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FOREWORD

The purpee of this revaw is to provide sientific suppat and atiorale or the hazad
idertificaion and doseespmse assessmenfor bothcancer andaencancer dects the oal
refererce dose anche inhalation referete cancertration) fromchronic exposue tocunene.
It is not intendedd bea canprehensie treaise an the chenrcal or toxicological nature of
cumrene.

In Secion 6, EPA ha charactezed ts overal confidence in the quantatve aml
gqualtative asped of hazard and dee-response (U.S. EPA995a) Mattersconsideredn this
characteraton include krowledge gaps, unctinties, quaty of dat, and saentific
controverges. Ths charactearation is presented ian défort to meke apparent thémitatons of
the individual assessmtsand b aid and guidehe risk assessan the ensuig steps bthe risk
assessmerprocess. For other general inforation alout thisassessmeror other qustions
relating to thelntegrated Risk lformation System(IRIS), thereader isreferred to EPAS Risk
Information Hotline at(513)569-7254.



1.0 INTRODUCTI ON

This docunent presets the deivation of the roncancer doseespase assessmenfor ol
exposure (he oralreference dose or RfD) and fanhalation exposurel{eé inhalatiorreference
concertration or RfC) and he cancehazard and dosesspmse assessmen

The RfD and RfC are metto provide information on long-em toxic efects aher thran
carcnogencity. The RfD s baed m the assumtion that thresholds exst for cettain toxic
effects such as delar recrosis but may noéxst for other toxg efects, such as swe
carcinogenic responses. The Rfzxpressed imnts of milligrams per kilogram per dg
In gener§ the RfDis an esmate (with uncertaty spanning perhaps an ordemadgnitude) of a
daly exposure to the humapopulaion (induding sensive subgroups) thas likely to be
withoutan apprecidb risk o dekterious dkcts duing a Ifetime. The inhalationRfC is
anabgous o the aal RfD. The inhalationRfC cansiders oxic efects br both tle respratory
system(portal-ofentry) and for effects peipheral to theespiratory systenfextrarespiratory or
systenic effects) It is expressed in unit o mg/ne.

The caranogencity assessmers meart to provide information on thee aspectsfahe
carcnogenc risk assessmeifor the agehin quesion: (1) the US. Environnertal Proecton
Agency(EPA) classiicaton and @) quartitative esimates o risk rom oral exposue ard
(3) inhalationexpcsure. Tle clasificaton reflects a weght-of-evdence judgmetnof the
likelihood that the agehis a umancarcnogen and e canditionsunder wiich the caranogenc
effects nay beexpressed. Quétative risk esimates are presead in three wag. Theslope
factor is the resuk of applcaton of a bw-dose eirapdation procedure andsipreseted as he
risk permg/kg/day Theunit risk is the quatitatve esimate in terrs o either risk perpg/L of
drinking waer or risk peug/nt of air breahed. The third form inwhich risk ispreseted is
drinking watr orair concertration providing cancerrisks ofl in 10,000, 1n 100,0000r 1 in
1,000,000.

Dewelopmert of these hazardlertificaions and doseaespamse assessmenfor cunene has
followed he gerralguidelnes br risk assessménas seforth by the Natonal Research
Counci (1983) Other EPAguidelnesthat wee usedm the deelopmert of thisasessrant
include Rsk Assessmrt Guideinesof 1986 (U.S. EPA,1987a) (prgposed) Gudeinesfor
CarcinogerRisk Assessert, 1996 (J.S. EPA,1996a) Guideinesfor Dewelopmenal Toxicity
Risk Assessert (U.S. EPA,1991c) (proposeal) Interim Pdicy for Paticle Size and Imit
Corcertration Issuesn Inhalation Toxeity (U.S. EPA,19940), (prgposed) Gudelnesfor
Neurmtoxicity Risk Assessart (U.S. EPA,1995h), Methods forDerivation of Inhalation
Refererme Gncertratonsand Appicaton of InhalationDosimetry (U.S. EPA1994c)
Guideinesfor Reproducive Toxkity Risk Assessert (U.S. EPA,19961) Recanmendabns
for and Docurantation of Biological Valesfor Use n Risk Assessert (U.S. EPA,1988) ard
Use d the Benchnark Dose Approachin Heath Risk Assessert (U.S. EPA,1995c¢)

Literature search sategy empbyed Pr thiscompound wee baed m the Chenrcal
Abstract Servce Registy Number (CASRN) and aleastore canmon name. Aa mnimum, the
following databses wee searched 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 Risk mformation
System(IRIS) submissbn desk also was osidered n the deelopmert of thisdocunent.

20 CHEMICAL AND PHYSICAL INF ORMATION RELEVANT TO AS SESSMENTS

Cunenealsois known as sopgopyl berzene,(1-methylethyl)-benzene, ah
2-pherylpropane. Some relevanphysical and chemgal propeties d cuneneare isted below
(Mackay and Shuil981; Hasch and leo, 1985)

CASRN: 98-828

Empirical formula: CyH,,

Molecubr weight: 1202

Vapor presure: 4.6 nm Hg at 25°C

Water sdubility: 50 mdL at 25°C

Log Koy 3.66

Conversion factor: 1 ppm = 4.9 mg/m.0 mg/m= 0.2 ppm

Points to be n@e fom these poperties nclude hat, atroom temperature, cliene is a
volatile liquid, that arborneconcertrations of over 6,000 ppn{29,400 ng/n?) may beatained,
and tat cunene is eaty insduble in water. Structurdy, cunene isa memker of the alkyt
aromaic family of hydrocarbons, wibh alsoincludes tduene (methpenzene) and etlipenzene.

3.0 TOXICOKINETICS RELEVANT TO AS SESSMENTS

Inhalation tsts caxducted in humans idlicate hat cunene isabsaobed ready via the
inhdation route, thait is meabdized dficiently to water stuble meabdites withn the body,
and tat these netabolies are excretedfefiertly into the uine with noevidence @ long-term
retentionwithin the body. These esuks cancur with the resuks o anmals studies. The
combined indings ndicate hat neithercunene nor & netabolies areikely to accunulate
within the body.

Human vdunteers (five ma and five women) were exposed lagl-anly for 8-h periods to
cunmene v@ors (Sehczuk and itewka, 1976) Every 10 dag, eachsibject was expsed to ore of
three diferent concertrations ofcunmene,240, 4800r 720 ny/n?. Sanples ofexhaled ar were
coallected (nethod not clearfrom text)during exposues for estmation of respratory tract
retention,and ume was ctlected fom each suject duing exposue and br 40 hthereater.

The mearrespratory tractretentionwas eported b be50% (range, 45 b 64%), even athe
highe$ concertration, athoughno data isgiven to sippat deivation of these alues Excreton
of cumene, edtmated from uiinary anounts of 2-pheyt-2-propang wasmaimal dter 6 to 8 h
of exposue and appoached zey at 40 h postexposer The pbt of timeaganst urinary
excreton of this metabolé revealed aapid ealy phaset(,, = 2 h) and a siwer later phase
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(t, =~ 10 h. Approximately35% of the calcuated absobed dose was excreted as 2-plten
2-proparol during the 8 hof expcsureand 40 h pstexposure.

