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FOREWORD

The pupose of this review is to provide gientific suppat ard rationale for the hazad
idertificaion ard dosetespase assessants for both carcer ard noncarcer effects (the oral
reference desse anl the inhalation reference cancertration) from chronic exposure to cunene.
It is not intended b be a canprehensive treaise an the cremcal or toxicological nature of
curmene.

In Seciion 6, EPA has characterized ts overall confiderce n the quanitative arl
qualtative apecs of hazad ard dose-response (U.S. EPA, 1995a) Matters consdered n this
characterizaton include krowledge gapsuncettainties,qualty of dat, ard scentific
controversies. This characterization is presented in an effort to make gppaent the limitations of
the individualassesserts ard to aid ard guide the risk assessan the ersung seps d the risk
assesseanrt process. For other general information alout this assessert or other questions
relating to the Integrated Risk Information System (IRIS), the reader is referred to EPA s Risk
Information Hotline at(513)569-7254.



1.0 INTRODUCTI ON

This document presens the dervation of the roncarcer dosefespase assessants for oral
exposure (the oral reference dose or RfD) and for inhalation exposure (the inhalation reference
concertration or RfC) ard the carcer hazad ard desetespmse assessEmNs.

The RD ard RiC are neart to provide nformation on long-term toxic efects aher than
carcinogenicity. The RD is based m the assurption that threstolds exst for cettain toxic
effects suchas cdular necrosis but may not exist for other toxic efects, suchas sone
carcinogenic responses. The RfD is expressed in units of milligrams pe kilogram pe day.

In generdl, the RfD is an estimate (with uncertainty spanning perhaps an order of magnitude of a
daly exposure to the human population (including sensitive subgroups that is likely to be
without anappeciale risk o dekterious efects duing a Ifetime. The inhalation RfC is
aralogous b the aal RfD. The inhaation RfC cansiders toxic effects for both the respratory
system (portal-of-entry) and for effects peipheral to the respiratory system (extrarespiratory or
systenic effecss). It is expressedri units o mg/m®.

The cacinogernicity assessert is meart to provide nformation on three aspestd the
carcinogenc risk assessent for the agehin queston: (1) the US. Environmerta Protecton
Agercty (EPA) classficaton ard (2) quartitative esimates o risk from oral exposure ard
(3) inhaation exposure. The chsification reflects a weght-of-eviderce udgmnert of the
likelihood that the agehis a luman caicinogenard the canditions under which the cacinogeric
effects may be expressed.Quairtitative risk esimates ae preseited in three wag. The dope
factor is the resuk of applcation of a bw-dose exrapdation procedue arl is presened as he
risk permg/kg/day The unit riskis the quatitative esimate in terms d either risk perpg/L of
drinking watr or risk perpg/nt of air breahed. The third form in which risk is preserted is
drinking water or air concertration providing carcerrisks of 1 in 10000, 1 in 200000, 0r 1 in
1,000000.

Dewelopmert of these lazad idertificaions ard dosetespase assesserts for cunene has
followed he germral guideines br risk assessermts as seforth by the Natonal Reseach
Courcil (1983) Other EPA guidelnesthat were used n the dewlopmert of this asessmen
include Rsk Assessmert Guideinesof 1986 (U.S. EPA, 1987a) (proposed) Guideinesfor
CarcinogenRisk Assessmert, 1996 (J.S. EPA, 1996a) Guideinesfor Developmental Toxicity
Risk Assessmert (U.S. EPA, 1991c) (proposed) Interim Pdicy for Paticle Size aml Limit
Concertration Issuesin Inhaation Toxicity (U.S. EPA, 1994, (proposed) Guideinesfor
Neurtoxicity Risk Assessment (U.S. EPA, 19950, Methods for Dervation of Inhaation
Reference Gncertrations ard Application of Inhalation Dosmetry (U.S. EPA, 1994c)
Guideinesfor Reproducive Toxicity Risk Assessmert (U.S. EPA, 19961) Recanmendations
for ard Documrentation of Biological Valuesfor Use in Risk Assessmert (U.S. EPA, 1988) ard
Use d the Benchmark Dose Approachin Heath Risk Assessmert (U.S. EPA, 1995c¢)

Literature seach strategy enployed fr this compound wetre based m the Chemical
Abstract Service Regstry Nunber (CASRN) ard atleastone canmon name. As a mnimum, the
following daabases wee seached RTECS, HSDB, TSCATS, CCRIS, GENETOX, EMIC,



EMICBACK, DART, ETICBACK, TOXLINE, CANCERLINE, ard MEDLINE ard MEDLINE
backiles.

Any pettinert information submitted by the pullic to the Integrated Rsk Information
System (IRIS) submissbn desk adowas casidered n the dewlopmert of this docunent.

20 CHEMICAL AND PHYSICAL INF ORMATIO N RELEVANT TO ASSESSMENTS

Cunene alsois known as sopropyl benzere, (1-methylethyl)-bereere, ard
2-phenylpropare. Some relevant physical ard chenmical propetties d cunene are listed below
(Mackayard Shui, 1981;Harsch ard Leo, 1985)

CASRN: 98828

Empirical formula: CH,,

Molecubr weght: 1202

Vapa presure: 4.6 mm Hg at25°C

Water solubility: 50 mdL at 25°C

Log Koy 366

Conversion facior: 1 ppm= 49 ng/n?, 1.0 ng/n? = 0.2 ppm

Points to be made fom these popetties nclude bhat, at room temperature, cunmene is a
volatile liquid, that airborne concertrations of over 6,000 ppm(29.400 ng/n?) may be attained,
ard that cunene is nealty insduble in water. Structurally, cunene is a member of the akyl
aromatic family of hydrocarbons, which aso includes toluene (methylbenzene) and ethylbenzene.

3.0 TOXICOKINETICS RELEVANT TO AS SESSMENTS

Inhalation tests canducted in humans indicate that curene is alsorbed readly via the
inhalation route, that it is metabolized efficiently to water soluble metabolit es within the body;,
ard that these netabolites ae excreted eficiertly into the uiine with no eviderce d long-term
retention within the body. These esuks cancur with the resuks o annimals studies. The
combined fndings ndicate that neither cunmene nor its netabolites ae likely to accunulate
within the body.

Human vdunteers (five men and five women) were exposed head-only for 8-h periodsto
cumene vapors (Sehczuk ad Litewka, 1976) Every 10 da, eachsubjectwasexposed to one of
three diferent concertrations of curene, 240,480, 0r 720 ny/n?. Sanples of exhaled ar were
collected (method ot clearfrom text) during exposures for estmation of respratory tract
retention, ard urine was ctiected fom eachsuhectduiing exposure ard for 40 hthereater.

The meanrespratory tract retention was eported o be 50% (range, 45 b 64%), evenat the
highed concertration, athoughno data is given to suppat deiivation of these values Excretion
of cumene, estimated from urinary amounts of 2-phenyl-2-propanol, was maximal after 6 to 8 h
of exposure ard appoached zeo at 40 hpostexposure. The pbt of time aganst urinary
excretion of this metabolite reveakd a epid ealy phase (., = 2 h) ard a sbwer later phase
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(t, = 10 . Approximately 35% of the catulated alsarbed dse was eareted as 2phenyl-
2-proparol durning the 8 hof exposure ard 40 hpostexposure.

Groupsof Fscher 344 ts (minimum 4/sex/group) were sudied afer being exposed to
radiolabeled cunene (>98% purity) either by single intraverous dse @5 ng/kg); single oral
gavege daes (33 a 1,350 ng/kg); single 6-h nose-only inhalation (100,500, 0r 1,500 ppmn); or
eight daly oral gavage des (33 ng/kg), with the eghth dose being radiolakeled Resarch
Triangle Institute, 1989) The inhalation sudiesindicated apid atsorption, with deecialde
levels of cumene gppearing in the blood within 5 min of the beginning of exposure. The gavage
studies slowed that cunene was aorbed readly via this route, with maximum blood levels
occuring atthe ealiest time point sanpled (4 h) for the lower dose anl at8 to 16 hfor the
higher dose. Elimination of cumene from the blood gppeared as monoexponential with a half-
life catulated between9 to 16 hfor the gaage dses. The patern of cunrene disappeaairnce
from the Hood in the inhalation studies aso appeaed © be monoexponential with the helf-lives
increasng with dose, from 3.9 hat 100 ppmto 4.6 hat500 ppmto 6.6 hat1,200 ppm
Analysis of tissues (presumably immediately after exposure) indicated that several tissues,
including adpose, liver, ard kidrey, al had ekvated issuelblood ratios of cunrene, regardless d
the route o cunene admnistration, indicaing thoroughdistribution of cunene throughout the
body independent of administration route. In general, very smilar rates of dimination were
obsened acoss outes ad exposure concertrations, with urine being the ngjor route o
elimination (>70%) at ary dose adrmistered by ary route. Tota body cleaarce was apid ard
complete, less han 1% of the alsarbed faction being presen in the body 72 hafter the hghest
exposure regime examned, 1,200 ppmfor 6 h Metabolism of cunene by cytochrome P-450 s
extensive ard takes pace wihin hepatc ard exrahepatc tissuesincluding lung (Sato ard
Nakajima, 1987) with the sscandaly alcohol 2-phenyl-2-proparol being a pincipal metabolite.
Over al doses ard routesexanined n the Research Triangle Institute gudy (1989) >50% of
urinary excretion in rats was accanted for by 2-phenyl-2-proparol ard its gucumonide o sufate
conjugaes. The Alance d excretion in the uine o these eposed ets was accanted for by
conjugats of 2-phenyl-1,2-proparediol ard anurknown metabolite, passibly a dcarboxylic acd
metabolit e of cumene.

