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l. INTRODUCTION

The U.S. Environmental Protection Agency’s (EPA}idiaal Center for Environmental
Assessment (NCEA) is currently developing a humeadth assessment of trimethylbenzenes
(CAS No. 25551-13-7, 95-63-6, 526-73-8, and 108k 7an the 1990s, IIT Research Institute
performed a 90-day oral gavage toxicity study 8f3-trimethylbenzene (1,3,5-TMB) on the
behalf of Koch Industries, Inc. The results of thidchronic, oral toxicity study were submitted
to EPA in June 1995. The 1995 Koch Industries rep80-Day Oral Gavage Toxicity Study of
1,3,5 Trimethylbenzene in Rats with a Recovery @rois a potential principal or influential
study for the IRIS assessment of trimethylbenzémaisis currently under development.
However, this report has not been subjected taradbpeer review process. Such a peer review
process is important in establishing the appropniess, validity, and robustness of the study
design, conduct, and interpretation of the repaiitetings. The purpose of the requested letter
review is for EPA to receive written comments fromdividual experts.

Versar selected three senior scientists with eigeein the following disciplines to serve as peer
reviewers: (1) neurotoxicology, (2) human healgtk mssessment, and (3) general laboratory
animal toxicology studies

Peer Reviewers:

M. Christopher Newland, Ph.D.
Auburn University
Auburn, Alabama 36849

Carol S. Wood, Ph.D., DABT
Oak Ridge National Laboratory
Oak Ridge, TN 37831

Raymond G. York, Ph.D., DABT, ATS, ERT
R.G. York and Associates, LLC
Manlius, NY 13104
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. CHARGE TO REVIEWERS

The IRIS Program has a strong preference for upe@f-reviewed, published studies as
principal or influential studies. Such a peer rev@ocess is important to establishing the
appropriateness, validity, and robustness of theystlesign, conduct, and interpretation of
findings of the reported investigation. The purpokthe requested peer review is for EPA to
receive comments from individual experts. It is artpnt that selected outside experts evaluate
the accuracy of the content and interpretatiomeffindings presented in this report.

Charge Questions:

1. Study Design Based on your knowledge of toxicological protacqlease comment on the
experimental design of the 90-day oral gavage tiyx&tudy described in the Koch Industries
report.

a. Please comment on any significant issues wéhdst system or test article employed,
controls employed, endpoints recorded, terminat@dares, statistical analyses, and quality
assurance?

b. In consideration of the toxicological properteé#grimethylbenzenes reported in the
provided contextual references (Wiaderna et abD22@Gralewicz and Wiaderna, 2001;
Korsak et al., 2000a, b; Wiaderna et al., 1998jé®vi@z et al., 1997a; Gralewicz et al.,
1997b; Korsak et al., 1997; Korsak and Ry, 1996; Korsak et al., 1995), please
comment on whether there are key physiologicalmiwgical endpoints that should have
been assessed that were not part of the investigati

2. Study Results Please comment on the strength, credibility, @telvance of the
toxicological results of the Koch Industries study.

3. Study Conclusions Please comment on the discussion and conclusidioas of the Koch
Industries report. Were there critical resultsssues that were not addressed? Were there any
contradictory statements or observations made?dDaygree with the final conclusions of the
Koch Industries report?

4. Study Reliability —Describe the reliability of the subject Koch Indiest study for
consideration in the qualitative characterizatibnancancer risk and quantitative derivation of
human health reference doses. Describe any magorgshs or uncertainties with the study
described in this report that might preclude thesmfbeing used as consideration for derivation
of a noncancer reference dose.
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[ll.  INDIVIDUAL REVIEWER COMMENTS
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Peer Review Comments on the 1995 Koch Industriesiity Report:
90-Day Oral Gavage Toxicity Study of 1,3,5-Trimelbgnzene in Rats with a Recovery Group

M. Christopher Newland, Ph.D.
Auburn University

April 22, 2013

|. GENERAL IMPRESSIONS

This 1995 report described a study designed to emathe effects of chronic (90-day) exposure
to a single timethylbenzene compound, 1,3,5-triylednzene (mesitylene). Multiple doses
representing a broad range of exposures were esgbldne study appears to have followed the
design as specified by the sponsor (Koch Indugtassiescribed in the first appendix. The
report is clearly and succinctly written. The effereported in the summary table accurately
reflect the results as presented in the detailgiésaSome minor protocol deviations were
reported, but these are not judged to presentléenha to the overall conclusion and their
reporting is consistent with GLP requirements.

The test compound was analyzed at weekly intethatgighout the study and the actual
concentrations of the corn-oil solution prepareddasing was within 10% of the specified dose.