Groupsof Fischer344 ats (minimum 4/x/group) weke stdied afer beiy expseal to
radiolabeled cumane (8% puity) either by single intaverous dose (35 gikg); single oal
gavage doses (33 or 1,350 mg/kg); single 6-h nose-only inhalation (100, 500, or 1,500 ppm); or
eight daly oral gavage deses 83 ny/kg), with the eigtih dose beig radiolabeled Research
Triangle Institite, 1989) The inhalation stidiesindicated apid atsorption,with detectale
levels of cumene appeang in the blood witin 5 min of the beginning of exposure. The gavage
studies shwed that cunenewas abstbed ready via this raute, wth maximum blood levels
occuring atthe ealiest time point sanpled (4 h) for the lower dose and at ®t16 hfor the
higher dose. knination of cumee from the blood appeared amnoexponenal with a haf-
lif e calcuated between 9 © 16 hfor the gaage doses.The patern ofcunenedisappearance
from the Hood in tre inhalationstudies also appearea be monexpmentialwith the half-lives
increasg with dose, from3.9 h at 100 ppito 4.6 h at 500 ppnto 6.6 h at 1,200 ppm
Analysis of tissues (presurbly immediately after exposure)ndicated that sevelrissues,
including adpose, liver, and kidneyal had elevatedissueblood ratios otunene, rgarmdless d
the route d cuneneadmnistration, indicaing thorough distibution of cunene thraighout the
bodyindependent of admirtigton route. In genetavery smilar rates of éminaton were
obsened acoss outes and exposeiconcertrations, with urine being the major raute d
elimination (>70%) at ary dose adinisteral by ary route. Total baly clearance wasypid ard
complete, lss han 1%of the absobed faction beirg presehin the lody 72 h atfer the highest
expasure rgime exanined, 1,200 ppnfor 6 h Metabolism oftunene bycytochromeP-450
extensive and &kes place wihin hepatic and ekrahepat tissuesincluding lung (Sito ard
Nakgima, 1987) with the secadary alcdhol 2-phelyl-2-proparol beirg a pmcipal metabolie.
Over al dosesand putes exanmed n the ReearchTriangle Institite sudy (1989) >50% of
urinary excreton in ratswas accouted for by 2-pheryl-2-proparol and ts glucuonide o sufate
conjugaes. The kalarce d excreton in the utine o these exposedtswas accouted for by
conjugaes of2-pheryl-1,2-prgparediol and an unkown metabolé, pasiblya dicaboxylic acd
metabdite of cumae.

40 HAZARD I DENTIFICATION
4.1 Sudies in Humans—Epidemology, Ca® Reports, and Clinical Controls

No such studies werlocated 6r thiscompound.



4.2 Prechronic and Chronic Studies and Cancer Bioassays in Animals—Oral and
Inhalation

Cushman, J.R., J.QNorris, D.E. Dodd,K.l. Damer, and CR. Morris. 1995. Subhronic
inhalation toxcity asessrart of cunene in FischeB44 iats. J. Am. Coll. Toxiol.
14(2): 129-147.

Two successke subchonic inhdation taxicity studies were awlucted with cumee vaors
(>99.9% purepn FischelB44 @ats. In tle first sudy, groups(21/x) were expcel to 0, 100,
496, or 1,202 ppm (0, 492, 2,438, or 5,909 mipbumene vapor for 6 h/day, 5 days/week, for
13 weekgdurafon adpsted or continuous expsure to0, 88, 435, and 1,055gm?). The
secand study was aepeatof the first, exceptthat the goup size was decreasenl15/sex and an
addtional group (50 ppmduraton adjusied b 44 ng/n?) and a 4 week @iexposurepeliod
were added. Animalswere sacificed a éw days atter the last exposug in the first study ad
after the 4-week petexpcosurepetiod in the secad sudy. Paameters monitoceincluded
clinical signs of toxcity; body weght; foodand waér consumption; hematolgy and srum
chenistry; organ weghts; and goss pahologyand hstopahology, including exanmation of all
respratory tracttissuesthree seaons of tte lungs anddur secions of tle resalturbinates)

In bothstudies, evaluains o neurological function (incional olsewvation battery [OB] ard
motor actvity) were conducted. In the first sudy, anFOB was peformed on 10 ratgsex/goup,
and notor acivity tests wee conducted on 15 rats/€xgroup. In the secod study motoracivity
tests onlywere peformed on 15 ratgsex/goup. The FOBswere pelformed prior to the expsure
and o the weekend#ollowing Weeks 1, 2, 4, 9, and 13 expasure; motomacivity was
determired pior to expassureand o the weekenddllowing Weeks 4, 9, and 13 expasure.
The sane anmalswere exanined at each evaluah. Alsoin the first study 6 rats/£xgroup
were peffuson-fixed for anaysis of tke rervous systertissues. Because cataractsendstected
in the first study, a nore thoraugh potocolwas usedn the secad sudy. In the first sudy, the
eyes wee exanined ace ly a shgle ophthalmolgist duing the last week 6 exposue. In the
secand study eyes wee exanined ndepemlertly by two ophthalmolgists preexposerand at
Weeks 4, 9, and 13, and\Aeek 4 postexposerand ag cataracts detected vesronfirmed
histopathdogicdly. In thefirst study, spen from epididymies (takerfrom 15 maleats/group)
and he left testis fromeachmalewere evaluaéd for spem court and spen morpholay, ard
cross-sedons of testes wee exanined Pr evaluaion of the stages fospematayeresis n an
effort to judge he pdential ofcumene tocaug reproductve toxicity. Auditory brain sem
responsesvere neasured at 4, 8, 16, and 30 kHzidgPcstexpsure Week 1 é the secod
study.

Trarsient, reversiblecageside dosenationsduring expsure peliods ircluded lypoacivity,
blepharcspasmand a delyed or absenstatle reflex atthe hghest cocertraton. Rat exposed
to 496 ppm wee reported asbeirg hypoactve duing expesure,athoughno further spetics
were given. An ircreasedrcidence 6 cataracts washserved n males at dl exposue
concertrations in tte first study These esuks wee not olseved n the secad study in which
incidence 6 cataraabus changes wemotdifferent from hstorical cantrols norconfirmed by
moreexensive hstopahological anaysis. In tle first study staisticaly signficart (p < 0.05)
exposue-relatel decreasesimotoracivity (ambulatory and btal acivity) were olsewved n
male ratexposedd the two highest cocertratons ofcunene, but tese esuks wee not
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reproduced n the secad study There wee noexposue-relatel changesi the FOBs in either
study No efects wee olsenved n the reurohistgathological exanmations. E\aluaion of the
audtory brain stemrespmses ewvealed 0 changesn the audiory function of tle exposed
anmals although 3/10 femaletsin the highest exposure group were noted to have \tagab
in their waveforms ecaded at 4 kHz.These esultswere judged ly the auhors not to be
indicatons of ototoxicity lecause bthe variahlity of the responses. It alsenoted that the
ototoxicity known to acur wih toluene, a stictural analg of cunene, iseMdert only at
frequenes of 8 kHz and higher. The lyrgross histopatHogy noted was periocular siveg,
which occurred in anmals at the two highest cocertrations (and fowhich neither icidence or
seveity wasreported).