40 HAZARD IDENTIFICATION
4.1 Studiesin Humans—Epidemiology, Case Repotrts, and Clinical Controls

No suchstudies wee located or this compound.



4.2 Prechronic and Chronic Studies and Cancer Bioassaysin Animals—Oral and
Inhalation

Cughman, JR., JC. Norris, D.E. Dodd, K.I. Damer, ard C.R. Morris. 1995. Sulchronic
inhalation toxicity asessmert of cunene in Fischer 344 @ts. J. Am. Coll. Toxical.
14(2): 129147.

Two auccessive subaronic inhdation toxicity sudies were conducted with cumene vapors
(>99.9% pure) on Fischer 344 @ts. Inthe first sudy, groups(21/%x) were exposed to 0, 100,
496,0r 1,202 ppm(0, 492,2 438, or 5,909 ny/n7) cunene vapor for 6 hday, 5 dayw/week,for
13 weekgduration adjuged r continuous exposure to 0, 88, 435,ard 1055 ng/n?). The
secaod sudywas a epeatof the first, exceptthat the gioup ske was de@asedd 155ex ard an
addtional group 50 ppm duration adjuged b 44 ny/n?) ard a 4 week psiexposure peliod
were added. Animals were sacificed a éw days atter the last exposure in the first study ard
after the 4week patexposure petiod in the £cand sudy. Paameters monitored included
clinical 9gns of toxicity; body weight; food ard waier consumption; hematology ard serum
chemstry; organweights; ard gross pahology ard histopathology, including examnation of all
respratory tracttissuestfiree seaons of the lungs aml four sectons of the resalturbinates)

In both studies,evaluations o neurological function (functional obsewation battery [FOB] ard
motor actvity) were conducted. In the first sudy, anFOB waspeiformed on 10 rats/sex/group,
ard notor acivity tests wee conducted on 15 rats/sex/group. Inthe secod study, motor acivity
tests only were pefformed on 15 rats/sex/group. The FOBs were performed prior to the exposure
ard on the weekedsfollowing Weeksl, 2, 4, 9, ard 13 d exposure; motor actvity was
determined pror to exposure ard on the weeked following Weeks4, 9, ard 13 d exposure.

The sane anmals were examned ateachevaluaton. Alsoin the first study, 6 rats/sex/group
were peifuson-fixed for aralysis of the rervous sygtemtissues.Because catacts wee deected
in the first gudy, a nore thorough protocol wasused n the cand sudy. In the first sudy, the
eyes wee exanmined ace ly a sngle ophthamologist during the last week d exposure. In the
secaod sudy, eyes wee examned ndepermlertly by two ophthalmologists preexposure ard at
Weeks 49, ard 13,ard atWeek 4 pstexposure, ard ary ca@aracts deected wee confirmed
histopathologically. In the first sudy, sperm from epididymides (taken from 15 mde rats/group)
ard the kft testis from eachmale were evaluated for spem count ard spem morphology, ard
crosssectons of testes wee exanined br evaluaton of the sages 6 spematogeresis n an
effort to judge he pdential of cumene to caug reproductve toxicity. Auditory brain gsem
responses were meagsired at4, 8, 16, ard 30 kHz dumg Pastexposure Week 1 @ the cand
study.

Trarsien, reversible cageside doservations during exposure petiodsincluded lypoactvity,
bleprarospasmand a dedyed or alsert startle reflex at the highestconcertration. Rat exposed
to 496 ppmwere reported asbeing hypoacive duing exposure, athoughno further specfics
were given. An increasednciderce d catracts was dseved n maes atal exposure
concertrations in the first study. These esuks wee not obsewred n the secod sudy, in which
inciderce d catracious clarges wee not different from historical controls nor confirmed by
more exensive histopathological aralysis. In the first study, statisticaly significart (p < 005)
exposure-related deceasesn motor actvity (ambulatory ard total acivity) were obsewved n
male rats exposed b the two highestconcertrations of cunene, but these esuks weke not
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reproduced n the secad sudy. There wee no exposure-related charges n the FOBs in either
study. No effects wee observed n the reurohistopathological examnations. Evaluaion of the
audtory brain stemrespmses eveakd ro charges n the audiory function of the exposed
animals, dthough3/10 femde rats in the highest exposure group were noted to have variabilit y
in their waweforms recaded at4 kHz. These results were judged ly the auhors not to be
indications of ototoxicity because bthe variahilit y of the responses. It dso is noted that the
ototoxicity known to occur with toluere, a stuctural amalog of cunene, is evdert only at
frequencies of 8 kHz and higher. The only gross histopahology noted was peiocular swelling,
which occurred in anmals at the two highestconcertrations (and for which neither inciderce ror
severity was reported).

In the first study, both alsdute ard relative weights weee increased gnificartly (>10%,
p < 0.05) in the kidneys, adrena glards, ard livers o both se»es atthe hghestconcertration.
In females, meankidney weights wek increased 11%absolute) ard 16%(relative), adrenal
weights 19% (absolute) ard 26% (relative), ard liver weights 34% (absolute) ard 40%(relative).
In mdes, mean renal weights were increased 12% (absolute) and 10% (relative), adrenal weights
20% (absolute) ard 27%(relative), ard liver weights 33% (absolute) ard 30%(relative). These
chargesalso were noted in the liver at the rext lower concertration (500 ppm for both females
(7% é&bsolute, 11% relative) and males (20% absolute, 17% reative). The results of the second
study, with a 4-week postexposure peiod, indicated limited reversibilit y of these dterations
because gnificart meanweight increases gt w ere present in femae liver (13% absolute, 11%
relative) and female adenals (12% alsolute, 8% relative) of the Hghed expasure group. Only
made relative kidney weights (6%) and absolute liver weights (11%) remaned increased
significartly. These akrations in weight are cansidered xicologicaly significart ard adwerse
because sucpeisistence ndicateslimited reversibilit y and uncertainty about the progression and
fate of these dkerations urder chronic exposure. There weke no cunrene-related differences n
weights d lungs, testes,ovaries, or brain at ary exposure level in either study. At the erl of the
exposure in the first study, water consurmption was ncreased ¥ as nuchas 40%n male rats at
the two highestexposure concertrations. Alterations wee noted in a rumber of hematological
paameters, including a cancertration-related increasen leukocytes (which is consistent with the
study of Jenkins etal.,, 1970,below) ard platelets in males ard females, aswel asin
lymphocytes in males at 496 a 1202 ppm ard ggnificart (p < 005) deceagsin erythrocyte
paameters (erythrocyte count, hemoglobin, hematocrit, mean corpuscular hemoglobin, and mean
corpuscudér hemoglobin concertration) in male rats at these cocertrations. All of these
alterations (exceptfor the phtelet count, which was ncreased ¥ around 20%over controls, in
males exposed b the hghestconcertration) were within normal ranges Mitruka am Rawrsley,
1981) with no accanparying indications of hematological toxicity, ard therefore ae cansidered
of minimal toxicological importance. Morphological evaluaton of epdidymal ard testicular
spem showed ro cunene-related differences n either count, morphology, or stages 6
spematogeress, athoughone high-dose rat did have diffuse testicular atrophy.

The anly microscic effect assaiated wth these eganweight charges was aincreased
inciderce d kidney lesions in male rats at the two highestexposure concertrations. The
incidence of hypertrophy and hyperplasia of proximal tubular epithelial cells and interstitial
nephritis were increagd sgnificartly at496 ppm(12/15 anl 13/15,respecively) ard 1202 ppm
(14/15 aml 13/5, respecively) compared b controls (1/15 for eacheffect). There was aoan
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increasen se\erity with dose n exposed enal tissuesjncluding hyaline dioplet formation,
where desevelated increasesn the inciderce d moderate ard merked sewerities wee 2/15, 3/15,
14/15,ard 14/14 n controls ard dose groupsin aserding order of exposure concertration.

The relevance d these enal effects to human toxicity is questonable kecauselte lesion
descibed relates cbsely to the nele rat spediic nephropathy. The EPA has eséblished scentific
policy ard serd critenia for assgnation of male spediic rena nephropathy caused ¥ chemmicalks
that induce ekessve accunulation of o,,-globulin (U.S. EPA, 1991a;Hard etal, 1993) The
renal histopahology reported in this sudy fulfills several of these criteria: lesions were limited
to mdes; hyaline droplet formation (as confirmed by the Mallory-Heidenheim method) was
noted ard increasedn se\erity in a desevelated fashon; lesions assoiated wth the pahologic
sequerce d «,,-globulin nephropahy were noted, including tubuar proteinosis (presumably
from exfoliation of epithelial cells into the proximal tubular lumen) and tubular epithelial cell
hyperplasia and hypertrophy (presumed to be regenerative from tubular necrosis). Althougha
major criterion is not met in the sudy, positive idertificaton of the accuralating protein in the
hyaline droplets as o,,-globulin, the patern desribed srongly suggess male rat specfic
nephropathy. Chronic progressve nephropathy, which also occurs predaminately in male rats,
also is characterized ty tubular hypemplasia ard proteinosis (Montgomery ard Seey, 1990) ard
this also may be contributory to these ena lesions. The weght aterations in the adenals ard
female kidney are cansidered pdentially adwerse. The increased waar consumption noted ako
may indicate pdentia for renal effects, althoughthis effectwas pesei at dose evels at which
renal weights were not atered. Although the progression of these weight dterations from
continued eyosure camot be ascetained fom this sulchronic study, daia from the secad
(postexposure) sudy indicate limited reversibilit y to the adrenals, at least in femdes. The liver
weight alterations ae rot viewed as adse kecausericreasen liver weight without
accamparying pahology is a trait of common microsomal-induchng agets (Sipes ad Gardolfi,
1991) Based on the lowed dose at which both relative ard alsolute weight alterations are
statisticaly (p < 005) ard hiologicaly (>10%) sgnificart, 1,202 ppmis a bwed-observed-
adwerse-effectlevel (LOAEL) based o weight alterations dosewved n the first study in the
adrenal tissuesof both sexes ard the kidneys in females. The rext lower dose, 496 ppmis a
no-observed-adwerse-effectlevel (NOAEL).

