve biological
degradation occurred in soils sudies with T 3#ves ranging betwee n 8-12 weeks.
Additiondly, rapid primary biodegradation of the two most water-soluble Terphenyl
isomers occurred in River Die Away tests, once acclimation ensued.
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Table 4. Comparison of Environmental Fate Endpoints for Category

Members
Chemica Biodegradation Stability in Photodegradation Fugacity (%)
Rate Water (% Disappeared- 29
days Irradiation)
Mixed Terphenyls Not Air - 1.05%
CAS No. 26140-60-3 susceptible Water- 12.0%
tohydrolysis | Half-life= Soil-  43.8%
27.9hrs Sediment-
(calculated) 43.1%
SANTOWAX R®
Mixed Terphenyls 11.5% Mean | Not
(81% Terphenyls; Disappearancein susceptible
17% Quaterphenyls) SCAS to hydrolysis
THERMINOL 75® 7-10%
. formed-Shake susceptible
0
(()62/0 Terphenyls, 34 Flask Ultimate to hydrolysis
% Quater phenyls) Biodegr adation
o-Ter Not < 8 (measur Air- 129%
Terphenyl 8( ed) i 2%
(Surrogate) 20 % Theoretical susceptibleto | ------ Water- 14.7%
e CO2 formed- hydrolysis Half-life = Sail-  50.9%
CASNo. 84-15-1 Shake Flask 27.9hrs Sediment-33%
Ultimate (calculated)
Biodegradation
m-Terphenyl 38 % Theoretical Not 14 (measured) Air-  087%
(Surrogate) CO2 formed- susceptibleto | ------ Water- 11.8%
AL Shake Flask hydrolysis Hdf-life= Soil- 45 %
CASNo. 92-06-8 Ultimate 20.3 hrs Sediment- 42.4 %
Biodegradation (calculated)
p- Terphenyl Not < 10 (measured) Air- 1.06%
(Surrogate) 10 % Theoretical susceptibleto | ------ Water- 11.7%
O/ CO2 formed in hydrolysis Half-life= Soil-  453%
CASNo. 92-94-4 Shake Flask 27.9hrs Sediment-41.9 %
Ultimate (calculated)
Biodegradation
Quater phenyls Not Air-  0.22%
CAS No. 29036-02-0 susceptible Half-life= Water- 3.47 %
tohydrolysis | 13.8hrs Soil-  32.3%
(calculated) Sediment-64 %
SANTOTAR9® 7 % Theoretical Not
Quaterphenyls CO2formedin susceptible
(90% Quiater phenyls, St|1ake Flask to hydrolysis
| Ultimate
10% Terphenyls) Biodegradation

Category members emboldened type; Surrogate chemicalsin normal type.
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D. Agquatic Toxicity

Experimentd data have been found with Mixed Terphenyls for dl three aquatic toxicity
Endpoints. In each case, awell conducted study, following internationa testing and GLP
guidance has been summarized in Table 5 and further described in the Robust Summary
section of thisdosser. In each case, these studies are considered “ 2- Religble with
redrictions’. Also reported in the Robust Summary section of this dosser are the results
of an Early Lifestage chronic fish sudy with Mixed Terphenyls usng Fathead Minnows,
which has be classfied as“ 1- Reliable without restriction”. The NOEC of 0.037 mg/L
reported in that study is aso consstent with the degree of toxicity exhibited in acute
studies with other aguatic species. Both measured and estimated va ues for acute aquatic
toxicity of each of the three Mixed Terphenylsisomers are dso reported in Table 5.
These values are condstent with vaues obtained for the Mixed Terphenyls products.
This Supplemental data has been summarized in the respective Robust Summary section
of thisdosser.

Experimentd resultsfor dl three pecies compare favoradly with estimated vaues usng
the ECOSAR modd. In dl cases, Mixed Terphenyls exhibit a high degree of aguatic
toxicity.