In the first study bothabsdute and elativeweights weee increased sigficartly (>10%,
p < 0.05)in the kidneys, admalglands, andvers d both sees atthe hghest cocertration.
In females, mean kidney waihts wee increased 11%absolite) and 16%relative),adenal
weights19% (absolite) and 26%relative),and iver weghts34% (absolte) and 40%relative).
In males, mean rendweights wereincreased 12% (absolute) and 10%afree), adrenbweights
20% (absolite) and 27%relative),and iver weghts33% (absolite) and 30%relative). These
changes abwere notel in the iver atthe rext lower cacertraton (500 ppm for both females
(7% asolute 11% reative) and maleq20% absolutel7% relative). The results of the second
study, with a 4-week postexposure perimdjcated limied reveribility of these alterations
because sigficart mean weajht increases gtw ere presenin female lier (13% abslate, 11%
relative)and emaleadenals (2% alsolute,8% relative) of tle highes expasuregroup. Orly
malerelative kidney weghts (6%) and abdate liver waghts (11%) renaired ircreased
signficartly. These akratiors in weight are casidered oxicologicaly sigrificart and aderse
because such pasterce ndicatedimited revermility and uncertanty about the progression and
fate of trese dkeratiors under clonic exposue. There wee nocunene-relatd differences n
weights d lungs, testes,ovaries, or brain at ary exposue level ineither study At the end éthe
exposue in tke first study water consumption was ncreased ypas nuch as 40%n male ratsat
the wo highest exposarconcertrations. Alteratiols wee notel in a rumber of hematolgical
paameters, ioluding a cocertration-relatel increasen leukocytes (which is consistentwith the
study of Jenkinset al, 1970,below) and platelet in malesand £malesas well asin
lymphacytes in malesit 496 and 1,202 pprand sgnificart (p < 0.05) decreasas erythrocyte
paraneters (erythrocyte count, hglobin, hanatocrt, mean corpusculahemoglobin, and man
corpuscuar hemglobin concertration) in male ratst these cocertrations. All of these
alteratiors (exceptfor the platelet couin which was ncreased yparound 20%over cantrols, in
males exposeda the Hghest cacertration) were within nornmal ranges Kitruka and Rawnsley
1981) with noaccanparying indicatons of hematolgical toxicity, and herebre are casidered
of minimal toxcologicalimportarce. Maphological evaluaibn of epdidymal and esticular
spem showed ro cunene-relatd differerces n either coun, morphol@y, or stages b
spematageresis,athoughore high-dos rat did havediffuse testiclar atophy.

The anly microscqoic effect associated i these egan weght changes was ancreased
incidence 6 kidneylesions n male ratsatthe two highest expos@rconcertrations. The
incidence of hypertrophand hyperplaia of proxmal tubula epithdial cells and inerstitial
nephritis were increasedignificartly at 496 ppn(12/15 and 13/15espeately) and 1,202 ppm
(14/15 and 13/15especively) compared ¢ controls (145 for each dfect). There was also an

5



increasen se\erity with dose m exposedenal tssuesjncluding hyaline dioplet fornation,
where doseelatal increasesn the incidence é moderateand narked segrities wee 2/15, 3/15,
14/15, and 14/1icontrolsand d@egroupsin ascendig order of expasureconcertration.

The relevarce d these enaleffects b human toxcity is quesionabk becausehe lesion
descibed relates cbsely to the nmale ratspediic nephropaty. The EPA has esablishal scentific
policy and seeralcritena for assigndabn of malespedic renal n@hropathy caused Y chenicals
that induce excesge accunulation ofco,,-globulin (U.S. EPA1991a; Had et al, 1993) The
rend histopathdogy reported irthis studyfulfills sever&of these ctera: lesions werdimited
to males; hydine droplé formaton (as corifmed by the Mdory-Heidenh@n mehod) was
noted and ncreasedn se\erity in a doserelated fashon; lesions associated wh the pahologic
sequence b, -globulin nephropathy werencted, includng tubdar protenosis (presumaly
from exoliation of epitdial cells into the proxmal tubula lumen) and tubulaepithdial cell
hypeaplasia and hypgrophy (presumed to beegeneative from tubula necrosi$. Although a
major criterion is not met in tl study postive idertificaton of the accuralating potein in the
hydine droplés aso, -globulin, the paternde<ribed grongly sugges$s male rat spefi
nephropathy. Chronic progressive nghropathy, which alsooccurs predaminately in male rats,
also ischaractdreed ly tubular hpemplasa and poteinosis (Montgorary and Segf, 1990) ard
this alsomay becontributory to tlese enal lesions. The weght ateratiors in the adenalsard
femalekidney are cosidered ptentially adwerse. The increased war consumpton notel also
may irdicate paential for renakffects, ahoughthis effect was preserat dosedvelsat whch
renal weights were n@tered. Athough the progresson of these weight aérations from
continued exposue camot beascetained fom thissulzhronicstudy daia from tre secad
(postexposure) studgdicatelimited revermility t o the adrerlg, atleastin females. Theliver
weight alteratiors are ot viewed as ad¥ becausencreasen liver weght without
accanpatrying pahology isa trait of common micreomal-inducng agems (Sipes and Gaolfi,
1991) Basel on the lowed doseat whch both relativeand alsoluteweight alterationsare
statisticaly (p < 0.05) and iblogicaly (>10%) significart, 1,202 ppms a bwed-observed-
adwers-efectlevel (LOAEL) based o weight alteratiors dosewved n the first studyin the
adrenal tissuesf both sexesnd he kidneg in females. Té rext lower dese,496 ppmis a
no-oberved-adwerse-efectlevel NOAEL).

Fabre, R., R. Troaut, J. Bernuchon, and F.itidlier. 1955. Toxicologic sudiesof sohers to
replace lerzene. lll. Study of isopropybenzene or cumene. Arch. M&rd. 16(4): 285-299.

In aninhalation sidy, Wistar ratswere expased to 2,500 ng/m?® cumene vaor for 8 h'day;
6 day/week,for up o 180 dag (duraion adusted b 714 ng/n?), and abbitswere expcsed to
6,500 ny/n? usng the ssmeexpcsure rgimen @urafon-adusted cocertration is 1,857 ng/nt).
Clinical signs of taicity, body weight blood and bonenarrow parameters, andstopahological
effects prain, cerebdum, heat, stomach liver, pituitary, intestine, spnal cad, bone marra,
ovary, panceas parathyroid, lung, pleen kidney, adrenals testicle thymus thyroid, and
bladdej were monitorel. In the rat, the rumber of red Hood cels decreased ightly, but no tet
for statstical signficance was p&rmed. Histlogical efects gported wee "passve
congesion” in the lungs,liver, spleenkidney and adenalsand te presencefdemorrtagic
zonesin thelung, henosiderosidn the splen, and Isionsfrom epitdial nephritis "in sene



cases".It was ot clearif these dflects occured in bothspecies. Bth of these exposurlevels
induced aders efects.