Fabre, R., R. Truhaut, J. Bernuchon, and F. Loisillier. 1955. Toxicologic gudiesof solvertsto
replace lenzere. Ill. Study of isopropyl benzene or cumene. Arch. Mal. Prd. 16(4): 285-299.

In aninhaation study, Wistar rats were exposed to 2,500 ng/n? cumene vapor for 8 h'day;
6 day/week,for up b 180 dag (duration aduged © 714 ng/n?), ard rabbits were exposed to
6,500 ngy/n? using the same exposure regimen (duration-adjused cacertration is 1,857 ng/nt).
Clinical dgns of toxicity, body weight, blood and bane marrow paameters, and histopahological
effects (orain, cerelellum, heat, stomach liver, pituitary, intestine, spnal cord, bone marrow,
ovary, pancreas, parathyroid, lung, leen, kidney, adrenals, testicle, thymus, thyroid, and
bladdej were monitored. Inthe rat, the rumber of red Hood cels deceased ghhtly, but no test
for statistical significarce was pdormed. Histological effects reported wee "passve
congeston"” in the lungs, liver, spkeen kidrey, ard adenals ard the preserce d hemorrhagic
zones in the lung, hemosiderosis in the spleen, and lesions from epithelial nephritis "in some



cases".It was ot clearif these diects occcurred in both speces. Both of these eposure levels
induced aderse efects.

Jenkins, L.J., J., RA. Jones, ard J Siegel 1970. Long-term inhalation screenng sudiesof
benzere, toluere, o-xylene, ard currene on expetimental arimals. Toxicol. Appl. Pharmacd.
16: 818823.

In aninhalation exposure sudy, groupsof SpragueDawley or Long-Evans rats (n = 15),
Princeton-derived gunea pgs (= 15), beage dogs ( = 2), ard squirel monkeys (n = 2) were
exposed to curene at concertrations of 18 a 147 ngy/m? continuoudy for 90 dag. Initial ard
termina body weight, hematologic and clinical chemistry parameters, and histopathologic daa
were cdlected. The aly effect noted was a sght degee d leukocytosis in rats at both
concertrations, which is consistent with the results of Cushman etal. (1995) The same effect
occurred in asimilar group of rats exposed to cumene a 1,200 ny/n? for 8 Wday, 5 dawweek
for 30 eyposures, although none were indicated as stisticaly significart. No other
toxicologicaly significart effects weke noted in etther guinea pgs, dogs, or monkeys. This
single concertration defnes a LOAEL for this study.

Monsarto Compary. 1986. One-month sudy of cunrene vapor admnistered to male ard female
Sprague-Dawley rats by inhalation. U.S. EPA/OTS Public Files, 8D submission. Microfiche
No. OTS0513229.

Male ard female Sprague-Dawley rats (10/sex/group) were exposed to cunene vapor
concertrations of 0, 105,300, 0r 599 ppm(0, 517,1,475,0r 2,946 ny/n7) for 6 hday,
5 days/week, for gpproximately 4 weeks (minimum exposure, 20 days). Urinalysis, hematology,
and clinical biochemistry on serum (including BUN, SGOT, LDH, and tota bilir ubin) were
performed. Animals were observed daly for Sgns of toxicity. Necropsy was performed on
5 rats/sex/group atthe erd of the exposure. No deahs occurred duiing the fudy. Cageside
observations included hypoactivity in the high-concentration animals on some days during the
exposure petiod. Signs of toxicity observed duing the pre- or postexpaosure checksincluded
concentration-related increases in Sde-to-side head movements in both maes and femdes in all
dose groups(combined total inciderce duing exposure of 0, 14,21, ard 48 Pr controls ard the
three dee groups, head tlt (total inciderce n al dose groupsof 0, 5, 4, ard 8 for controls ard
the three dse goups) ard arched ack n one female in the hgh-dose gioup. Other less
significart obsewations included dred, reddishdisctarge aound the rose anl nearthe eyes n
neaty al dose goups an cantrols. Other effects doseved n males include abpecha (mid-dose
group duing Weeks2, 3, ard 4 d exposure) ard swollen conjunctiva duing Week 4 n the
high-dose goup. Increags(p < 005) in meanalsolute left ard right kidney weights were
observed high-dose mdes, as were increases in left kidney in low and mid-dose mdes. In high
dose Bmales, the meanalsdute weight of left kidneys was geater (p < 005) thanin controls.
No compound-related patological chargeswere deected duing gross or microscopic
examnation. Assuning that the renal charges armng the meles wee assaeiated wih male rat
spediic nephropathy (see albve), the cageside dosewvations of head tlt ard head novements
became the ciitical effects for this short-term study with a LOAEL of 105 ppm This study
confirmsthat renal weight changes occur in femdes, thereby corroborating smilar effects
reported n the gudy of Cushman etal (1995) It should be noted that the efects asociated wih



central ne'vous system peturbaion (i.e., head movements) were nat nated in severa other longer
term sudies including that of Cushman et al. (1995)where reurotoxicity wasspecficaly
assessed

Wolf, M.A., V.K. Rowe, D.D. McCaollister, R.L. Hollingsworth, and F. Oyen. 1956.
Toxicological studies d cettain akylated benzeres anl benzeres. Arch. Ind. Heath
14: 387398.

Groupsof 10 femae Wistar rats were admnistered 139 daes of cunene by gavage n olive
oil at154,462,or 769 ny/kg/dayover a 194day (6- to 7-mo) peliod (duration adused dse x
139/194 = 110331,0r 551 ngy/kg/day. Rats given olive al served ascontrols (n = 20) Body
weights, food cansumption ard nortality were noted throughout the gudy, althoughno results
are siown. Henwatological evaluaions were conducted ater doses 20,40, 80, ard 130,ard bood
urea nitrogendeterminations ard gross anl histological exanmnations (lungs, heat, liver,
kidreys, spken adenals, parcreas,ard femoral bone marrow) were conducted atthe erd of the
study. Effects were not observed at154 ny/kg/day Anincrea® in average kdneyweight was
noted asa "dight effect' at 462 ng/kg/day A more pronounced weght increa® in average
kidney weight, noted asa "moderate efect’, occured at 769 ng/kg/day akthoughno
quartitative dat is preerted. The LOAEL is considered © be 462 ng/kg/day ard the NOAEL
Is 154 ny/kg-day.

4.3 Reproducdive/Developmental Studies—Oral and Inhalation

Bugshy Run Research Center. 1989b Dewelopmertal toxicity sudy of inhaled curnene vapor in
CD (Spraguebawley) rats. Final projectreport 52-621. TSCATS/0522881;EPA/OTS Dcc.
No. 40-8992172.

SpragueDawley rats (25/group) were exposed to 0, 99,488,0r 1,211 ppm(0, 487,2,399,
or 5,953 ny/n?) cunene for 6 Wdayon Days 6 through 15 d gegation. Dans were observed or
clinical 9gns of toxicity, body weight, gravid uterine weight, liver weight, abnormalities of the
respratory tract numbers d corpora lutea,implantation sites, resarptions, ard living ard dead
fetuses. Fetuses wee examned or external, viscerl, ard skeétal malformations ard variations.
At the two highestconcertrations, peiioral wetness ad ercrusition, hypoactvity ard
bleprarospasmand sgnificartly (p < 005) deceaseddod cansumption were obsenved n the
dans. At the Hghestconcertration, there was a gnificart (p < 001) deceasen body weight
gan on Gesation Days 6 through9 (accamparnied by a sgnificart deceasen food cansumption)
ard a sight increase 7.7%) in relative liver weight. There wee no statisticaly significart
adwerse efects on reproductive paameters or fetal developmert. For this sudy, 1,211 ppmis a
developmertal NOAEL, ard 488 ppm(2,399 ny/nT) is a maternal NOAEL.

Bughy Run Research Center. 1989c. Dewelopmental toxicity sudy of inhaled cunene vapor in
New Zeahrd White rabbits. Final projectreport 52-622. TSCATS/0522881,EPA/OTS Dcc.
No. 40-8992172.