An acute Daphnia study, considered “2- Reliable with redtrictions’ has been conducted
with Quarterphenyls. It too isindicative of ahigh degree of toxicity, as seen with Mixed
Terphenyls. No acute fish or dgd studies have been located for Quaterphenyls.
However, in as much asthe Invertebrate sudy confirms its high aguatic toxicity
potentid, as does ECOSAR modeling (which gave good congruence between
experimenta and modeled estimates for these endpoints with Mixed Terphenyls) for
acute fish and dgd toxicity, it is concluded that no additiond acute aguatic testing is
needed to confirm the salf evident, that Quaterphenyls possess a degree of aguetic
toxicity Smilar to that observed with Mixed Terphenyls across aquatic species.

Conclusion: Sufficient data existsto characterize the Acute Aquatic Toxicity
properties of each of these Polyphenyl Category members. All HPV data
requirementsfor this Endpoint have been met with acceptable empirical data for
Mixed Terphenyls. We have used accepted, validated estimation models coupled
with experimental data for Quater phenyl to provide information needed such that
no further data collection isrequired for either of these materials.
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Table 5. Comparison of Aquatic toxicity parameters for Category members

and Surrogates
Chemical FishLC50 Chronic Invertebrate (Daphnia) Algae EC50

(mglL) Fish EC50 (mg/L) (48-hr) (mglL)

(96-hr) NOEC (96-hr)

(mg/L)
Mixed
Terphenyls 0.028 0.039 (calculated) 0.031
CASNo (calculated) (calculated)
26140-60-3
SANTOWAX
R ® Mixed 27 (R. trout) 0.27 0.015 (chlor ophyl
Terphenyls a)
0.020 (cell
(81% number)
Terphenyls,
17%
Quater phenyls)
THERMINOL
75® Mixed >0.75 (P. 0.037 0.043 0.103 (cell
Terphenyls promelus) number)
(61%
Terphenyls,
34%
Quater phenyls)
o-Terphenyl
(Surrogate) 0.084 0.045 (measured) 0.088 (calculated)
CAS No. 84-15- | (clculated) 0115mglL
1 ' (calculated)
mTerphenyl
(Surrogate) 0.084 0.022 (measured) 0.088 (calculated)
CAS No. 92-06- | (caicuiaed) 0115 mg/L
8 ' (calculated)
p- Terphenyl
(Surrogate) 0.028 > 5.5 (measured - exceeded 0.031 (calculated)
o4 | (calculated) water solubility)
Z:AS No. 92-94 53 mgL
(calculated)

Quater phenyls >0.069 (measur ed)
CAS No. 0.002 --- 0.003 (cal culated)
29036-02-0 (calculated) 0.004 (calculated)

Category members emboldened type; Surrogate chemicalsin normal type.
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D. Mammdian Toxicity
1.0 Acute Toxicity

Key acute toxicity studies by the oral exposure route for Mixed Terphenyls and
Quaterphenyls are included in Table 6. Each study was conducted specificdly or in
generd agreement with OECD acute toxicity testing guidance and are considered “1-
Reliable without redtriction” and “2-Rdliable with redtrictions’, respectively. The Mixed
Terphenyl study cited was conducted with a 99%:1% Terphenyl-to- Quaterphenyl mixture
which was high in meta- and para- isomers, and low (<1%0) in ortho-terphenyl. Additiona
acute rat ord toxicity studies, conducted with alower ratio of terphenyls-to-
quaterphenyls (61% terphenyls:34% quaterphenyls) have beenincluded in Table 6 and
cited in the Robust Summary section of this dossier.

Acuterat ora LD50 vaues for each of the three terphenyl isomers found in Mixed
Terphenyls were found in the literature (Cornish, Bahor and Ryan, 1962), are reported in
Table 6, and are summarized as Supplementa information in the Robust Summary

section of thisdossier.
Conclusion: Sufficient data from well-documented studies (Acute Oral Toxicity)

exist to meet the Acute Toxicity data set requirementsfor Mixed Terphenylsand
Quater phenyls. Hence, no further acute toxicity testing is planned.
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Table 6. Acute Mammalian Toxicity for Category members

23

Chemical Rat Oral | Repeated M utagenicity Cytogenetics
LD50 Dose (Oral SalmonellaTest
(ma/kg) studies)