Jenkns, L.J., Jr., R.A. Joneand J Siegel 1970. Long-term inhalation s@enng sudiesof
berzene tolueneo-xylene,and curene orexpeimental anmals. Toxcol. Appl. Pramacd.
16: 818-823.

In aninhalationexpsure sudy, groupsof SplagueDawley or Long-Evans rats @ 15),
Princeton-deived gunea pigs 0 = 15), beage dogs 0 = 2), and squrel monkeysif = 2) wee
expasal to cureneat cancertrations of18 a 147 ng/m? continuoudy for 90 dag. Initial ard
temminal body wéght, hemaologic and @inical chemistry parameters, and histopatfmgic data
were cdlected. The mly effect noted was a #fjht degree bleukocytosis n ratsat both
concertrations, which is consistentwith the results of Cushmaet al (1995) The sameeffect
occurred ina smilar group of rats exposed to cuneeat 1200 ny/n? for 8 Wday, 5 dawweek
for 30 exposues, athoughnonewere indicated as staticaly signficart. No other
toxicologicaly sigrificart effects wee notel in etther gunea pigs, dogpr monkeys.This
single concertration defnes a LOAEL for thisstudy

Monsarto Commary. 1986. Onemonth stidy of cunmene va@or admnisterel to maleand Emale
Sprague-Davey rats byinhdation. U.S. EPA/OTS Puib Fles, 8D sulmission. Microfche
No. OTS0513229.

Male and EmaleSprague-Dawley rats 10/sx/group) wee expaed to cunmene v@or
concertrations of0, 105, 300pr 599 ppm(0, 517, 1,475pr 2,946 ng/nT) for 6 hWday,
5 days/week, for approxmately 4 weeks finimum eposure, 20 dg). Urinalysis, hanaology,
and dinical biochenistry on serumificluding BUN, SGOT, LDH, and totailir ubin) were
performed. Animalswere observed dgfor signs of toxicity. Necropsy was penfoed on
5 ratgsex/goup atthe end dthe expsure. No deahs accurred duing the fudy. Cageside
observabnsincluded hypoadtity in the high-concentratn anmalson sane days during the
expasurepetiod. Sigrs of toxcity obsered duing the pre-or postexpcsurechecksncluded
concentrabn-rdated ircreasesn side-to-side head nsementsin bothmales and femalein all
dosegroups(combinel total incidence dung expasure of0, 14, 21, and 4&f controlsand he
three dsegroups, head iit (total incidencem al dosegroupsof 0, 5, 4, and 8dr controls ard
the three dose gups) and arched back iore female in tie hgh-dose gioup. Oher less
signficarnt obsewations ircluded died, reddish dischrge aound tle rose and neathe eyesn
neaty al dose goups and cotrols. Other effects dserved n males include abpecia (nid-dose
group duing Weeks 2, 3, and 4 expacure)and svollen conjunciva duing Week 4m the
high-dose goup. Increasegp < 0.05)in mean abolute leftand rght kidney weghtswere
observed high-dosmales, as weréncreasesdn left kidneyin low and middosemales. In high-
dose émales, the mean abdote weight of left kidneys was greatép < 0.05)thanin controls.
No canpound-relaté patiological changes werdetected dumg gross or microscopic
exanination. Assuning that the renalchanges aong the nales wee associated wh male rat
speciic nephropathy (e albve), the cage-sidelmsewnations of lead tit and head wvements
became tte citical efects for this short-term atly with a LOAEL of 105 ppm This stidy
confrms that renaweight changes occun females, therely corroborating snilar effects
reported n the gudy of Cushmaret al (1995) It should be notkthat the efects ascociated wih
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centralnevous system pertbetion (i.e.,head moements) werenat nated in seeral other longer
term stidies including that of Cushmaret al (1995) where eurotoxicity wasspediicaly
assessed

Wolf, M.A., V.K. Rowe, D.D. McCdister, R.L. Hdlingsworth, and F. Oyen. 1956.
Toxicological studies bcettain alkylated berzenes anddrzenes. Arch. Ind. Heath
14: 387-398.

Groupsof 10 male Wishr ratswere admnistered 139 dees ofcunene bygawege n olive
oil at 154, 4620r 769 ny/kg/dayover a 194-day6- to 7-mo) petiod (duraion adusted dese x
139/194 = 110, 331gr 551 ny/kg/day. Ratsgiven olive al served as catrols (n= 20) Body
weights, food casumpton and nortality were notel throughout the gudy, athoughno results
are fiown. Hematolagical evaluabnswere conducted ater doses20, 40, 80, and 130, antbbd
urea fitrogen de¢rmirationsand goss and tstological exanmations (Lings,heat, liver,
kidneys, spleeradenals,parcreas, anddmoral bone marw) were conducted atthe end dthe
study. Effects were not obsered at 154 mykg/day An increasen average kidney weht was
noted as a Slight effect' at 462 ng/kg/day A morepronourced weght increasen average
kidney weght, notel asa "mocerate diect’, occured at 769 rg/kg/day athoughno
quanitative dat ispreseted. The LOAEL is considered b be462 ng/kg/day and he NOAEL
Is 154 mg/kg-day.

4.3 Repraductive/Devebpmental Studies—Oral and Inhalation

Bushy Run ResarchCener. 1989b Dewelopmerial toxicity study of inhaled cunmene vg@or in
CD (Spraguebawley) rats. Finaprojectreport 52-621. TSCATS0522881EPA/OTS Doc.
No. 40-8992172.

Sprague-Dawley rats (25/group) were exposed to 0, 99, 488, or 1,211 ,p487,(@,399,
or 5,953 ng/n?) cunene for6 Wdayon Days 6 through 15 ¢ gesation. Dans were obsered or
clinical signs of toxicity, body wght, gravwd uteiine weaght, liver waght, abnormities of the
respratory tract numkers d corpora lutea,implan@ation sites, resarptions, andiving and dead
fetuses. Fetuses werexanmned r exerral, visceral and skeletamalformatiors and wariatons.
At the two highest cocertrations, peiioral weiess and encruation, hyoactvity ard
bleprarospasmand sigificartly (p < 0.05) decreaseddd comsumpion were olserved n the
dans. At the Hghest cocertration, there was a sigicart (p < 0.01) decrease bady weght
gan onGestaibn Days 6 through 9 (accmpaned by a sigifi cart decreasenifood caxsumpton)
and a sght increase 1.7%) in relative lier weght. There wee nostatsticaly signficart
adwers efects on reproductve pammameters or fetade\elopmert. For this sady, 1,211 ppmis a
dewelopmertal NOAEL, and 488 ppn(2,399 ny/nT) is a materral NOAEL.

Bushy Run ResarchCener. 1989c. Dewelopmenal toxicity study of inhaled cunene vgor in
New Zealand Wite rabbits. Finaprojectreport 52-622. TSCATS0522881EPAOTS Doc.
No. 40-8992172.