The purpose of the report is to provide data tgetipa NOEL for mesitylene. While the
summary and conclusions are strictly accurate stiida@ng where there were, and were not,
effects of exposure, the overall design cannot su@pNOEL for human exposure to
mesitylene, in my opinion. There are two princigasons for this conclusion. First, the route of
administration, oral gavage, is not the princiglete of human exposure and relating the oral
route to the inhalation route is difficult undeethbest of circumstances. This difficulty is
compounded by the absence of data relating biomsadéeexposure (e.g., blood concentrations)
between the two routes. The second reason ishtbadftect-markers presented are insensitive to
exposure. There is a substantial peer-reviewedltiee linking trimethylbenzene (including
mesitylene) exposure to functional deficits invatyibehavior, electrophysiology, and
respiratory function. This literature provides sigceevidence that effects are readily detected on
these important functions during chronic, low-leggposure, many effects persist for many
weeks after exposure has ended, and these effgmaraat concentrations below those that
affect body weight gain, important clinical sigh$pod chemistry, or organ weights, markers
used in the Koch Industries report. Thus, the “NOHentified in the report is a “no effect”

level only because insensitive endpoints were itiyated. If more sensitive measures had been
taken then the NOEL would certainly be much lower.

II. RESPONSE TO CHARGE QUESTIONS
1. Study Design - Based on your knowledge of toxicadad) protocols, please comment on the
experimental design of the 90-day oral gavage tayistudy described in the Koch

Industries report.

This was a multi-dose study conducted under GLRdstals with doses ranging from 50 to
600 mg/kg/day, plus a corn-oil control. Dosing vaasomplished daily, five days/week, as a
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single bolus delivered intragastrically. With thed&®y/week dosing regimen there was a two-
day washout period every weekend. The range ofsddiseinclude an exposure level that
produced detectable toxicity using the some ohtle¢hods employed in this study.

The route of administration was oral gavage inmstant volume. This route of
administration is of questionable relevance sinomdmn exposure would be via inhalation.
The absence of blood concentrations, pharmacokidata, or citations to studies containing
such data makes it difficult to compare these dosésose likely to be experienced by
humans.

There were 10 males and 10 females in each grooipoer analysis was provided, so it is
difficult to ascertain whether this was an adeqsaraple size to detect effects of many of
the endpoints used. An additional high-dose (60¢kgiday) group was examined 28 days
after dosing ended in an effort to detect longHtaseffects. The effects detected at the end of
exposure had largely disappeared by this followesp.

A single species, the Sprague Dawley rat, was asedtest subject. The animals were fed a
standard chow diet and purified drinking water. yriaere housed in wire-bottom cages,
which are thought to produce some stress on thmamue to lesions on the bottom of the
feet; these cages are no longer used (at leasbsh academic laboratories).

The storage conditions of the dosing solution vegrecified, except it was not stated whether
it was covered (trimethylbenzenes are volatilegalt probably be assumed that it was
covered and data indicate that an adequate coatientwas always present.

a. Please comment on any significant issues witk test system or test article employed,
controls employed, endpoints recorded, terminal gedures, statistical analyses, and
quality assurance?

The Sprague Dawley rat is a widely used experinhemtael. | cannot comment specifically
on its use in testing laboratories in the 90s Batdw of nothing to suggest that this would be
an inappropriate model. A stronger assessment waaud used multiple species. Terminal
procedures used do not raise any special concerns.

Effects that were reported include increased phaghlevels in the blood, decreased body
weight, increased phosphorus levels in the blo@dotbred inguinal fur, salivation, and
increased liver and kidney weights. These effeeiewot detected in the 28-day post
exposure group, so they are interpreted as beugggible.

Clinical signs, which involve subjective judgmengtre apparently not conducted by an
observer blind to treatment, so the possibilityt thias appeared by knowing an animal’s
dose group cannot be ruled out conclusively.

Statistical analyses were conducted using ANOVAofeéd by Dunnett’s tests to determine
which dose was effective. It is not clear whethanbett’s tests were conducted routinely or
whether they were conducted only following a staiddly significant main effect on the
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ANOVA. This is an important issue since routinebnducting Dunnett’s tests will
undermine the protection against false positivéyge 1 error”) provided by the ANOVA.
Statistically significant results are shown onlyaaserisks in the tables or narrative
statements: no F tests or degrees of freedom avedpd.

Apparently no statistical analysis was conductethengualitative clinical observations or
pathology. The narrative notes that 18 males an@rhales from the high-dose group
showed discolored inguinal fur. Since there werg @0 males and 10 females in this group,
one must conclude that some animals showed digmbfar on more than one observation,
and this is confirmed in the data tables. Whileséheesults are not confirmed with a
statistical assessment, | do not dispute theirlagian that this effect was seen only in the
high-dose groups. There was no mention of the proldf multiple comparisons, but this is
unlikely to be a concern since the effects werdined to the high-dose group, which would
be expected. There was no power analysis and ntiveasontrol for most endpoints so the
ability of this overall test system to detect knogifects is difficult to ascertain.

b. In consideration of the toxicological propertied trimethylbenzenes reported in the
provided contextual references (Wiaderna et al.020Gralewicz and Wiaderna, 2001,
Korsak et al., 2000a, b; Wiaderna et al., 1998; (&waicz et al., 1997a; Gralewicz et al.,
1997b; Korsak et al., 1997; Korsak and Rydski, 1996; Korsak et al., 1995), please
comment on whether there are key physiological/tmtbgical endpoints that should have
been assessed that were not part of the investgati

A series of studies conducted by scientists aiNthier Institute of Occupational Medicine
has been published in peer-reviewed journals indkieology literature. These provide a
comprehensive neurotoxicological profile of thramethylbenzenes, including mesitylene,
when administered by inhalation. The other two #tinylbenzenes examined were
pseudocumene (1,2,4-trimethylbenzene) and hemieradli(1,2,3-trimethylbenzene).