New Zeahrd White rabbits (15/group) were exposed to 0, 492,1,206,0r 2,297 ppm

(0,2,418,5928,0r 11292 ny/n?) cunene for 6 Wdayon Days 6 through 18 d gegation.
Damswere observed for clinical Sgns of toxicity, body weight, gravid uterine weight, liver
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weight, almormalities o the respratory tract numbers d corpora lutea,implantation sites,
resarptions, ard living ard dead étuses. Fetuses weg exanmined or external, visceal, ard
skektal malformations ard variations. Two does ded atthe hghestexposure concertration.
There wee sgnificart (p < 001) reductions in body weight gan (17811 g bst compared ©
3155 g ganed n the cantrol group) ard food cansumption at the Hgheg expaosure level.
Significartly (p < 005) reduced dod cansumption also wasobserved n the 492-ard 1206ppm
exposure groups Clinical 9gns of toxicity observed n the daesincluded gynificart (p < 001)
increasesn peilioral ard pernasalwetess ad deplrarospasmat the Hgh concertration. At
necropsy, there wee coor chargesin the lungs of 33% of the daesexposed to 2,297 ppm
Rektive liver weight was sgnificartly (p < 001) elevated (16.8% of control weight) at the
highestexposure level. There wek no statisticaly significart effects an gesation palameters;
howewer, there weke nonsignificart increasesn nonviale implants, ard eaty resarptions ard a
nonsignificart decea® in the pecert of live fetuses at 2,297 ppm The anly variation observed
was anncreasen ecctymosis (henorrhagic areas ¢ the skin) of the head hat occurred in all
exposed anmals (0, 54, 3.7, ard 49% of the fetuses ard 0,357, 286, ard 250% of the ltters at
0, 492,1,206,ard 2297 ppm respecively), which wasnot concertration-related. On further
aralysis, EPA (1991 determined hat the rates of ecclymosis in this sudy were within the
ranges observed for the historical controls of this test facility. No other maformations or
variations differed from control values. Althoughthe aterations dosewed n gesational
parameters were not sgnificant, they were consistent in indicating possible developmental
effects. Based a this consistency, the ighestexposure level is considered a LOAEL. The rext
lower level, 1,206 ppm is considered a NOAL for both developmertal ard meternal effects.

No mutigeneration reprodudive sudy exists for this compound by ether oral or inhalation
route. Neither are there ary data conceming cunene exposure prior to mating, from concepion
to implantation, or during late gestation, paturition, or lactation. The principd study (Cushman
etal, 1995) howewer, conducted norphological evaluaion of epdidymal ard testicular spem in
rats exposed for 13 weekdo currene vapors. No cunene-related differencesin count,
morphology, or sagesof spematogeresis were noted, akhoughone hgh-dose rat did have
diffuse esticular atrophy. The IRIS ertry for the stucturally related compound toluere
(methylberzere) reports accurrence d a sgnificart decease |f < 005) in weight relative to
controls in the dffspring in a ane-gereration reproductive sudy ata NOAEL of 1,885 ng/n?
(U.S. EPA, 1997)

Cunene was a rnmor componert of aromatic naphtha vapors that were tested n a
inhalation reproducive toxicity sudyin rats ard a deelopmental toxicity sudyin mice (McKee
etal, 1990) Thes dudieswere read agat of this asessmert but were not considered further
becauselie cacertration of cunene was ess han 3% (about 2 to 40 ppmmaximum
concertration) of the vapors tested.



4.4 Other Studies
Neurotoxicology

Cumene gppears to be amilar to many solvents that produce a profile of acute effects
similar to those of known central nervous system (CNS) depressants such as dcohol. The
occurence d neurological effects from inhalation exposute to cunene has keenconfirmed in
sewera studies,same of which are desdbed below. These stdies ae acué exposures that show
neurotoxicological effects only at quite high concertrations (>500 ppm. Neurtoxicological
effects were not observed, howewer, in the longer term inhalation sudy by Cushman et al. (1995;
Section 4.2), which included conplete batteries d functional ard notor acivity tests ard
neurohistopathology.

Cumene wasone d sx akylberzerestested at0, 2,000,4,000, or 8,000 ppmthat all
produced a sbrt-lived pofile of neurobehavioral effects in mice,indicaing CNSdepessah
activity (Tegers ard Balster, 1994) Effects noted from brief (20-min) exposures to cunene
included hose on CNSacivity (decreased ausalard reaing at>2,000 ppm muscle
tone/equilibrium (changes in grip strength and mability >4,000 ppm, ard snsorimotor actvity
(including decea®d il pinch ard touchresponse >4,000 ppn).

In anacuk expeliment accanparying the subchronic exposures, Cudiman etal. (1995)
exposed Hscher 344 @ts once © 0, 100,500, 0r 1,202 ppmfor 6 hard canducied functional
obsewations 1 hpostexposure. Gat alnormalities ard deceased éctal temperatures wee noted
for both sexes atthe Hghestexposure level only. Decreased actity levels were noted for both
sexes at the hghed levels ard for females only at the rext higheg level (500 ppm) of exposure.
Males, but not females, from the Hghestexposure group had deceasedaespmse b toe pinch at
6 hpostexposure.

In a 5dayinhalation sudy, Fischer 344 iats exposed to 2,000 a 5,000 ppm(9,832 a
24580 ny/n) curene vapor for 6 iday showed pxic efects from exposure (Gulf Oil Corp.,
1985) All rats in the High-exposure gioup ded afer 2 day. At the lower dose, females
demonstrated CNS effects (hypothermia and saggeing). Smilar, but more severe, symptoms
were obsewved n the hgh-exposure anmals before they died.

Fischer 344 s (10/sex/group) were exposed to cunene at 0, 251,547,1,047, or
1,290 ppm(0, 1,234,2,689,5,147,0r 6,342 ngy/n?) for 6 Wday, 5 daw/week br 2 weeks
(Chemical Manufacturers Association, 1989) Initial exposures to 2,000 ppm(9,832 ny/nT)
for 1 to 2 day resuked n suchse\ere neurological ard respratory effects that the cacertration
levels were reduced b those given alove. During the remainder of the 2week exyosure petiod,
clinical obsewations (ocular discharge, deceased rotor acivity or hyperactvity, ard ataxa)
were noted Poradicaly atal levels except251 ppm For females in the two highes dose
groups,the aerage eative kidney weight ard relative ard altsdute adrenal weights wee
increased gnificartly over control values. These dad provide caroboration for these sam
effects reported n the gudy of Cushman et al. (1995)

Respiratory Irritation
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The cancertration of cunmene causng a 50%reduction in the respratory rate in mice was
determined © be 2,058 ppm(10,117 ny/n?) (Kristiansenetal., 1986) This concertration is
quite high ard in the range wlere repeaked exyosure caused dehtard morbidity in rats (Gulf Oil
Corp., 1989;Chemcal Manufacturer s Association, 1989)ard rabbits (Bushy Run Research
Center, 1989c)

Genotoxidty

Cumene wastested atconcertrations up o 2,000 «g/plate in aS. Typhimurumreverse
mutation assay (modified Ames test); negaive results were observed with and without metabolic
activation (Lawlor ard Wagnrer, 1987) Cumene washegatve in anAmesassay at
concertrations up 3,606 ug/plate Forin etal, 1980) Cumene alo tested regative, with ard
without metabolic activation, in aset of HGPRT assays (usng Chinese hamder ovary cells) a
concertrations up o 225u9/mL (Yarg, 1987;Gulf Life SciencesCenter, 1985a)

A micronucleusassay performed in mice gven up © 1 g/kg cunene by gavage wasnegaive
(Gulf Life ScencesCenter, 19851).

A recen micronucleusassay done in Fisher 344 its, howewer, gawe valuesthat were
weakly posttive, athoughlittle dse espaise was seermard deabs occurred atthe Hghestdose
(5/10 ammals at 2.5 g/kg p, anextraordinarly high dose; NTP, 1996) In the first of two
dupicate NTP experments, the average mmber of micronuclei perthousam pdychromatic
erythrocytesat 72 hwasO0.5 for controls, 1.2 at78 ng/kg, 1.2 at156 ng/kg, 1.3 at313 ng/kg,
0.8 at625 ng/kg, 2.6 at1,250 ng/kg,ard 13 at2,500 ng/kg cunene ard 173 in the paative
control (25 mgkg cyclophosphamide). A smilar lack of dose-response was noted in the second
expeiment.

Cumene failed to induce ggnificant rates of transformaion in BALB/3T3 cells (without
activation) at concertrations up © 500.g/mL (Putnam, 1987)but tested paitive in aneatier
cell transformation test dso usng BALB/3T3 cells, in which an increase in transformations was
observed 60 ng/m (Gulf Oil, 1984a) Ore test for unscheduled deayribonucleic acd (DNA)
synthesis (UDS) in rat primary hepaiocytes, usng expaosures of up © 24 .g/mL cumene (without
activation), wasnegatve (Curren, 1992) whereasresults from aneatier test indicated UDS at
doses of 16 aml 32.g/mL curnrene (Gulf Oil, 1984l). Those tests indicaing pasitive mutageric
potential (Gulf Oil, 1984ah) were considered equrocal becaus they were not reproduchle.

45 Synthegs and Evaluation of Major NoncancerEffects and Mode ofAction
(If Known)—Oral and Inhalation

The overall hazad profile presemed by cunene is one o low toxicity. Short-term acue
exposures of anmals to high concertrations (>1,000 ppm denonstrate that cunrene, like aher
sdverts, caninduce tarsiert reversible neurotoxic effects. Howewer, neither neurotoxicity,
portal-of-enry effects, developmenal effects, nor markedly adwerse systemic toxicity are
obsewed afer long-term repeated dse stidies canducted in anmals at lower concertrations

(<500 ppn).
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The increagd renal weights in female rats reported by Cushman etal (1995)to occur at the
highestconcertrations tested ae canxsidered xicologicaly significart under the canditions of
less hanlifetime exposure becausehe fate ard progresson of sucheffects with longer exposure
are rot known. Increasedena weights ako have beenreported n female rats in the 2week
inhalation sudy of the Chenical Manufacturer' s Association (1989) the 4week nhaation sudy
of Monsarto (1986) ard the aal gawage sudy of Wolf etal (1956) alkhough none observed o
reported rena histopahology.

Rerdl histopathology that included lyaline dioplet formation ard anincreasen the
inciderce d proximal tubular hypettrophy wasobserved n males only by Cushman et al. (1995)
These indings, along with others documented n this study (see ®cfon 4.2) are anong cliteria
used to identify chemically induced mde rat «, -globulin-specific nephropahy (U.S. EPA
1991a;Hard etal, 1993) which EPA doesnot consider anappopriate erdpant to deermine
noncarcer toxicity. Althoughit is not shown conclusively that the renal effects in the mele rats
are atributalde to ana,,-globulin mecharism, the awailable evderce srongly suggess that such
a mechansm is operalde with this compound.