SANTOWAX MP®
Mixed Terphenyls | >5:000
CAS No. 26140-60-3
(>99 % Terphenyls)
SANTOWAX OM ® 235-drat
Mixed Terphenyls chronic:
CAS No. 26140-60-3 | 140 235(;7 N
(96 % Terphenyls, 4
% Quater phenyls)
SANTOWAX R® Negative without S-9 Negative-CHO
Mixed Terphenyls TA 1535, 1537, 1538, 98, cell cytogenicity

. 100 and D4 yeast; neg. assay +/- S-9
(8%% Terphenyls; with S9in TA 1535, 1537,
17% Quater phenyls) 1538, 98; pos. TA 100

Negative: +/- S-9
CHO/HGPRT Assay

THERMINOL 75® Negative +/- S-9 Negative: rat

. 100 and D4 yeast marrow in vivo
(61% Terphenyls;
34 % Negative: +/- S-9 =Y
Quater phenyls) CHO/HGPRT Assay
o- Terphenyl 30-d rat:
(Surrogate) 1,900 NOEL=100 | Neg-stranTM667 +/- S
CASNo. 84-15-1 mgkg 9
m:Terphenyl 30drat:
(Surrogate) 2,400 NOEL=100 | Neg-stranTM667 +/- S
CAS No. 92-06-8 mokg o
p- Terphenyl 30-d rat:
(Surrogate) >10,000 | NOEL=250
CAS No. 92-94-4 mgkg
SANTOWAX Q ®
Quater phenyls 5,650
CAS No. 29036-02-0
(95 %
Quaterphenyls, 5%
Terphenyls

Category members emboldened type; Surrogate chemicalsin normal type.
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2.0 Repeated Dose Toxicity

A chronic rat sudy with Mixed Terphenyls has been published in the scientific literature
andiscited in Table 6. While conducted well before development of OECD test
guidelines or GLPs, this study is consdered sufficient to meet this HPV Endpoint, for it
greatly exceeds the minimum duration necessary for congderation and has included most
of the testing endpoints included in those guidelines. Based on the thoroughness of its
design and duration, this study is consdered sufficient to evauate the repeated dose
toxicity of Mixed Terphenyls and thus has been judged as “ 2-Reliable with redtrictions’.

This study used atest materia congsting of 95% Terphenyls and 5% Quaterphenyls. By
comparison, this materia was higher in the ortho-terphenyl isomer content (64% ortho-)
than found in commercid Mixed Terphenyls, which contain <2% ortho-isomer. Based on
30-day orad rat studies conducted with each of the Terphenyl isomers (Table 6), the
ortho-isomer is consdered quantitatively Smilar in toxicity to the meta: terphenyl

isomer; comparatively, the para-isomer appears relatively of lesser toxicity. Effectson
body weight and organ weights were observed after 30-days of treatment with either the
0- or m- isomer and each produced a NOEL of 100 mg/kg day (Table 6). As each of the
commercia Mixed Terphenyls contains sgnificant amounts of meta-isomer (> 55%),
their repeated dose toxicity can be expected to be smilar to that of the material used in
this chronic study.

No repeated dose toxicity studies have been found for Quaterphenyls. However, based on
the smilarity of ructure and physica properties between the Mixed Terphenyls and
Quaterphenyls, asmilarity of biologica response would be anticipated. Thus, rather

than conduct of unnecessary additiona repested dose toxicity testing, use of the “Read
across’ technique has been employed to render the need for smilar testing with

Quaterphenyls unnecessary.

Conclusion:

Based on conduct of an acceptable chronic oral rat study with Mixed Terphenyls
and assessment of 30-day oral rat studieswith each of the three Terphenyl isomers,
the Repeated Dose Toxicity HPV Endpoint for Mixed Terphenylsis complete.
While no studies were found for Quater phenyls, use of “Read across’ for

Quater phenyls negates the need for additional testing for this Endpoint.