The exposure levels used in these studies didmdupe changes in food consumption, body
weight, body weight gain, and lethality, and noraes were reported on “toxicologically
significant” clinical signs. Specific effects onrfdiscoloration are unknown since this was
not mentioned explicitly. The effects of acute, duonic (30 day), chronic (90 day), and
post chronic (one to two months after chronic exsppgnded) were assessed. Therefore,
effects of acute and chronic exposure, as wellrasarsible effects of chronic exposure,
were described. Several functional domains, indganotor (rotarod), pain sensitivity (paw-
lick latency on a hot plate), overall activity, cotive (radial arm maze and passive/active
avoidance), electrophysiological (EEG), and res$pisaendpoints were examined.

A broad range of effects were noted on severaltional domains with the

trimethylbenzenes. Mesitylene was examined in sdmenot all of these studies. The three
trimethylbenzenes differed somewhat in potencytheteffects profile was generally similar
for these three compounds. Therefore, it is posslbdw reasonable general inferences about
mesitylene from the effects seen with the othertivoethylbenzenes.

Overall, these three trimethylbenzenes alteredadtperformance, impaired passive and
active avoidance, produced deficits on the rotaaod, caused significant respiratory effects.
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There were effects, though less consistently, dratarm maze performance. Many of these
effects were irreversible when tested one to twottmafter exposure ended. As noted
(Korsak and Rydzynski, 1996), trimethylbenzeneisdity resembles that of other organic
solvents such as toluene, but it is more potemt tbluene. This is of interest here because
the extensive literature on toluene suggests thet enore refined behavioral tests detect
effects of inhaled toluene at concentrations thatsanilar to those reported here, or even
lower. This is important because it suggests tafNOEL or LOEL for trimethylbenzenes
might even be lower than in these peer-reviewediasuvith more advanced testing.

In these studies, mesitylene in particular produbedollowing effects:

Deficits on rotarod after acute exposure (EC50 3 96m) (Korsak and Rydzynski,
1996).

Deficit on hotplate after acute exposure (EC50 £21@pm) (Korsak and Rydzynski,
1996).

Decreased respiration rate after acute exposurBqEG19 ppm)(Korsak et al.,
1997).

Passive avoidance after 30 day exposure to 25 apdhhigher concentrations
(Wiaderna et al., 2002).

Diminished pain sensitivity after 30 day exposuard®0 ppm (Wiaderna et al., 2002).

Changes in open field activity 25 days after 4 vgegfkexposure to 100 ppm
(Gralewicz and Wiaderna, 2001).

Deficits in passive avoidance 39 to 40 days afteedks of exposure to 100 ppm
(Gralewicz and Wiadera, 2001)

Decreased pain sensitivity 50 to 51 days after ékwef exposure to 100 ppm.
(Graleeicz and Wiaderna, 2001)

Impaired acquisition of active avoidance 54 to &9gdafter 4 weeks of exposure to
100 ppm. (Graleeicz and Wiaderna, 2001)

These studies are difficult to compare directlyjhwifie Koch report because of differences in
the dosing regimen and, in particular, the routexgfosure, but some points can be noted:

The exposure levels used in the Nofer Institutdisgidid not change body weight or
body weight gain; yet consistent and reproduciffieces were detected in functional
domains, including behavioral, electrophysiologieald respiratory endpoints.

The route of administration in the Nofer Institgtedies is more directly relevant to
human exposure than that used in the Koch study.
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* The route of administration used in the Nofer bus# studies likely produces a fairly
stable blood concentration throughout exposureyedsethe oral gavage studies used
in the Koch study would likely produce a brief, hilglood concentration followed
quickly by a return to baseline levels. This infere is not based on data provide in
any of the studies reviewed but instead is baseal general understanding of the
pharmacokinetics following inhalation or gavage adstration of organic solvents.

2. Study Results Please comment on the strength, credibility, anderance of the
toxicological results of the Koch Industries study.

The Koch Industries study appears to have been etmniby conducted and the conclusions
are supported by the data presented. Howevergtbeance of the results to an evaluation of
human exposure is highly questionable. This is ieedhe route of administration is likely
to produce a kinetic profile that is quite differé&mom the chronic, low-level exposure
experienced by humans. In addition, the toxicolalgemdpoints selected for study are
generally insensitive ones. No relevant behavioeslpiratory, or electrophysiological
endpoints were examined. The pathology tests paddrwere generally of a gross nature so
would be unlikely to detect effects of chronic Idéewel exposure.