New Zealand Wite rabbits (5/group) wee expadal to 0, 492, 1,2060r 2,297 ppm

(0, 2,418, 5,9280r 11,292 ny/n?) cunene for6 Wdayon Days 6 through 18 & gegation.
Damswere observed faclinical signs of toxicity, body weght, grawd uteiine weght, liver
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weight, almormalities o the respratory tract, numlers d corpora lutea,implantation sites,
resarptions, andiving and deadetuses.Fetuses werexanined r exterral, visceral ard
skeletalmalformatios and ariatons. Twodoes died athe hghest exposerconcertraton.
There wee sgnificart (p < 0.01)reductons in baly weght gan (178.11 gdstcompared ¢
31.55 g gaied n the cantrol group) and éod conxsumption atthe Hghes expasure level.
Signficartly (p < 0.05)reduced 6od caonsumption also wasobsered n the 492- and 1,206-ppm
expasuregroups Clinical signs of toxcity obsered n the doesncluded gynificart (p < 0.01)
increasesn peilioral and penasal wehess and lepraraspasm athe hgh cacertration. At
necropsy, tlere wee color changesn the lungs 0f33% of the does expsed to 2,297 ppm
Relhtive liver weght was sigificartly (p < 0.01) elevated (16.8%f control weight) at the
highest exposirlevel. Tkere wee nostaisticaly signficart effects o gestaibn palameters;
howeer, there wee nonsigniftart increasesn nonvalde implans, and edy resorptions and a
nonsignifcart decreasenithe percenof live fetusesat 2,297 ppm The anly variation obsered
was anincreasen eccltymosis (lenmorrhagic areas dthe skn) of the headhat occurred in al
exposead anmals (0,5.4, 3.7, and 4.9%f the fetusesand 0, 35.7, 28.6, and 25.086the ltters at
0, 492, 1,206, and 2,297 pprnespedtely), which wasnot concertration-relatel. Onfurther
analsis, EPA 19910 determired tat the rates ofecclymosis in this stdy weke within the
ranges observedifahe histoical contrds of this testfacility. No othermalformations or
variations differed from control values. Althoughthe ateratiors doseved n gestaibnal
paraneters were not sigiic ant, they were comtent in indicaing possible devepmental
effects. Basedmthisconsistency, th Hghest exposuarlevel isconsidered a DAEL. The rext
lower level, 1,206 ppmis considered a NOEL for bothdewelopmertal and naterral efects.

No multigeneraibn regoductive study asts for this compound by either oral anhdation
route. Netherare tere ag dat conceming cuneneexposue prior to mating, fronconcepion
to implantaton, or duing late gestabn, partuition, orlactaton. The pmcipd study (Cushman
et al, 1995) however, conducted norpholagical evaluaibn of epdidymal and estialar spem in
ratsexpcsed for 13 weekdo cunmrene vaors. No cunene-relatd differencesin court,
morpholay, or sagesof spematayeresiswere notel, athoughore high-dos rat did have
diffuse esticular atophy. The IRIS ertry for the stucturaly related canpound toluea
(methylbenzeneyeports occurerce d a sigifi cart decreasep(< 0.05)in weight relative to
controls in the dfspring in a cne-germration r@roductve sudy at a NOAL of 1,885 ng/n?
(U.S. EPA, 1997).

Cunenewas a nmor componrert of aromatic ngphtha vapors that wee tested n a
inhalation re@roducive toxicity study in ratsand a deglopmenal toxicity study in mice (McKee
et al, 1990) These tudies wee read as parof thisasessran butwere notconsidered tirther
becauselie cacertraton of cunenewas éss han 3%(abait 2 © 40 ppmmaximum
concertration) of the vapors tested.



4.4 Other Studies
Neurotoxicology

Cumene appears to béglar to many sdvents that produce a prefof acute #ects
smilar to those of known central nervous system (CNS) depressants such ak diteho
occurerce d neurological efects fom inhalationexposue tocunene ha been cofirmed in
se\eralstudies, sme ofwhich are desabed below. These studies are aetgxposues that stow
neurotoxicologcal efects onlyat qute hgh cancertrations (3500 ppm. Neurtoxicologcal
effects were not obsered, howeer, in the longerterm inhalation stdy by Cushmaret al (1995;
Section 4.2), which included conplete batteds d functioral and notor acivity tests aul
neuwohistopathology.

Cumenewasore d six alkylbbenzenesestd at 0, 2,000, 4,000y 8,000 ppnthat al
produced a sbrt-lived pofile of neurobehavoral effects n mice, indicaing CNS depressan
actvity (T egers and Balster,1994) Effects notel from brief 0-min) expcsures tocunene
included hoe an CNS acivity (decreased awusal and reang at>2,000 ppm) muscle
tone/equililsium (changed grip strength and niwlit y >4,000 ppn), and €nsorimotoracivity
(including decreaseali pinchand buchresponse 4,000 ppm).

In an acug expeimentaccanparying the sibchronicexpasures,Cudqimanet al (1995)
exposead Hscher344 ats ore © 0, 100, 5000r 1,202 ppnfor 6 h and caducied functioral
obsewations1 h postexposer Gat alnornalities and decreased rectamperatures wernoted
for bothseyes atthe Hghest exposurlevel only. Decreased awity levels were notal for both
sexesat the hghes levelsand br females onhat the rext hghes level GO0 ppm of expcsure.
Males, but not femals, from the Hghest exposergroup had decreasedespmse b toe pnchat
6 h pstexpaure.

In a 5-dayinhalation stidy, Fischer344 atsexpaed to 2,000 @ 5,000 ppnm(9,832 a
24,580 ng/n?) curene vaor for 6 hdayshowed bxic efects fromexpasure (Gilf Oil Corp.,
1985) All rats in tre Hgh-exposire goup died afer 2 day. At the lower dcse, females
demonstrated CNSfeects (lypothemia and staggering). idilar, butmore severe, syptoms
were olsewved n the Hgh-exposire ammals before thy died.