Renal weight chargesalso were noted in the mele rats by Cushman etal (1995) Howe\wer,
the extent of assaiation of the renal weight increasen males with the «, -type hstopatology is
not clear The increase ray either precede o be indepemwlert of rena histopathology.
Neverthdess, these weight changes noted in kidneys of male rats may be confounded by
indicaions of ana,,-globulin mecharism or exacebation of rat chronic progressive nephropaty
(Montgomery ard Seegy, 1990) therefore, they are rot used n this asessment.

The gudy of Cushman et al. (1995)with inhaled currene showed hat, in addtion to
increasesn kidney weights, liver weights ako were increasedn both sexes o ratsin a
concertration-depemlert manner. Increasediver weight is also aneffect obsewved n rats
exposed to toluere (methylbereere) a sructural amalog of cunene (NTP, 1990) Liver weight
increases whout accanparying histopathology often are cansdered © resuk from both
hypermplastic ard hypettrophic paenchymal charges assoated wih metabolism of the toxicart,
with the increases usuglbeing reversible on discattinuarce d the toxicart (Sipes ad Gardolfi,
1991) Cudhman etal (1995)observed ro hepaic histopathology. In addtion, the 4week
recovery petiod incorporated n the secad sulzhronic study by Cushman denonstrated hat the
liver charges wee reversible. In male rats exposed b the highestconcertration of cunene, the
33%increasen alsdute liver weight relative to controls obsewnved atthe erd of the first study
was deceasedd only 11%atthe e of the secod sudy. In female rats, the resuks wee
similar, with a 34%increase at the end of the first sudy, as compared to a 13% increase a the
erd of the £cand sudy. Thus athough Cushman et al (1995)did not docunrent actual
increasesn hepatc metabolism, other characteristics d the hepatic respanse ndicate that the
liver responses were highly likely to be adgptive in naure and nanadverse.

Ototoxicity alsois aneffect obsewed n rats exposed b toluere hut that was ot obsewved
in the gudy of Cushman et al (1995)at cunene concertrations ashigh as1,200 ppm

Neurotoxicological effects from long-term exposure to cunrene warranted exaninaton.
After short-term exposures to high concertrations (20 mn at 2,000 © 8,000 ppn), cunene, along
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with many other sdverts, has keenstown to produce tarsiert symptoms typical of CNS
petturbation typical of many other solverts (Tegers ard Balster, 1994) suchasthose reported n
the piincipal study (appeaarce d hypoactvity, bleprarospasmard debyed startle reflex) ard in
the gudy by Monsarto (1986) in which head novements ard hypoactvity were noted. Longer
term exposures to lesserconcertrations do not appeato resulk in deecialde effects kecauselie
extensive examnations conducted in the Qushman et al. (1995)<udy produced o objectve
reproduchble indicatons of neurotoxicological adwersity in rats that had urdergone repeatd
exposures to cunrene for 13 weeksat concertrations ashighas1,202 ppm

Cumene has a supeficial similarity (an aromatic ring) to benzene. Nevertheless, blood
toxicity (a known effect of benzere) has keena focus d both slort- ard long-term studies.
Althoughclinical blood paameters were monitored in several long-term gudies of several
specesexposed to cunene (Falre etal., 1955;Jenkins etal., 1970;Wolf etal., 1956) only
Cudhman etal (1995)dekecied aly Sgnificart hematological peturbations. Due D the relatively
small akerations ard the wide+anging normal values br a rumber of these pagmeters, these
alterations wee considered © be of minor toxicological significarce.

4.6 Weight of Evidence Bvaluation and CancerClassification—Syntheds of Human,
Animal, and Othe Supporting Evidence; Condusions About Human Carcinogenicity;
and Likely Mode of Action

Underthe poposed Gudelnesfor CarcinogenRisk Assessmert (U.S. EPA, 1996) it is
concluded hat the cacinogeric paential of cunmene cannot be detenined because o adequat
daa, such as well- conduded long-term animal studies or reliable human epidemiological sudies,
are awailable to pefform ary assessert. Underthe curent Risk Assessmart Guideines (U.S.
EPA, 1987a) cunene is asigned cacinogencaegay D (not classifialde), indicating inadequat
or no human or animal data.

The netabolic pathways of this compound are, by ard large, known ard do not appeato
involve ary suspecteactve speas. Orein vivo mutagericity test (micronucleug did give a
weakly positive resuk with a dse hat produced nortality, athough cunene gawe negatve
results in arelatively complete battery of in vitro and in vivo mutagenicity tests, including gene
mutation, chromosoma aberration, and primary DNA damage Trendsin structure-activity
relationships ae urclearas mither toluere (methylberzere) or ethylberzere hes keenclassfied
by EPA with respectto carcinogericity. It is clear, with respectto metabolism, howewer, that
cunene is more aralogous b methylbenzere (oluere) thanto ethylberzere, ard toluere slowed
no evderce d carcinogenc actvity in rats or mice n a 2yearinhaation sudy (NTP, 1990) At
presem, there is no likely gerotoxic mode-of-acton to consider for carcinogeric actvity by
cumene. In summay, there is not much sugicion that cumene would pase a Sgnific ant
carcinogenc hazad.

4.7 Other Hazard Idertification Issues

4.7.1 Possible Childhood Suseptibility
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A number of factors nay differentially affect childrens' respanses b toxicarts. The anly
toxicity information on currene of possble relevance b this issue $ that from dewelopmertal
studies one studyin rats (Bushy Run Research Center, 1989a)ard arother in rabbits (Bushy
Run Research Center, 19890, in which no adwerse fetal effects were observed. There is too little
information to make ary further statemerts atout how children may be differentially affected ty
cunene, as here ae ro dat regarding currene exposute prior to mating, from concepion
throughimplantation, or during late gestation, paturition, or lactation.

4.7.2 Possible GendeDifferences

The only gender-related difference observed in the current data on cumene is the
occurrence of renal histopahology in mde rats only. However, this phenomenon is more than
likely related to or confounded ly the nele specfic nephropathy (U.S. EPA, 1991a;Hard etal,
1993)ard hes no relevance b humans.

5.0 DOSE RESPONSE ASSESSMENTS
5.1 Oral Reference Dose
5.1.1 Choice of Principal Studyand Qritical Effect—with Rationale and Jugification

The gudy of Wolf etal (1956)is a repeaed dese sudy (6 to 7 no) of cunene via the aal
route. The sudy sufers from seeral defciercies,including snall group skes ad the lack d
ary quartitative datreporting. The anly significart effect obsewed n this study is a desaption
of dosetelated increasesn average enal weights doseved n the anmals exposed b the mddle
ard high dosages(462 aml 769 ng/kg/day. Too, the doservations of Wolf et al were in female
rats (the only sextested) sothat the renal effects ae rot likely to be confounded as & those
reported or males in the gudy of Cushman etal. (1995) Smilar weight dterations have been
reported n other less-thanlifetime exposures to cunene (Cushmanetal, 1995) in which they
have been shown to have limited reversibility. These dterations are considered toxicologically
significart ard adwerse kecause sucpersistence ndicateslimited reversibilit y and uncertainty
alout the piogressbn ard fate of these dlerations urdertrue chionic exposure. The lack d ary
sucheffectat the lowed dose tested (154 ng/kg/day duration aduged, 110 ngy/kg/day defnes
the NOAEL of this sudy.

An dternative possihility for the principd study would be to use the results of the Cushman
etal (1995)subchronic inhalation sudy atter pefforming a oute-to-route exrapdation. Limited
interroute kinetic information (blood levels of total metabolit es only) is available in rats, from
which comparalde blood levels ard tissue dvels possbly could be cakulated for oral versus
inhalation exposures (Resarch Triangle Institute, 1989) Howewer, the Wolf etal (1956)sudy;,
althoughlimited in qudity, is via the oral route and is of longer exposure duration than the
inhalation sudy (6 versus 3 no). Based on these fact, it isjudged 6 be more appopriate o use
the gudy of Wolf etal. (1956)

5.1.2 Methods ofAnalysis—No-ObservedAdverseEffectLeveland
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LowestObservedAdverseEffectLevel

The increa® in rena weight in female rats observed atthe mddle dcse (462 ng/kg/day of
the Wolf etal (1956)sudyis considered a LOAEL, ard the low dose in this Sudy
(154 ng/kg/day, at which no adwerse efects were noted in ary systens exanined, was
desgnated he NOAEL. Berchmark dose aialysis was ot attempted for this erdpant because
no quartitative dat are presered.

5.1.3 Oral Reference Dos Derivation—Including Application of Uncertainty Factors and
Modifying Factors

The NOAEL for increa®d kdney weight in the Wolf et al. (1956)sudyis 154 ng/kg/day
ard the NOAEL (ADJ), based on adugment for the dated daing schedule d 139 dsey
194 dayg, equas 110 ny/kg/day

Uncettainty factors (UFs) are appled to accaunt for recagnized urertainties n
extrapdation from expetimental conditions to the assured human scemrio (i.e., chronic
exposure over alifetime). Historically, UFs are gpplied as values of 10 ina mutiplicative
fashion (Dourson ard Sara, 1983) Recemh EPA practice, howewer, also includesuse d a patia
UF of 10"? (3.333;U.S. EPA, 1994b on the asumption that the actial valuesfor the UFs are
lognormally distributed. Application of these &ctors in the assessents is that, whena shgle
pattia UF is appled, the facor is rounded b 3, suchthat the total factor for a UFof 3 ard 10, for
exanple, would be 30 @ x 10) Whentwo patial UFs ae ewoked, howewer, they are rot
rounded,suchthat a UFof 3, 3, ard 10 wauld result in a total uncettainty of 100 @ctualy
102 x 10" x 10M).