3. Study Conclusions - Please comment on the discussind conclusion sections of the
Koch Industries report. Were there critical results issues that were not addressed? Were
there any contradictory statements or observationade? Do you agree with the final
conclusions of the Koch Industries report?

The discussion was strictly limited to the resolishe study and the discussion described the
results accurately. It did not identify limitatioeach as the absence of a power analysis or
the statistical analysis of the qualitative endfiithere was no attempt to link these results
to a broader (and extensive) literature on othgamic solvents. In fairness, it must be noted
that there was little literature on trimethylbenegmt the time that this study was conducted,
so it would have been difficult to relate the stushgler review to a broader literature on
trimethylbenzenes in particular. However, there aagxtensive literature on other organic
solvents that could have been used for comparison.

| cannot disagree with the narrow conclusion thate is a NOEL of 200 mg/kg based
narrowly on the studies reported. However, if end{gomore pertinent to human health and
a more relevant dosing regimen were employed, kla@mvery confident that a lower NOEL
would have been detected.

In addition, the statistical analysis employed amdrall strategy relies on the detection of a
NOAEL. As has been noted many times, this appraaohquestionable value because an
experiment can easily be designed to produce a NO#AEmMaking it underpowered (using
too few subjects) or by using insensitive endpoihtee latter seems to be at issue here.
Alternatively, had a benchmark dosing analysis @mpted, a different conclusion might
also have been reached.
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4. Study Reliability — Describe the reliability of tr®ubject Koch Industries study for
consideration in the qualitative characterizatiorf aoncancer risk and quantitative
derivation of human health reference doses. Deserdmy major strengths or uncertainties
with the study described in this report that mighteclude them from being used as
consideration for derivation of a noncancer referee dose.

The study seems to be reliable as far as it gdesimiplementation of the study appears to
have been competently performed and the documentatiextensive. However, its validity
(the ability to predict human toxicity) is questaiite. | would have significant misgivings
about using this study as a basis for the derimatica honcancer reference dose.

* The dosing regimen and route of administrationoduguestionable relevance.

* No data on blood concentrations of mesitylene azsgnted.

* The endpoints used are insensitive.

* There is an extensive and reproducible peer-redditerature available that can be
used to identify a LOEL or a NOEL (probably a LOETat literature would
identify such a level in units (air concentratitinyt are directly relevant to human
exposure and using more sensitive and relevantoamidp While it can be noted that
there are flaws in that literature, the strengtrsdentifying a LOEL or NOEL from
the peer-reviewed literature far outweigh the weskes, especially in comparison
with the Koch Industries report.

lll. SPECIFIC OBSERVATIONS

All of my comments are noted above.

10
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Review by
Carol S. Wood, Ph.D., DABT
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Peer Review Comments on the 1995 Koch Industriesiity Report:
90-Day Oral Gavage Toxicity Study of 1,3,5-Trimelibgnzene in Rats with a Recovery Group

Carol S. Wood, Ph.D., DABT
Oak Ridge National Laboratory

April 18, 2013

|. GENERAL IMPRESSIONS

The study report is well written and accuratelyeets the findings in the study. This study was
conducted appropriately based on standard guideforea 90-day subchronic oral toxicity

study, with the exception of dose selection. Chhgigns of toxicity, including salivation and fur
staining, were observed in high-dose males andlesama@hese clinical findings were general in
nature, mild, not observed in all high-dose animahsl not observed until after about three
weeks of dosing. Other statistically significamtdings are not considered by the reviewer to be
adverse or biologically relevant. Taken togethee, lack of findings indicating marked toxicity
suggests that the animals could have toleratedrehidose and that dosing was not adequate. A
dose selection rationale was not given beyondtdtersent that the doses were chosen by the
sponsor.

Potential neurotoxicity was not evaluated by thed coute in this study. Considering long-
lasting, post-exposure effects observed in sewdrhle contextual references, this endpoint is
critical to evaluating the full toxicity of TMB bgny route. Delayed onset of the clinical signs
observed in the Koch Industries study supportsmiatielong-lasting effects of TMB that were
not evaluated. Similar to the current study, tlamagard subchronic inhalation studies (Korsak et
al., 2000a,b) found very few effects when neuratibxiendpoints were not evaluated. Based on
the known neurotoxic potential of TMB, shown corstiely by the inhalation route, the clinical
signs were too general to be predictive of neuriottyx The overt clinical signs were not
observed during the recovery period, but this dudsnean more subtle neurotoxic effects did
not occur.

This reviewer does not think that the Koch Indestistudy is reliable for assessing noncancer
risk because the endpoint of concern for TMB exp@soeurotoxicity, was not evaluated.

Il. RESPONSE TO CHARGE QUESTIONS

1. Study Design - Based on your knowledge of toxigptal protocols, please comment on
the experimental design of the 90-day oral gavageitity study described in the Koch
Industries report.
As conducted, the study followed a standard acdgmptetocol for a 90-day oral toxicity

study. The experimental design was adequate fabehsonic study with the exception of
dose selection, which may not have been adequate.