Fischer344 ats (L0/sx/group) wee expasel to cuneneat 0, 251, 547, 1,040
1,290 ppm (01,234, 2,689, 5,147, or 6,342 mdyror 6 h/day, 5 days/week for 2 weeks
(Chemtal Manufactures Assaiation, 1989) Initial expcsures ta2,000 ppn(9,832 ny/nT)
for 1 to 2 day resuked n such segre neirological and espratory effects hat the cacertration
levelswere reduced 6 tho® gvenalove. Duing the remairder of the 2-week exposermpeliod,
clinical obsewvations (ccular discharge, decreasedator acivity or hyperacivity, and ataia)
were notel Poradicaly at al levelsexcept 251 ppmFor females in @ two highes dose
groups,the averagealativekidney weght and elativeand abslute adienalweights wee
increased sigficartly over cantrol values. These dat provide caroboration for tiese sam
effects reported n the gudy of Cushmaret al (1995)

Respratory Irritation
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The cancertration of cunenecausng a 50%reducton in the respratory rate in nce was
determired © be2,058 ppm(10,117 ng/n7) (Kristiansen et al, 1986) Thisconcertration is
quite hgh and m the range wheregpeated exposarcaused dehtand norbidity in rats (Gilf Oil
Corp.,1989;Chemcal Manufactureis Assaiation, 1989) and abbits (Bishy Run Resarch
Cener, 1989c)

Genotoxicity

Cumenewastesed at caocertratonsup o 2,000ug/plate n aS. Typhimuriunteverse
mutationassay (radified Amestest); negéive results werebserved wih and wthout netabolic
activation (Lawlor and Wagner, 1987) Cumenewvasnegatve in anAmes asayat
concertrationsup  3,606ug/plate Florin et al, 1980) Cumenealso testd regatve, with ard
without meabdic acivation, in a set of HGPRT asga(using Clnese henger ovay cells) at
concertrationsup o 225u9/mL (Yang, 1987; GilLife ScerncesCenkr, 1985a)

A micronucleus asaypeiformed in mice gvenup © 1 g/kg cunene bygavage wasnegaive
(Gulf Life ScercesCener, 19851).

A recen micronwcleus asaydone in Fister 344 ats, havewer, gawe valueghat wee
weakly postive, athoughlittle dose espanse was seermand dedis accurred atthe highest dose
(5/10 armalsat 2.5 g/kgp, an exraardinarly high dese;NTP, 1996) In the first of two
dupicate NTP expeiments, the average umker of micronuclei pethousad pdychromatic
erythrocytes at 72 h was 0.5/ controls, 1.2 at 78 mg/kg, 1.2 at 156 gikg, 1.3 at 313 grkg,
0.8 at 625 my/kg, 2.6 at 1,250 gikg, and 1.3 at 2,500gtkg cuneneand 17.3n the pacsitive
contrd (25 mgkg cyclophosphaide). A smilar lack of dose-response was notedha second
expeiment.

Cumenefailed to induce sigificant rates of transfaraion in BALB/3T3 cdls (without
activation) at concertrationsup © 500.g/mL (Putnam,1987)but teséd pcitive inan ealier
cdl transfomation test also usg BALB/3T3 cdls, in which anincreasdn transfomations was
obsened 60 ng/m (Gulf Oil, 1984a) One est forunscheluled deayribonucleic acid (DNA)
synthesisUDS) in rat primary hgatcytes,usng expasures olup © 24 ng/mL cumere (wthout
activation), wasnegatve (Curren,1992) whereasesults froman ealfer test irdicated UDS at
doses 0fl6 and 32«g/mL cunrene (Gulf Oil, 19841). Tho<® tests imlicaing positive mutaeric
potential (Qulf Oil, 1984ab) were considered equbcal becaus they wee not reproducble.

4.5 Synthesis and Evaluation of Major Noncancer Effects and Mode of Action
(If Known)—Oral and Inhalation

The overal hazard pofile preseted by cunene is or o low toxicity. Short-termacue
expaosures ofanmals to hgh cancertrations (>1,000 ppnp denonstiate hat cunene, like aher
sdverts, caninduce tansien reversible nerotoxic effects. Howeer, neither nerotoxicity,
portalof-enry effects, deelopmenal effects,nor marledly adverse systenc toxicity are
obsewed afer long-em repeated dose studiesrotucted in anmals at lower cacertrations
(<500 ppm).
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The increasedeanalweights in female rats perted by Cushmaret al (1995)to occur atthe
highest cocertrations tested are cosidered dxicologicaly signficart underthe canditions of
less hanlifeime exposue kecausehe fateand pogresson ofsuch efiects wih longer exposar
are ot known. Ircreasedenalweights alsohave leenreported n female rats in # 2-week
inhalation stidy of the Chenical Manufactureis Assciation (1989) the 4-weekmhalation sidy
of Monsarto (1986) and he aal gaage sudy of Wolf et al (1956) alkthoughnone obserd o
reported ranal histopathology.

Reral histopathology that included lyaline droplet fornation and anncreasen the
incidence 6 proximal tubular hpettrophy wasobsered n males only by Cushmaat al (1995)
These indings, abng with othersdocunented n thisstudy(see Seabn 4.2) are amng critenia
used todentify chemically induced maleat ., -globulin-specific nephopathy(U.S. EPA
1991a; Had et al, 1993) which EPAdoesnot consider an apapriate endpmt to determine
norcancertoxicity. Althoughit is notshown conclusively that the renaleffects n the male rats
are atributabdle to ana,,-globulin mechaism, the avaiable evdence srongly siggess that such
a mechaism is operale with thiscompound.

Renalweight changes abwere notel in the male rats by Cushmaat al (1995) Howe\er,
the extent ofassociabn of the renalweight increasen males with thea, -type hstopatology is
not clear The increase ray either precede obe irdepemnlert of renal hstopahology.
Neverthdess, these weiglthangesioted in kidneys of male rats mag confounced by
indicatons ofana,,-globulin mechaimsm orexacebation of ratchronic progressive ng@hropathy
(Montgorrery and Sesl, 1990) therebre, they are ot used m thisasessrart.

The gudy of Cushmaret al (1995) wth inhale cunene showd that, in addtion to
increasesn kidney weghts, liver weghts also wee increasedn bothseyes o rats in a
concertration-depenlert manner. loreasediver weght isalso an dectobsewved n rats
expasdl to toluene inethylbenzene) atsuctural anadg of cumene (NTP,1990) Liver weight
increases wihout accanparying histopatiology oftenare cmsidered ¢ resuk from both
hypermplastic and lypettrophic parenchymalkhanges associatedtiwvmetabolism of t& toxicart,
with the increases usuglbeing reversible ordiscantinuance bthe toxicart (Sipes and Galolfi,
1991) Cushmaret al (1995)obsered ro hepatc hstopahology. In addtion, the 4-week
recovery petiod incorporated n the secod sulchronicstudyby Cushmandenonstiated hat the
liver changes werreversible. In male raexposedd the highest cocertration of cunrene, the
33%increasen absdute liver weght relative tocontrols olsenved atthe end dthe first study
was decreased tonly 11% atthe end 6the secod study In female rats, #resuks wee
smilar, with a 34%increase at the end of thest study, as gopared to a 13%ncrease at the
end d the secad sudy. Thus althoughCushmaret al (1995) did ot docunentactual
increasesn hepatic metabolism, othecharactastics d the hepatic respanse ndicate hat the
liver responses wetdghly likely to beadaptve in naure and nordverse.