Uncettainty factors ard the jusification for their use ae as éllows. A factor of 10 s used
for extrapolation of intraspecies differences in response (human variabilit y) as a means of
protecting potentially sensitive human subpopulations. A factor of 10 isapplied for
consderation of interspeces \ariation. A full factor is considered recessar for this variation as
no human toxicity information currently exists. Partial UFs dso are applied for 6 moto chronic
duration extrapdation ard for datbase deiciercies. The patia dagbase defciercy is evoked
becaus of the lack d a full-scale nultigereration reproductive sudy. Cusiman etal (1995)
provides ewderce or a lck d concem that cunene may be a reproducive toxicart. Howewer,
these daa are limited in that they can not provide a complete scientific argurrent that would
definitively exonerate cunene as a eproductive toxicart. For exanple, there ae ro data
regarding cumene exposure to mating, from conception throughimplantation, or duinng late
gesation, paturition, or lactation. The wide issue dstribution denonstrated afer inhalation of
cumene, which included he reproductve orgars (Resarch Triangle Institute, 1989)
denonstrates hat these issues wald be as ighly exposed ashie remainder of the body. The
IRIS ertry for the stucturally related canpound toluere (methylbereere) reports cccurence d a
significart decease |§ < 005) in weight relative to controls in the dfspring in a ane-gereration
reproductve sudy at a NOAEL of 1,885 ng/n? (U.S. EPA, 1997) The total UF = 10 x10 x
102 x 102 = 1,000. No modifying factor (MF) is considered recesary.

RfD = 110 ng/kg/day+ 1,000 = 1E- 1 ng/kg/day
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5.2 Inhalation Reference Concentation
5.2.1 Choice of Principal Studyand Qritical Effect—with Rationale and Jugification

The par of 3-mo subchronic inhalation sudiesreported ky Cushman etal (1995)are
desgnated bgether asthe piincipal sudy for deiivation of the RFC. Althoughthe inhaation
study of Fabre etal (1955)had a bnger exposure regime (around 6 no), only a sngle exposure
concertration was ermployed \ersus he four in the pincipal study. The sudy of Jerkins etal.
(1970)us=d nore gpecesthanthe pincipal sudy ard atained reaty continuous exposure for
90 dag. In compaiison, the piincipal sudy used brger groupsof anmals ard canducted
thoroughard exensive cageside dosewvations, neurotoxicological examnations, ard audiory
function tests. Also, neither Fabre etal (1955)nor Jenkins etal (1970)reported ary sgnificart
adwerse efects, urlike the piincipal gudy. The cloice d Cushman etal (1995)asthe piincipal
study is considered usified because bthese nethodological ard aralytical attributes.

The ciitical effects ae the increases{ < 0.05, charges>10%relative to controls) in both
alsdute ard relative meanweights in the adena glands d both sexes ard in the kidneys o
female rats at the hghestconcertration tested. Althoughboth alsdute ard relative liver weights
alsowere increasedthis effectwas ot consdered aderse kecause amcreasen liver weight,
without accamparying pahology, is a trait of common microsomal-induchng agets (Sipes ad
Gardadlfi, 1991) The rext lower concertration is desgnated ashe NOAEL, although some
other effects wee descibed sanewhat subecively ard gereraly at this concertration
(hypoactivity and some peiorbital swelling); these are not deemed sufficient to warrant
consideration of this concertration a LOAEL, primarily because btheir occurrence n controls.

5.2.2 Methods ofAnalysis—No-ObservedAdverseEffect Leveland
LowestObservedAdverseEffectLevel

The hghed concertration tested, 1,202 ppm is desgnated the LOAEL. The rext lower
dose, 496 ppmis desgnated he NOAEL.

Analyses br benchmark concertrations (BMCs) were pefformed on the alsdute weight
aterations in mde and femde adrena and femde renal weights (Appendix A). An overview of
the kenchmark dose appoachfor heath risk asessmerts is given in U.S. EPA (1995c) The
only data setof the three hat could be modeled to a level of statistical significarce (F < 001)
was nale adena weights. The BMC,, (the lower 95% confiderce lound on the cancertration
from the maximum likelihood estimate of a 10% relative change) values obtained for these daa
were idertical to one arother for the two models, 484 ppm

The ciitical effectthat was he nost corroborated by the cunene datbase, howewer, was
the increase in femde kidney weight, which was not modded successfully. Rather than rely on
unsuccesdlil modding resuts a on resuts from a possbly inappropriate erdpant, the NOAEL
of 496 ppmis used r al further quartitative aralysis. It should be noted that the BMC,, of
484 ppmobtained r the anly data set that wassuccesfully modeked, male adenal weight gan,
is neaty the sane as he NOAEL.
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Calculation of the uman equvalent concertration (HEC) from the NOAEL of 496 ppmis
shown bdow.

 The NOAEL first is converted to milligrams pe cubic meer and duration adjusted; then,
asuming 25 °Card 760 nm Hg,

NOAEL (milligrams per cubic meter) = 496 ppmx MW/24 45 = 2438 ng/nT.

* This cawerted \elue henis duration adusted b continuous exosure, which equas the
NOAEL (ADJ).

2,438 ny/n? x 6hdayx 5 daw7 day = 435 ng/m* = NOAEL (ADJ)

» The scemrio for this effectwas a gas caug a sgtermic or extrarespratory effectthat
assumad atainment of peiodicity for the Hood/air (b/a) cunene concertrations. Because o
b/a lambda (.e., patition coefficiert) vaues br cunene are krown for either anmals or
humans, a deéult value d one is used or this ratio, which indicates hat there exst no
differences letweenarimals ard humans in blood concertrations attained for the sane ar
concertration of currene.

«  Therefore, NOAEL(HEC) = NOAEL(ADJ) x [b:a lambda@) / ba lambda ()] = 435 ng/n? x
1 = 435 ng/n.

5.2.3 Inhalation Reference Concentration Derivation—Including Application of Uncertainty
Factors and Modifying Factors

The NOAEL (HEC) for increagd kdney ard adenal weights in the Qushman et al. (1995)
study is 435 ng/n?,

Uncettainty factors ae appied to accaurt for recaynized urcettainties n exrapdation
from expernmental conditions to the assured human scemro (i.e., chronic eXposure over a
lifetime). Historically, UFs are gpplied as values of 10 ina mutiplicative fashion (Dourson and
Stara, 1983) Recemn EPA practice, howewer, also includesuse o a patial UF of 1042 (3.333;
U.S. EPA, 1994h on the asumption that the actial valuesfor the UFs are lognormally
distributed. Applicaton of these &cfors in the assessents is that, whena shgle patial UF is
appled, the factor isrounded b 3, suchthat the total factor for a UFof 3 ard 10, for exanple,
would be 30 @ x 10) Whentwo pattial UFs ae ewked, howewer, they are ot rounded,such
that a UFof 3, 3, ard 10 wauld result in a otal urcettainty of 100 @cualy 102 x 10"2 x 10.

The UFs appled ard the justificaion for their use ae as éllows. A factor of 10 sused or
extrapolation of intraspecies differences in response (human variabilit y) as a means of protecting
potentially senstive human subpopulations. A factor of 10 isapplied for subchronic to chronic
extrapdation as te progresson or fate of obsewved efects in kidney ard adenals resutart from
true chronic administration is uncertain. A partial (10“?) UF is applied for consideration of
interspeces exrapdation, which akreadyhas keenaddessed paially throughthe catulation of
anHEC. A patia UF alsois used ér datbase deiciercies, principaly because bthe lack d a
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full-scak nultigereration reproducive study (as dscussed alve in the seaton on UF for the
RfD). The total UF = 10 x 10 x 18 x 10" = 1,000.

No MF is proposed Dr this assessert.
RfC = 435 ng/n? + 1,000 = 4E- 1 mg/n?.
5.3 Cancer Assessmen

As discussed alve (Secion 4.5), there ae ro epdemological occupatonal, or long-tem
in vivo animal sudiesaddessing the issue d carcer. No dataexst to suppat ary quanitative
carcerassessert for this compound.

6.0 MAJOR CONCLUSIONS IN CHARACTERI ZATI ON OF HAZARD
IDENTIFICATI ON AND DOSE-RESPONSE ASSESSMENTS

6.1 Hazard Identification

Cunene is a watr insduble petochemical used m the manufacture o seeral chenicak,
including prerol ard acebne. It is metabolized prmarily to the secadary alcohol, 2-phenyl-
2-proparol, in both animals ard humans. This alcohol ard canjugaes theredt are excreted
readily by bath rodents and humans

No human toxicity data exists for cumene Increases in organ weights (most notably
kidney) are the nost prominert effects doseved n roderts eyposed gpeatdly to cunene by
either the aral (Wolf etal, 1956)or the inhalation (Cushmanetal, 1995)routes No adwerse
effects wee obsewnved n rat or rabbit fetuses whse nothers hed beenexposed b aepsolized
cunmene during deelopmert.

The spasity of long-term repeated dse bxicity dat ard the alserce d arny human toxicity
data both constitute areas @ scentific uncettainty in this assessert. The longestrepeatd-dose
study is the aal sudy of Wolf etal. (1956) at alout 7 no, followed Ly the 34mo subchronic
inhalation sudy of Cushman etal (1995) Neither of these dudiesis sufficiernt in duration to
revealthe fate of the dosewed aterations in organweights. Althoughthere exsts no
mulitigeneration reprodudive sudy for cumene, its rapid meabolism and excretion, coupled with
the information on spem morphology reported ty Cushman et al (1995) indicate that cunene
has low patential for reprodudive toxicity.