12
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a. Please comment on any significant issues witk thst system or test article employed,
controls employed, endpoints recorded, terminal ggdures, statistical analyses, and
quality assurance?

No problems with the study conducted as a subabharal toxicity study.

b. In consideration of the toxicological propertied trimethylbenzenes reported in the
provided contextual references (Wiaderna et al.020Gralewicz and Wiaderna, 2001,
Korsak et al., 2000a, b; Wiaderna et al., 1998; (&waicz et al., 1997a; Gralewicz et al.,
1997b; Korsak et al., 1997; Korsak and Rydski, 1996; Korsak et al., 1995), please
comment on whether there are key physiological/tmtbgical endpoints that should have
been assessed that were not part of the investgati

Potential neurotoxicity was not evaluated by thed coute in this study. Considering the
long-lasting effects observed in several of thetextual references, this endpoint is critical
to evaluating the full toxicity of TMB by any routBelayed onset of the clinical signs
observed in the Koch Industries study supportsriaiedong-lasting effects of TMB that
were not evaluated. Similar to the current stullg,standard subchronic inhalation studies
(Korsak et al., 2000a,b) found very few effects wheurotoxicity endpoints were not
evaluated. The reviewer acknowledges different exsnof TMB were used in these
inhalation studies, but considers the toxicity atleto be similar.

. Study Results Please comment on the strength, credibility, anéexeance of the
toxicological results of the Koch Industries study.

The clinical signs of toxicity in high-dose malegldemales were the only adverse findings
in this study. These clinical findings were genénahature, mild, and not observed in all
high-dose animals. Based on the known neurotoxierp@al of TMB, shown conclusively by
the inhalation route, the clinical signs were temeyal to be predictive of neurotoxicity. The
main findings of salivation and fur staining cotlave been due to other properties of the
chemical such as irritation or bad taste. In additthe clinical findings were not observed
until after about three weeks of dosing (earliea ii@w animals) and generally persisted until
termination of dosing either by sacrifice or stafrthe recovery period. In several of the
contextual references, neurotoxicity was shownrettobg-lasting after cessation of exposure.
The overt clinical signs were not observed durlmgriecovery period, but this does not mean
more subtle neurotoxic effects did not occur.

Other statistically significant findings are nonsadered by the reviewer to be adverse or
biologically relevant. The increased relative kigneeight observed in the high-dose males
is not a direct effect of TMB administration, buasventirely due to the slightly lower final
body weight of these animals. Absolute liver weigiats slightly increased in high-dose
males and significantly increased in high-dose fesjdut the magnitude was small and not
accompanied by histopathological correlates. Lddiepatocellular hypertrophy suggests
that the liver weight increases were marginallypdida and not adverse. Increased
phosphorus levels were consistent in both high-dusles and females, but the magnitude of
change was not biologically significant.

13
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Taken together, the lack of findings indicatingitity (except clinical observations) suggests
that the animals could have tolerated a higher dagethat dosing was not adequate. A dose
selection rationale was not given beyond the staténmat the doses were chosen by the
sponsor. Conversely, dosing may have been adedudtpotential neurotoxicity endpoints
were not evaluated and, therefore, could have bessed.

3. Study Conclusions - Please comment on the discussind conclusion sections of the
Koch Industries report. Were there critical results issues that were not addressed? Were
there any contradictory statements or observationade? Do you agree with the final
conclusions of the Koch Industries report?

Conclusions given in the report were consisteni Wit results as presented and no critical
findings were omitted. This reviewer disagrees theteased relative kidney weight
observed in the high-dose males should be pahteoE OAEL because this effect was

entirely due to the slightly lower final body wetghf these animals. Increased phosphorus
levels were consistent in both high-dose malesfamdles, but the magnitude of change was
not biologically significant and thus, of questiblarelevance to the LOAEL. The clinical
signs observed in high-dose males and femalestivergest evidence that dosing had
occurred.

4. Study Reliability — Describe the reliability of tr®ubject Koch Industries study for
consideration in the qualitative characterizatiorf aoncancer risk and quantitative
derivation of human health reference doses. Deserdmy major strengths or uncertainties
with the study described in this report that mighteclude them from being used as
consideration for derivation of a noncancer referee dose.

This reviewer does not think that the Koch Indestistudy is reliable for assessing
noncancer risk because the endpoint of concerliiB exposure, neurotoxicity, was not
evaluated. Thus, qualitative characterization afaamcer risk cannot be assessed from this
study. A NOAEL was identified that could be quaatiitely used to derive an RfD, but the
endpoint of concern may not be protected against.

[I. SPECIFIC OBSERVATION

None found.