Ototoxicity alsois an efectobsened n ratsexposedd toluene lut that was ot olsewved
in the gudy of Cushmaret al (1995) at curaneconcertratonsashigh as 1,200 ppm

Neurmtoxicologcal efects fom long-em exposue to cunmenewarranted exanmaton.
After short-termexpaues to hgh cacertrations 20 min at 2,000 ¢ 8,000 ppn, cunene,along
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with many othesdvernts, ha been stwn to produce tansiem symptoms typical of CNS
petturbation typical of many other soktts (Tegers and Balster,1994) such ashos reported n
the piincipal study(gppearance fchypoactvity, bleprarospasmand dedyed statle reflex) and n
the gudy by Monsarto (1986) in which head novementsand lypoacivity were notel. Longer
termexposues o lesser cocertrations do not appeato resulk in detectale effects becausdé
extensive exannationsconducted in the Qushmaret al (1995)study produced o obgctve
reproducble indicaions of neirotoxicologcal adwersity in rats tht had undegore repeated
expasures taocunene forl3 weeks at awertratonsashigh as 1,202 ppm

Cumene has a supécfal similarity (an aromait ring) to benzene. Nevertless, blood
toxicity (aknown effect of berzene)has been adcus d both stort- and bng-tem studies.
Although dinical blood parmeters weremonitored inseveralong-tem gudies of several
species expgal to cunene (Rlre et al, 1955;Jenkinset al, 1970;Wolf et al, 1956) only
Cushmaret al (1995) detected grsignificart hematolgical peturbations. Due b the relatively
smal akeratiors and bhe widerangirg normal values 6r a rumber of these paameters, tese
alteratiors wee considered @ be of minor toxaological sigrfi cance.

4.6 Weight of Evidence Evaluation and Cancer Classification—Synthesis of Human,
Animal, and Other Supporting Evidence; Condusions About Human Carcinogeniaty;
and Likely Mode of Action

Underthe proposed Gudelnesfor CarcinogerRisk Assessert (U.S. EPA,1996) it is
concluded hat the caranogeric paential ofcunenecannot be detenined because o adequat
data, such as Weconducted lag-tem animal gudies or réable huma epicemiological studies,
are avdable o peform ary assessmén Underthe curent Risk AssessmerGuideines (U.S.
EPA, 1987a) cunene isasigned cargiogen categry D (not classifialde), indicatng inadequag
or no huma or anmal data.

The metabolicpathways of thiscompound arepy and arge, kown and donot appeato
involve ary suspecteactve species. Gxin vivo mutayericity test (micronucleysdid give a
weakly postive resuk with a dosehat produced nortality, athough cunenegawe neatve
resuls in a rdatively complete battery ofn vitro and invivo mutagenicity testsincluding gene
mutation, chreanosamal @erration, and pmary DNA damage. Trendsn structure-aatity
relatiorshps are unclear asiher toluenertethylbenzene)pr ethylbenzene &s been clased
by EPAwith respectto carchogericity. It is clear, with respectto metabolism, hoeer, that
cunene is moreanabgous 6 methylbemene {oluere) tranto ethylbenzene, andbtuene shwed
no evMdence @ carchogenc actvity in rats or mce n a 2yearinhalation sady (NTP,1990) At
presen, there & no likel/ gerotoxic mode-of-acion to considerfor carchogenc actvity by
cumene. In summgy, thereis not much suspicio that cumee would pose a sigic ant
carcnogenc hazard.

4.7 Other Hazard Identification Issues

4.71 Possible Childhood Susceptibility
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A numker of faciors may differentially affect chldrens’ respanses ¢ toxicarts. The aly
toxicity information oncurrene ofpossble relevarce b this ssue $ that from dewelopmertal
studies one stidyin rats (Bishy Run ResarchCentkr, 1989a) and asther in rabbits (Bshy
Run ReearchCener, 198910), in which noadwer= fetaleffects were obsered. There & too little
information to m&e ary further statemets atout hov chidren may bdlifferentially affected ly
cunene,as here are a dat regarding cumeneexposue prior to mating, fronconcepion
throughimplantaton, or duing late gestabn, partuition, orlactaton.

4.72 Possible Gender Diferences

The only gende-related diffeence obseved in the curnet data on cumene is the
occurrence of rehdistopathdogy in malerats oty. However, tis phenomenois mae than
likely relatel to or confounded Iy the male spedic nephropathy (U.S. EPA1991a; Hadl et al,
1993) and &as no relevace b humans.

5.0 DOSE RESPONSEASSESSMENTS
5.1 Oral Reference Dse
5.11 Choice of Principal Study and @tical Effect—with Rationale and Justification

The gudy of Wolf et al (1956)is a repeated dse stdy (6 to 7 no) of cunene va the aal
route. The study suérs fromse\eraldefciencies,ncluding smal group sizes andie lack d
ary quaritative dat rgorting. The anly signficart effect obseved n thisstudyis a desaption
of doserelatal increasesn average @nalweights doseved n the amals exposedd the mddle
and hgh desages(462 and 769 grkg/day. Too, the dosenations of Wolfet al were in female
rats (the onlysextested) sathat the renaleffects are at likely to beconfounded as ardbse
reported or males in th gudy of Cushmaret al (1995) Smilar weight alterations have been
reported n other less-t#nlif eime expasures tocunene (@shman et al, 1995) in which they
have been shown to halmited reverdility. These alterations are cadered toxicdogicaly
signficart and aderse because such pesterce ndicatesimited reveriility and uncertanty
alout the piogressbn and ate of tlese dleratiors undertrue chionic exposue. The lack d ary
such effiect atthe lowed dose testd (154 my/kg/day duraton adusted, 110 my/kg/day deines
the NOAEL of this study.

An alternatve possihlity for the pncipd study would be to use the resutif the Cusiman
et al (1995)subchronic inhalation stly ater peforming a outeto-route exrapdation. Limited
interroute kinetianformaton (Hood levels of totd metabdites oty) is avalable in rats,from
which comparalte blood levelsand tssue évelspossbly could ke calcubted for oral versus
inhalationexpasures (Rsearchriangle Instite, 1989) Howe\er, the Wolf et al (1956)study;,
althoughlimited inqudity, is via the oral route and &f longer exposure durian than the
inhalation stidy (6 versis 3 no). Baseé on these fad, it is udged 6 be moreappopriate b use
the gudy of Wolf et al (1956)

5.12 Methods of Analyss—No-ObservedAdverseEffectLevel ard
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LowestObservedAdverseEffectLevel

The increasen renalweight in female rats obsesd atthe mddle dse @62 ng/kg/day of
the Wolf et al (1956)study is considered a DAEL, and te low dose in this sidy
(154 ng/kg/day, at whch noadwerse efects were notal in ary sysens exanined, was
designatedie NOAEL. Berchmark dose angsiswas ot atemptal for thisendpant because
no quaritative data are presemed.

5.13 Oral Reference Dos Derivation—Including Application of Unertainty Factors and
Modifying Factors

The NOAEL for increased kidney wght in the Wolf et al (1956)studyis 154 ng/kg/day
and e NOAEL(ADJ), basé on adustment for tk dated dsing schdule d 139 dses/
194 dayg, equas 110 ny/kg/day

Uncetainty faciors (UFs) are appéd to accoun for recogmzed unceiainties n
extrapdation fromexpeimental canditions to the assured humanscenaio (i.e., chronic
exposure over kfetime). Histoincally, UFs are apple as vaues of 10 ina multiplicatve
fashion (Doursommnd $ara, 1983) Receh EPA pracice, howewer, also ircludes use foa patial
UF of 10"2(3.333; U.S.EPA, 19941 on the asumption tlat the actualvaluesfor the UFs are
lognormally distributed. Applicaton of these faabrs in the assessméis trat, when a sigle
pattial UF is appled, the facor is raunded 6 3, suchthat the total factor for a UFof 3 and 10for
example, would 30 @ x 10) Whentwo pattial UFs are evked, howewer, they are ot
rounded,suchthat a UFof 3, 3, and 10 wouldesult ina total uncetainty of 100 (actudy
102 x 10" x 10M).