The pdential human hazad for carcinogericity of cunmene has rot beendeermined,
althoughthere is some eviderce hat suggess this compound may not be likely to produce a
carcinogenic response (i.e., numerous genotoxic tests, including gene mutation, chromosomal
aberration, ard primary DNA danege ests, al but one d which were negative or not
reproducble, were conducied). No highly reactve chemical speces ae krown to be gererated
durng the metabolism of cumene. Although structure-activity relationships to cumene are
problematic, it is clear that cumene, with respect to meabolism, is more analogousto
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methylbenzere (oluere) thanto ethylberzere. Toluere hes keentested n a 2yearinhalation
protocol ard showed ro eviderce d carcinogenc actvity in either rats or mice (NTP, 1990)
No doserespase assessant was peformed on this compound because o data are aailable.

6.2 Do Reponse

The quatitative estimates d human risk as aesut of low-level chronic exposure to
cunene are kesed m anmal experiments kecause o human dat exst.

The human dose hat is likely to be without anappeciale risk o dekterious roncarcer
effects during a Ifetime (the RfD) is 0.1 ng/kg-day. This anount is 1/1000 & the dcse, aduged
for the stated scledule, at which no adwerse efects wee noted in female rats dosed oally with
cunmene over a perod of alout 7 no (Wolf etal., 1956)

The overall confiderce n the RD assessent is low to medium The cafiderce n the
principal sudyis low. For purmposes of quanitative asessmert, the quaity of the piincipal sudy
(Wolf etal., 1956)is marginal becaus the goup szesare ninimal ard camprise females only,
ard little quanitative information is preernted. The caifiderce n the datbase, judged lere as
mediumto low, isimproved from the ealier version on IRIS, principaly because bthe
availabilit y of inhalation developmental studies; some reprodudive measures; corroboration of
the citical effect by other studies,including those usihg oral dosing; ard kinetic information.
Kinetic information on oral ard inhalation routesof exposure (Resarch Triangle Institute, 1989)
justifies utiliz ation of inhalation developmental studies peformed in two species, rats and
rabbits, in which no adverse results were nated. However, no 2-year chronic sudy is available
via the aral or inhalation route. No multigereration studies ae aailable for this compound.
Results on some mde reprodudive paameters were, however, documented in Cushman et d.
(1995) the piincipal sudy for the RFC. The rapid metabolism ard excretion of cunene in both
animals and humans, coupled with the information on sperm marphology reported by Cushman
etal (1995) also indicate cunene to have a bw patential for reproductive toxicity. The ciitical
effect, altered tissue weaghts, was he sane acioss outes d exposure (this was ao the citical
effectfor the RIC) ard was dsewnved n se\eral studies gving canfiderce n the cansistency of
this effect

Justfication for the use ba patial uncettainty facior for sulchronic to chronic
extrapdation was tvofold: (1) the duation of the piincipal study (6 to 7 no) was ntermedete,
betweensulzhronic (3mo) ard chronic (24 no) duration, ard (2) toxicokinetic dat (Secton 3)
indicate that inhaled cunene ard its netabolites ae ckeared quckly from both humans ard rats,
which aso could indicate low potential for cumuative damage.

The daly exposure to the fuman population that is likely to be without anappecialde risk
of dekterious effects duiing a Ifetime (the RfC) is 4E-1 mg/m*. This concertration is 1/1000 &
the adysted ro-effectlevel for significart increasesX10%y) in rena ard adena weights in rats
exposed to currene in the subchronic inhalation sudy of Cushman et al. (1995)

The overall confiderce n the RIC assessert is medium The R{C is based o rat
subchronic inhalation sudies performed with relatively large group szes in which thorough
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histopathological analyses and ancillary sudies of neurotoxicity and ocular pahology were
performed. The scientific quality of this evidence is high. The confidence in the database for the
cunene RfC israted as nedium. Acceptble deelopmenal studies wee caried aut (via
inhdation route) in two ecies, rats and rabbits, with no adverse results noted; however, no
2-yearchronic sudies ae aaiable. Aswith the RD datbase,full-scaké nultigereration
reproducive studies ae lacking. The ciitical effect, altered tissue waghts, is consistent across
routes d exposure (atered kdney weight was aso a citical effect for the RD).

The use ba patia uncettainty factor for interspeces exrapdation is justfied because
specesio-speces daimetric adustments wee made arnl anHEC was catulated.

An area d scentific uncertainty ard cantroversy in this assessert concems the rend
lesions in the mde rats observed in the principd study. The descriptions of these lesions strongly
sugges the male-specfic rat nephropatic response elicited ty compounds such asd-limonene
ard decah (U.S. EPA, 1991a) This asessmert has discourted hese histopathological lesions
in esablishing aneffectlevel for deivation of the RIC because PA does rot consider such
lesions to be anappopriate erdpant for determining noncarcer toxicity. If the male rat renal
effects had ot beendiscaunted, thenthe RD would have beenappoximately fivefold lower,
becaus the NOAEL would be 100 ppnversus496 ppm What has beenaccepéd as
toxicologically relevant from the profile of renal toxicity in the principa study is the increase in
female renal weight. Other repeaed-dose stidies wth cunene also have reported ncreased end
weights anong female rats (Wolf etal, 1956;Monsarto, 1986;Chenical Manufacturer's
Association, 1989) Thes indepeimlert observations, coupled wih the urcettainty alout the
progresson ard outcomes d these dkrations (because bthe alserce d ary true Ifetime
studies)further justfies cansidering these waght aterations as txicologicaly significar.
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8.0 APPENDIXES
Appendix A: Benchmark Concentation Analysesof Data from Cushman etal. (1995)
(1) Computational Modds — Continuous Data

The pdynomial meanresponse regression model (THC, ICF Kaiser, 1990a)ard the Weibull
power meanresponse regression model (THWC; ICF Kaiser, 1990 were used.

THC F(d) = g, + SIGN x [g,(d - dy) + ... +q(d - d,)
THWC F(d) = g, + SGN x q(d - d,)*

where
d = dose,
F(d) = awrage espase atdose d,
Jo» O, O, K = esimated paameters (used to deermine degeesof freedan), ard
SIGN = input indicaing anincreasng or deceasng doserespase finction.

For THC dat inputs, the degee d the pdynomia wasset to the rumber of dose groups
minus e, the carected sumof squaes for eachgroup = (1 - 1) x (standard devation)?, the
response type was rdative [F(d) - F(0)] / H0), ard no threshold wasegimated. For THWC, data
inputs were the same, except that the lower limit of g, was set a 1. Althoughlower values of
g, may produce a htter fit to the dah (i.e,, lower SS; ), the stapes 6 doserespaise cuves
gererated from the lower values dten lack a easmalde biological motivation.

(2) Data

Group men absolute organ weights for femae kidneys and femde and mde adrenals listed
in the pincipal sudy of Cushman et al. (1995)were modekd.

(3) Modd Fit
Modelfit wasjudged ly comparison of a test satistic (F') with F distribution at specfied
degrees of freedom [df; (F table numerator); df, (F table denominator)]. When F equds or
exceeds lte appopriate value n the Fdistribution tables at0.01, it is concluded hat the nodel
did not fit the daa.
F =(Ss / df) I MS)
where

Ss = sumof squaes lack d fit (gererated ty THC or THWC),
Ms, = pooled neansquae pure eror (gererated ky THC or THWC),

df, = dose groupsminus number of paiameters [see (1) alove] =5 - 3 = 2 fumerator
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in F table), ard
df, = degees ¢ freedon gererated by THC or THWC (derominator in F table).

(4) Results

The ciitical effect most correlated with the cunene daibase,female kidney weight gan,
was not modded successfully (F > 0.01, Table 1). Inspection of the modding results (Table 2)
showed that the nodel did not predict the dese+espase dscantinuity in weight obsewved atthe
low dose in the femae kidney. A smilar discontinuity in dose-response occurred with femae
adrena weights, suchthat the nodel did not fit the dat at 500 ppmwhere there wasa decea®,

rather thanincreasejn weight gan relative to the lower dose.

Organ Weight THC BMC10 THWC BMC10

Data Modded (MLE), ppm THC Ft (F, F) (MLE), ppm THWC Fit (F, F)
Male adrenal 484 (656) <0.01 (09, 4.8) 484 (656) <0.01 (09, 4.8)
Femalekidney 1,067 (1229) >0.01 (56, 4.8) 1,072 (1239) >0.01 (56, 4.8)
Femaleadrenal 906 (1p67) >0.01 (71, 4.8) 924 (1168) >0.01 (65, 4.8)

Table 1. BM C,, valuesand gatistical analysis of modelfits to weight gain data from
Cushman 4 al. (1995),where BM C,, is the lower 95% confidence bound on the
concentation of the maximum likelihood esimate (MLE) of a 10% relative
weight change Fits for both THC and THWC were based on clculations from
ICF Kaiser, Inc. (1990ab)

(5) Discusson

Rather thanrely on results from unsuccesful modeling (F/F > 001) or on results from a
possibly inappopriate ermpant, the NOAEL of 496 ppmis used r further quartitative aralysis.
This NOAEL is neaty the same asthe BVIC10 d 484 ppmfor the anly data set that was
modded successfully, mde adrenal weight gan. The critical effect that was most correlated with
the cumene daabase, femde kidney weight gan, was not modded successfully.