14
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Review by
Raymond G. York, Ph.D., DABT, ATS, ERT
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Peer Review Comments on the 1995 Koch Industriesiity Report:
90-Day Oral Gavage Toxicity Study of 1,3,5-Trimelibgnzene in Rats with a Recovery Group

Raymond G. York, Ph.D., DABT, ATS, ERT
R.G. York and Associates, LLC

April 21, 2013

|. GENERAL IMPRESSIONS

The 90-day oral gavage study of 1,3,5-trimethylleerez(TMB) in rats with a recovery group
was conducted by IIT Research Institute for Kodfulstries in 1994. William Johnson, Ph.D.,
DABT, was the study director and the study was cetetl according to the 1979 EPA Toxic
Substances Control Act (TSCA) testing guidelinegCHR 798.2650, and testing as required by
CFR 799.5075 (Fed. Reg. Vol. 58 No. 216, pp. 59863}l -

In reviewing the study report, adequate numbeenohals were included in the experimental
protocol and the study, for the most part, was adtly designed, conducted, and reported.

The bulk chemical and dosing solution analysesnahimaintenance, study design (10
animals/sex/group for three dose groups plus ogie dhose group of 20 animals/sex, 10/sex for a
recovery group; 100 total) and dosing 5 days /vaekconsistent with other subchronic 90-day
studies conducted at that time. This study wasleoted according to GLP regulations 40 CFR
Part 792.

The conclusions reached for this subchronic stuesewgupported by the rendered data. The 600
mg/kg/day high dose group clinical signs (includdigcolored and wet inguinal fur and
salivation), cumulative decreased body weight gaimale rats, adverse clinical chemistry
parameter of increased phosphorus blood levelsale and female rats, increased absolute liver
weight for female rats, increased relative livergis for male and female rats, and increased
relative kidney weight in male rats were all coeset! treatment-related. All of the treatment-
related effects were reversible, as none wereeptes the recovery rats after 28 days of
cessation of treatment.

Il. RESPONSE TO CHARGE QUESTIONS

1. Study Design - Based on your knowledge of toxicabad) protocols, please comment on the
experimental design of the 90-day oral gavage tityistudy described in the Koch
Industries report.

This study was adequately conducted under theitgxjaidelines and GLPs in effect during
the mid-1990s. It employed appropriate experimertacedures, including animal model
selection of appropriate age, sex, body weightpahidentification method, acclimation
period, randomization, group size, husbandry, d®sels, dose level selection, route and
period of administration, study endpoints measuiest,and control substance preparation,
characterization, storage, and sampling, as weltastical evaluations of study results,
guality assurance inspections and compliance. Tlere no significant issues with the
experimental design of the study.
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Protocol: The experimental design for the studiofeéd the then current
EPA798.2650 Oral Toxicity Guidelines.

Test Article Employed: 1,3,5-Trimethylbenzene (TM&jh the required purity
of 99% and stored properly. The identity, compositipurity and stability of the
test article (TMB) were confirmed by the testingifiéy. The identity, purity,
composition, and stability of the vehicle (corn) evlere confirmed by the supplier
(deviation noted). Reserve samples of each wéaenesl by the Study Sponsor.

Stock Dosing Solutions: Each concentration wasgrespweekly and was not
sequentially diluted from one stock solution (sedia dilution has the potential
to multiple a preparation error). Aliquots from ttog, middle and bottom of
dosing solutions were determined to be homogenadsvithin 10% of the
mean concentration for each of the three dosede@ncentration and stability
analyses of dosing solutions were determined t@itien specifications. No
TMB was detected in any vehicle control samples.

Route of Exposure: No comments except it couldrportant to know why the
route of administration for the early 14 day stwdih the same test article
(Project Number L08512, Study Number 1) was orabge. Were the diet or
drinking water routes excluded due to palatabisgues? Why was whole body
inhalation, the route used in all the Nofer Ingatstudies and a known human
route of exposure, not considered? The healtlctsffef TMB toxicity were being
required to be assessed because it was a drinldtey wontaminant. Drinking
water and inhalation exposure (TMB is a volatileraatic hydrogen) routes have
more human relevancy and give much different aligorpmetabolism and
elimination profiles than bolus gavage administriati

End Points Recorded: EPA798.2650 Oral Toxicitydelines require a measure
of clotting potential such as clotting time or gnaimbin time and should have
been measured. Platelet counts only give curreajudation status. This was
clarified in the 1998 EPA OPPTS 870.3100 and tH#8IOECD 408 Guidelines
for a 90-day oral toxicity study in rodents by remg both a measure of clotting
time as well as platelet counts.

Terminal Procedures: Procedures were followedrdaog to the protocol. The
report stated that the absence of significant aghtit lesions during the final
week of dosing obviated the examination of the vecprats 28 days later. This
is not specifically defined in the guidelines arficdyne of the aims of the
guidelines is to “observe delayed occurrence aftteXects during the post-
treatment period,” this omission should not haveuoed.

Statistical Analysis: Statistical analyses wererappate. One shortcoming was
the lack of a vehicle recovery control group fooger comparison. This has been
addressed in the 1998 EPA OPPTS 870.3100 and #8QHBCD 408 Guidelines
for a 90-day oral toxicity study in rodents by regfg such a control group.