3.0 Mutagenicity and Chromosomal Aberrations
AmesTed

Three Ames point mutation studies have been conducted with Mixed Terphenyls. Two
studies were conducted with THERMINOL 75 (61% Terphenyl:36% Quaterphenyl) and
onewith SANTOWAX R (81% Terphenyl:17% Quaterphenyl). All studies conformed to
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OECD Tedt Guiddine 471, athough only one (with THERMINOL 75) was conducted in
accord with GLPs. Thus, the two studies conducted prior to inception of GLPS are
considered “2-Rdiable with restrictions” while the other is consdered “1-Rdligble
without regtriction”. All three studies have been summarized in the Robust Summary of
this dosser. Two studies reported no mutagenic response in any of the 5 Sdmonella
tester strains used, with or without metabolic activation. The third study reported a
positive response only in TA100 with, but not without, metabolic activation. No
mutagenic responses were observed in other SAmonella strains used. Weight-of-evidence
among these three sudies would indicate that Mixed Terphenyls do not elicit a genotoxic
response in thisassay. Further confirmation of alack of Genotoxicity via point mutations
can be found in the results of two mammdian cdl point mutation studies with
THERMINOL 75 and SANTOWAX R. No mutagenic activity was observed in either of
two independently conducted CHO/HGPRT mammalian forward mutation assays
(Solutia, 19844, Solutia, 1986a). Robust Summaries of each of these studies has been
included in this dossier.

No point mutation assays have been found eva uating Quaterphenyls. Using the “Read
Across’ methodology, we believe it appropriate to apply results reported above which
was obtained from testing Mixed Terphenyl fractions containing substantive amounts of
Quaterphenyls.

Conclusion: The Ames Test Category Endpoint for each of the Category members

has been met and no further testing should be considered for the gene point
mutation Endpoint.

Chromosomal Aberrations -

Aninvitro CHO cdl chromosomal aberration study has been conducted with an 81:17
ratio of Terphenyls.Quaterphenyls (SANTOWAX R) following astudy design smilar to
OECD Tedt guiddine 473. The study was well documented and followed GLPs and thus
is considered to be “ 1-Reiable without redtriction”. Additionaly, an in vivo mouse bone
marrow cytogenetics assay has been conducted with a 62:34 ratio of
Terphenyls.Quaterphenyls (THERMINOL 75). It, too, conformsto OECD testing
guidance (guideline no. 475) and is considered “ 1- Reliable without restriction”. These
Sudies have been used to fulfill thisHPV Endpoint for Mixed Terphenyl. Each study has
been referenced in Table 6 and summarized in the Robust Summary section of this
dossier. No evidence of chromosomd aberrations were observed in either study.

No chromosomal aberration studies have been located with Quaterphenyl. Using the
“Read Across’ methodology, we believe it appropriate to apply results reported above
obtained for Quaterphenyls.

Concluson: On thebassof rdiablein vitroand in vivo Chromosomal Aberration

Assays available for Mixed Terphenylsand use of “ Read Across’ for Quaterphenyls
in lieu of unnecessary testing, this HPV Endpoint has been fulfilled.
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5. Reproductive and Developmentd Toxicity

No reliable evduation of reproductive parameters has been found ether in the open
literature or in search of in-house filesfor either Mixed Terphenyls or Quaterphenyls.

Reproductive organs were evauated in a chronic rat study reported for Mixed Terphenyls
in the Repeated Dose section of this dossier. No effects were noted ether in organ
weights or weight ratios or following histopathologica evauation of testes or ovaries
following 235 days of ord exposure up to 350 (mae)/409 (femae) mg/kg/day Mixed
Terphenyls. Smilarly, no effects on rat gonads were reported following 30 days of ord
exposure to m-, p-, or o-terphenyl. Thus, thereis no evidence that Mixed Terphenyls or
Quaterphenyls would be expected to affect reproductive performance.

A snglemousein vitro fertilization sudy with each of the 3 Terphenyl isomers was
found in the literature. Due to deficiencies in design this study has been classified for
reliability as“3- Not religble’. However, it has been included in the Robust Summary
section of each Terphenyl isomer as Supplemental information.

Conclusion: In light of the ambiguity of thein vitro experimental data addressing
the potential of individual Terphenyl isomersto affect reproductive outcome, we are
prepared to conduct a Reproductive/developmental toxicity screen test (OECD 421)
with Mixed Terphenyls. With results obtained from thisstudy, the “Read Across’
technique will be applied to Quater phenyls, in order to minimize the unnecessary
use of additional animals.
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