Appendix B: Summary of and Response to External Peer Review Comments

The Toxicological Revew for Currene (exceptfor Secions 4.7 ard 60, which were
rewritten sulsequen to external peerreview) ard al individual cunrene assessaris have
undergone both internal peer review peformed by scientists within EPA or other Federa
agerties anl a nore formal external peerreview peformed by scentists chosenby EPA in
accadarce wih U.S. EPA (1994a) Comments made ly the internal reviewers were addessed
prior to submitting the dacunments for external peerreview ar are rot pat of this

26



Dose Obseaved Mean Weight Predicted Mean Weight
OrganData Modded (ppm) (9) THC ard THWC (g)
Male adrenal 0 0.039 0.040
50 0.041 0.040
100 0.040 0.041
496 0.044 0.043
1,202 0.047 0.047
Femalekidney 0 1.40 1.43
50 149 143
100 141 143
496 144 144
1,202 156 156
Femaleadenal 0 0.047 0.048
50 0.049 0.048
100 0.048 0.048
496 0.043 0.048
1,202 0.056 0.056

Table2. Benchmark dos modding of organ weight data from the sudy of Cushman &
al. (1995) The acual data from the gudy (Oberved Mean Wt.) is compared
againd the results obtained from applying both the THC and THWC models
(Predicted Mean Wt.). Bolded text highlights differences letweenpredicted
and obsrved vaues

appenix. Public comments akowere read ad caefully considered. The exernal peer
reviewess wee tasked wih providing written arswess o gereral questons on the overall
assessert ard on chenical speciic quesions in areas & scentific controversy or uncertainty.
A summary of comments nmede ly the external reviewess ard EPA’s respaise b these conments
follows. All three exernal peerreviewers (see Catributors ard Revewers) recanmended hat
this docunment ard the acconparying assesserts were accepable with minor revision.

(1) General Comments
The three exernal reviewers dfered edtorial comments ard many minor, but valuale

suggesions, al of which have beenincorporated nto the text to the exent feasble. Sulstantive
scientific comments are addressed below.
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A. Comment: The appopriateress of Wolf etal (1956)asprincipal sudy for deiiving the aal
RfD

Ore reviewer satesthat EPA is forced b rely on the marginal Wolf et al. (1956)study
because bthe paudiy of other studies hat use he aal route, but the use 6 urcettainty factors
may in pat compersat for the defciercies d this study. Another reviewer states that EPA
appropriately recognizes the severe limitations of the sudy. This same reviewer suggess the ue
of the Qushman et al. (1995)inhalation sudy asanalternative nmethod for deiiving anRfD.

Resmpnse b Canment: The pioposal that the inhalation study of Cushman et al. study be
used or deiivation of the aral RfD has nerit. The reviewernotes carecty that currene is both
readily absorbed and has a amilar disposition by both oral and inhalation routes. The EPA,
howewer, feek that this option is outweighed Ly the slort term (90 day) of the Cusiman et al.
inhalation study (the Wolf etal study lasted 7 no ard is therefore nore in concordarce wih the
intention of the D). Therefore, the Wolf etal. (1956)<gudy is retained asthe piincipal sudy
for the RD assessart.

B. Comment: The potential for hematotoxcity

Onre reviewer cautoned hat myelotoxicity from several compounds, including benzere,
has keendifficult to reproduce n roderts, ard the alserce d distinct blood efects in the rat
studies des rot completely exonerate cunene as a ptential myelotoxic agert in humans.

Resmpnse b Canment: Minor blood efects noted in the piincipal 90-dayinhalation sudy
of Cushman are desabed in this IRIS file. A compaiison of these Iood efects o those
obsened wih benzere is samewhat problematic. The metabolism of benzere is exceedngly
complex. The hematotoxic efects d benzere ae thought to be mediated trough secadary
metabolites,suchas cagchol ard hydroquinone, that canbe involved n peoxidatve processes
(Irons, 1991). On the aher hand, the netabolism of cumene is Smple, the principa metabolite
being a secadaty alcohol that has little propersity to be involved n peoxidatve processes.

It also should be noted that benzere was ésted n the sane oral study with curene (Wolf etal,,
1956) ard that blood efects (leucqena aml eythrocytopena) were reported n rats exposed to
benzere kut not in rats exposed b cunene. Moreover, the megnitude d blood effects dosewved
in the Cushman cumene study are within normal limits for rodents. No changes are proposed to
the IRIS file.

C. Comment: The alsence d liver effects in the aral sudy of Wolf etal. (1956)

Onre reviewerexpressed cocem that liver weight chrarges @long with possble
hepatocellular hypertrophy) were present but not recognized in this investigation.

Resmpnse b Canment: The dudy of Wolf etal (1956)tested anl reported an several
benzeroid camnpounds, in addtion to cunrene (isgpropylbenzere), ard the expenmental
procedues sate that livers wee weighed ard exanined. Resuls o the study report charges n
liver weight ard patology ard in kidney weights ard patology for ethylberzere, liver ard
kidney weight charges br styrere, but only kidney weight charges or cunene. In light of the
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experimental description and observed results, it is urik ely that liver dterations by cumene
would have beenmissed. No charge b proposed D the IRIS file to accanmodate this comment.

(2) Comments onChemical-Specfic Questons

Quedgion 1. Based on the information noted in the curently desgnated pincipal sudy
(Cushmanetal., 1995) is the dscounting of the renal effects in males judified?

Comments: Ore reviewerstated hat it was ot clearthat al kidney charges n the nales
could be atributed ®lely to a, -globulin, but that EPA had presented a scientific basis for
discaurting the nele effects. Another reviewerindicated hat attributing mele renal effects
o,,~globulin without idertification of the spedic protein was poblematic, athoughthe rationale
presened by EPA for the use bfemae renal effects was adequat

The respanse d the third reviewerwas hat the aganweight charges n both kidney ard
liver observed in both sexes were caused primarily by microsomd enzyme indudion, with an
o,,~globulin-lik e response in mdes being meely ancillary to the weight increases. This reviewer
notes that ., -globulin responses do not occur with the structurally related compounds toluene
ard benzere.

Resmnse b Canments: Inrespmse b the third reviewer, liver ard kidney weights ae
increasedn female ard mele rats exposed o toluere, ard kidneys from male rats exposed o
toluere donot stow characternstics d «,,-globulin nephropathy in 14-to 15week exyosures
(NTP, 1990) Cumene, in compartison, shows increa®d Iver ard kidney weights (and adenals)
in femde and mde rats, and kidneys from mde rats exposed to cumene show some
charactenstics d «,,-globulin nephropathy (perfusion of uncharacterized lyaline dioplets)
in 13week eyposures. Thus,respases @ rats to cunmrene exposure stow characteristics koth of
toluere exposure ard of ageis causng male-specfic o, -globulin nephropathy. Becausehe
relevancy to humans is urclear, EPA pdlicy indicates hat male-spectfic «,,-globulin is not an
appopriate toxicological erdpant for use n dosefespmse assessens. Due b this pdicy ard
to the inconclusiveness d the information on the idertity of cunene as anx, -globulin agent, the
effects in the male kidney are cansidered © be confounded an are dscaunted. This logic is
currently presered in the IRIS file, ard no charge s proposed.

Quedion 2. Issuficiert rationale gven to let stard the aganweight charges n female rats as a
critical effect?

Comments: Ore reviewerconsders the rationale adequat Another reviewerappoves d
the rationale, while stating that asseiated rena pahology (none was desdboed in the sudy)
would be more compelling. The third reviewer gates that organ weight changes in both kidney
ard liver, obsewved n both sexes, should be considered as dtical effects. The third reviewer
also considered he weght increases bsewved n kidney ard liver of both sexes adwerse anl
caused Y microsomal erzyme induction (as appaently is the casedr effects from toluere).

Resmpnse b Canments: Liver weight increases wercarefully considered as a caritical
effect Asa nstter of pdlicy, liver weight increases vihout accanparying pahology may be
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indicative o increasediVer metabolic capady ard usudly are cansidered Ly the BPA to be
adapive, not adwerse, in nature. As poainted out by the reviewer, both liver ard kidney weights
are ncrea®d n female ard nmele rats exposed to toluere by air or by gavage (NTP, 1990)ard
liver weight increagsare the kesis for the curent toluere RID (U.S. EPA, 1997,IRIS Online).
In the case btoluere, the iver weight charges wee considered nore adverse in character
becauseiVer damage s a daunmented sequel of toluere eyposure in humans. Newertheless,
increasesn hepatic weght are rot considered as aradwerse, co-critical effectin the case b
cunene toxicity because o pamlel evderce exsts for human hepatc danage fom cunene
exposure, ard becauseiver weight increases dmot appeato be a cansistent respanse n anmal
studies. Liver weight increases wernot obsewved n the aal study of cunrene by Wolf et al
(1956) Future eviderce n the aea d cunene liver toxicity may be sufficiert to jugify incluson
of liver weight charges as a dicaleffect No charges ae proposed b the curent IRIS fle as a
consequeree d this comment.

Quedion 3. Isthe information in the toxicological review suficient to consider that cunene has
low patential for causng reproductve effects?

Comments: All reviewess cansidered cunene as arurikely reproductve toxicart. One
reviewerdid not consider cunene as aikely reproductve or dewelopmertal toxicart, based m
the toxicological evidence (including analysis of the available sudies), the rapid dimination
from the body, and results of sudies with smilar but unspecified compounds This same
reviewerrecanmends hat the IRIS file should reflect that not only are nultigereration
reproducive sudieslacking, but also there ae ro dat regarding cunene expaosure prior to
mating, from conception throughimplantation, or during late gestation, parturition, or lactation.

Resmpnse b Canments: The alove satenert on spediic alserce d da@is incorporated
into the IRIS file a several locations.
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