17



External Peer Review @®0-Day Oral Gavage Toxicity Sudy of 1,3,5-Trimethylbenzene in Rats with a Recovery Group

* Quality Assurance: Quality assurance procedures w@rect.

* Report: All the elements required by the EPA 78B@RGuidelines were
included.

a. Please comment on any significant issues witk test system or test article employed,
controls employed, endpoints recorded, terminal gedures, statistical analyses, and
quality assurance?

Most of the physiological and toxicological endpsinollected were standard for protocols
for this period of time. A current EPA OCSPP Harmed Test Guideline 870.3100 study
protocol should include:

» 7-day/week exposures for a continuous 91 days/(gdvage, 5 days/week still
acceptable).

* Functional observation battery (FOB), if the twoekeepeat study had clinical
signs of depression of the CNS.

» Complete and contemporary statistical analyses.

» Keeping the volume of corn oil at 2 mL/kg or lesaymeduce the scattered and
intermittent discolored and wet inguinal fur obsty

» Detailed clinical observations outside the homescaach week in the same
standard arena and at the same approximate time.

» After week 11, assessment of motor activity, gtiprsgth and reactivity to
different sensory stimuli (visual, auditory, prapreptive).

» Measure of clotting potential (prothrombin timeaativated partial
thromboplastin).

» Urinalysis determinations during the last weektafly (appearance, volume,
osmolarity or specific gravity, pH, protein, glueosnd blood/blood cells) may be
indicated since the liver was a target organ inldhelay study (L08512) and
kidney weights were increased in the 90-day studhdacted.

* The study design is not as robust as it could thaen since no vehicle control
rats (extra 10/sex) were included in the core stodye retained for recovery
observations and statistical comparisons to thie dage animals. The 1998
OPPTS 870.3100 Guidelines of a 90-day oral toxsityy in rodents require an
additional satellite control group of 20 animal® @nimals of each sex) for
comparison to the high dose satellite group.

* Adietary, drinking water, or inhalation route ofp®sure would have had more
human relevancy.
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» If gavage was determined to be the best route pbsxe, 7 days/week
administration would have produced a more robustyssince Huo et al. (1989)
demonstrated that 99% of TMB and its metabolitesediminated in 24 hours,
leaving 48 hours of non-exposure and extendedaiearevery 5 days.

b. In consideration of the toxicological propertied trimethylbenzenes reported in the
provided contextual references (Wiaderna et al.020Gralewicz and Wiaderna, 2001,
Korsak et al., 2000a, b; Wiaderna et al., 1998; (&wicz et al., 1997a; Gralewicz et al.,
1997b; Korsak et al., 1997; Korsak and Rydski, 1996; Korsak et al., 1995), please
comment on whether there are key physiological/tmtbgical endpoints that should have
been assessed that were not part of the investgati

The Contextual Reference articles provided conugavidence that 4 or 13 week inhalation
exposures at low-levels to TMB isomers result@ajniong-lasting neurobehavioral
alterations in rats several weeks after exposulaidevels of the test article, b) neurotoxic
effects occurring in a nonlinear concentration-gffelationship, and c) an altered emotional
fear response.

However, there is difficulty in considering thesedies as key in the development of the
IRIS assessment of TMB:

* The exposure route for all the Contextual Referemeas whole body inhalation
at non-toxic levels, making it difficult to compateany bolus oral gavage study.

* The Contextual Reference studies were all condwattétbfer Institute of
Occupational Medicine, Lodz, Poland. These weseaech studies and did not
follow standardized USEPA or OECD guideline protsco

* The studies were not conducted under any kind d?<$zand used non-validated
methods and equipment.

* There were no negative or positive historical cointiata for adequate
comparisons.

* The investigators measured an emotional fear ressplw using classical
conditioning. Usually a relatively neutral stimulissassociated with an
unconditioned stimulus. To measure an emotionalriEsponse, they associated a
painful stimulus with a fear-inducing experience. &result, the formerly neutral
stimulus elicits fear. For example, if seeing g @@ neutral stimulus) is paired
with the pain of being bitten by the dog (uncoraigd stimulus), seeing a dog
may become a conditioned stimulus that elicits feanditioned response). In
the Nofer studies, a persistent foot-shock (nortraéstimulus) was used to
measure the paw-lick response to heat from a late pést (unconditioned
stimulus). This may not be a valid or equivalentapeggm usage for classical
conditioning.
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One more reference could be added for completerf€mtrasting effects of 4-week
inhalation exposure to pseudocumene or hemimedliensensitivity to amphetamine and
propensity to amphetamine sensitization in thé taitz, P., Gralewicy, S.,Wiaderna, D.,
Swiercz, R., Grzelinska, Z., Majcherek, W. InteroflOccup. Med. and Environ. HItR010;
23(1):85-94. The study used two of the isomersMBT exposed rats by the same route,
length of time, and the research was conductdueaddme institute. The institution’s
previous work with TMB demonstrated long-lastingoges in behavior, so they were
interested in determining if TMB exposure increabelavioral sensitivity to amphetamine.

. Study Results Please comment on the strength, credibility, anéexeance of the
toxicological results of the Koch Industries study.

Ophthalmology. Ophthalmology exams were not cotetlion the recovery rats 28 days
post-exposure, because the absence of signifigdrthalmic lesions during the final week of
dosing obviated the examination. This is not speadlly defined in the guidelines. However,
as one of the aims of the guidelines is to “obselelayed occurrence of toxic effects during
the post-treatment period,” this omission shoulthave occurred.

Body Weights. Fasted terminal body weights forrttade rats in all the exposure groups
were reduced, albeit none significantly (5849, 58829 vs. 6029 for the low, mid high vs.
controls, respectively), and should have been raeatl. A trend analysis would most likely
have been significant.

Clinical Chemistry. Multiple clinical chemistry dpoints for the male rats in the 600
mg/kg/day dose group were significantly alterethatday 30 interim blood draw and
reported. However, the study director did not cdesed them to be related to treatment
because: a) the same parameters were not signijicdiered at the day 90 termination
(which allows time for more complete enzyme adagtato TMB exposure) and b) the
values were withiror approximately within (emphasis added) the range of the in-house
historical control values. It needs to be noted tha in-house historical data do not give the
dates of the information collected, or the sex énmale or combined) of the rats. The
significant increase in alkaline phosphate (ALKfét)the male rats in the 600 mg/kg/day
dose group at termination was considered by thaysdirector to be due to rats (61 and 63)
that had exceptionally high values (257 and 213)IUAowever, ALK P was increased
almost 41% for the male rats (albeit not signifttgnat the day 30 interim blood draw and it
was the same two rats that had the highest lelé$snot clear why the significant increase
in ALK P for the male rats in the 600 mg/kg/day elgsoup at termination was not included
in determination of the NOEL by the study director.

Hematology. Mean monocyte counts (MONO) were $icgitly increased in the male rats
at 200 and 600 mg/kg/day when compared to the eebantrol group at termination of
exposure, but not considered by the study direagdreatment-related. No reason was given.
An increased number of monocytes in the blood (mgtasis) occur in response to chronic
infections, in autoimmune disorders, in blood digrs, and in certain cancers. An
explanation on why these findings were being exatushould have been included in the
results section.
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Organ Weights. Male relative kidney weights in @ mg/kg/day dose group were noted
as being significantly increased; female relatiidnky weights were also increased (7%) at
this dose level, albeit not significantly, but slibhave been mentioned in the results section.

. Study Conclusions - Please comment on the discussind conclusion sections of the

Koch Industries report. Were there critical results issues that were not addressed? Were
there any contradictory statements or observationade? Do you agree with the final
conclusions of the Koch Industries report?

The increased phosphorus levels in the 600 mg/kgldae group for the male and female
rats should have been discussed in more detailkitineys excrete phosphate; therefore, the
most common cause of increased phosphate levelfyparphosphatemia) is the kidney's
inability to eliminate phosphate. This may haverbedated to the significantly reduced
blood urea nitrogen (BUN) levels for female ratshie 600 mg/kg/day dose group.

The conclusions reached for this subchronic stuele supported by the rendered data. The
600 mg/kg/day high dose group showed clinical sigmduding discolored and wet inguinal
fur and salivation), cumulative decrease in bodighvegain in male rats, adverse clinical
chemistry parameter of increased phosphorus beagld in male and female rats, increase
in absolute liver weight for female rats, increasgdtive liver weights for male and female
rats, and increased relative kidney weight in nnats. In the last line of the Summary, the
adverse clinical signs in the 600 mg/kg/day doselgishould have been included in the
basis for establishing the observed toxicity level.

. Study Reliability — Describe the reliability of th&ibject Koch Industries study for
consideration in the qualitative characterizatiorf aoncancer risk and quantitative
derivation of human health reference doses. Deserdmy major strengths or uncertainties
with the study described in this report that mighteclude them from being used as
consideration for derivation of a noncancer referee dose.

The conclusions reached in this 90-day oral gasagdy of 1,3,5-trimethylbenzene (TMB)

in rats with a recovery group study were suppobtgthe data. The adverse clinical signs,
increase in blood phosphorus levels, and increabeer and kidney weights in the 600
mg/kg/day dose group were clearly caused by thestdsstance and are the lowest-observed-
effect-level (LOAEL). The 200 mg/kg/day dose graugs established as the no-observed-
adverse-level (NOAEL) in this study.

lll. SPECIFIC OBSERVATIONS
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Paragraph

Comment or Question
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Appendix 4

Control female rat # 14 was obsetoedtave a swollen limb on day 92
(pathology confirmed a fractured tibia), which magcount for the high
platelet (p 126; Appendix 14) and monocyte couptd85; Appendix
16) at termination and should have been deleted &oalysis.
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