Uncetainty factors and he justificaton for their use are a®flows. A factor of 10 s used
for extrapolaibn of intraspecies fferencesn response (human varilitty) as ameans of
protecing potenially senstive huma subpopulavns. Afactor of 10 isapplied for
consideraibn of interpecies ariation. A full factor is considered necessafor this varation as
no huma toxicity information currenly exists. Parial UFs also are appliefor 6 moto chronic
duraion extrapdation and br daabae deiciencies. The patial datbae defciencyis evoked
becaus of the lack d a full-scale nultigeneraion reproductive sudy. Cuimanet al (1995)
provides eidence br a lack & concem that cunene may bea reproducive toxicart. Howe\er,
these data aremited inthat they can not prae a canplete seentific argument that would
definitively exonerate curaneas a eproductve toxicart. Forexamplethere are a data
regardig cumeie exposure tenging, from conception througimplantaion, or duing late
gestaibn, paturition, or lactaton. The wide tssue digibution denonstiated affer inhalation of
cunmene,which included he reproductve orgars (Researchlriangle Institite, 1989)
denonstiates hat these issues would éas highly exposed ase remairder of the body. The
IRIS ertry for the stucturaly related canpound toluenengethylbenzeneyeports occurerce d a
signficart decreasep(< 0.05)in weight relative tocontrols in thke dfspring in a ane-gereration
reproductve sudy at a NOAL of 1,885 ng/n? (U.S. EPA,1997) The total UF = 10 x10 x
102 x 1042 = 1,000. Nomoadifying facor (MF) isconsidered necesry.

RfD = 110 ngy/kg/day+ 1,000 = 1E- 1 mg/kg/day
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5.2 Inhalation Reference Concentration
5.21 Choice of Principal Study and @tical Effect—with Rationale and Justification

The par of 3-mo sibchronic inhalation sidiesreported by Cushmaret al (1995) ae
desgnated ogether asthe piincipal study for deiivation of the RIC. Althoughthe inhalation
study of Fabe et al (1955)had a bnger expsure rgime (arand 6 no), onlya sngle expcsure
concertration was empyed \eraus he four in the pincipal study The studyof Jerkins et al
(1970) used wre specieshanthe pincipal study and atined neadly continuous expseure for
90 dag. Incompaison, tre piincipal study useddrger goupsof annmalsand coducted
thoraugh and etensive cage-sidelmssenations, neirotoxicologcal exanmations, and audory
function tests. Also, neither Fabet al (1955)nor Jenkingt al (1970)reported aly signifi cart
adwers efects, urlike the pincipal study. The cloice d Cushmaret al (1995) aghe piincipal
studyis consideredysified becausefdhese nethodologtal and angtical atributes.

The citical efects arelie ncreasesy < 0.05, changes >10%lative tocontrols) in both
absdute and elative nean wajhts in the adenalglands 6 both sexes and m the kidneys ©
female ratsatthe hghest cocertration tested. Althoughbothabsdute and elative liver weghts
also wee increasedthis effect was ot considered adere because ancreasen liver weght,
withoutaccanparying pahology, isa trait of conmon micresomal-induchng ageis (Sipes ath
Gardolfi, 1991) The rext lower cacertration is desgnated ashe NOAEL, akthoughsome
othereffects wee descibed sanewhat sulpecively and geerally at this concertration
(hypoactvity and sane periorbitd swelling); these are not deemed sudfit to warrant
consideraibn of thisconcertration a LOAEL, primarily because btheir occurrerce n controls.

5.22 Methods of Analyss—No-ObservedAdverseEffectLevel ard
LowestObservedAdverseEffectLevel

The hgheg concertration tesed, 1,202 ppmis desgnated he LOAEL. The rext lower
dose,496 ppmis desgnated he NOAEL.

Analyses br benchrark cancertratons (BMCs) weke pefformed on the abstute weight
alterationan maleand femaleadrendand femalerend weights (AppendixA). An overview of
the kenchnark deseappoachfor heath risk asessmarts isgiven inU.S.EPA (1995c) The
only data setof the three hat could ke maleled to a kevel ofstatstical signficance (F < 0.01)
was nale adenalweights. The BMC,, (the lover 95% cafidence lound an the cancertration
from themaximum likelihood esimate of a 10% riative change) aes obtaed fa these data
were idenicalto ore arther for tke two madels, 484 ppm

The citical efectthat was e nost caroboratel by the cunenedatbase, however, was
theincreasan femalekidney weght, whch was notmodded successfully.Rather than g on
unsuccessfl modeling reuts a on resuts from a possbly inappropriate exdpoint, the NOAEL
of 496 ppmis used or al further quaritatve anafsis. It should be notkethat the BMIC,, of
484 ppmobtaired or the anly dai set that wassuccesfully modekd, maleadenalweight gan,
is nealy the sane as he NOAEL.
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Calaulation of the humanequvalentconcertraton (HEC) from tle NOAEL of 496 ppmis
shown bdow.

The NOAELfirstis converted tamiligrams per cubicmeter and durabn adjisted; then,
asumirg 25 °Cand 760 mm Hg,

NOAEL (millig rams per cubicmeter) =496 ppm x MW/24.45 = 2,438 mgim

» This canverted \alue thenis duraton adusted o continuous exposur, which equas the
NOAEL(ADJ).

2,438 ng/m® x 6h/day x 5 dag/7 days = 435 ng/m? = NOAEL(ADJ)

» Thescena for thiseffect was a gas caungia systenc or extrarespiatory effect that
assumad atainment ofpeiiodicity for the Hood/air (b/a)cuneneconcertrations. Because o
b/a lamhda (.e., patition coeficiert) values ér cuneneare krown for ether anmals or
humansa deéult value d one is used or this ratio,which indicates hat there exst no
differerces etween amalsand lumans in blood amertrations atained or the sane ar
concertration of cunene.

» Therefore NOAEL(HEC) = NOAEL(ADJ) x [b:a lamlda@) / b:a lamida )] = 435 ng/m® x
1 = 435 mg/m

5.23 Inhalation Reference Cone@ntration Derivation—Including Application of Unertainty
Factors and Modifying Factors

The NOAEL(HEC) for ircreased kidney and adralweights in the Qushmaret al (1995)
study is 435 mg/f

Uncetainty factors are apj¢d to accoum for recogmzed uncerinties n exrapdaton
from expemmental canditions to the assured humanscenaio (i.e., chronic exposue over a
lifetime). Historcally, UFs are appli as véues of 10 ina multiplicative fashon (Dourson and
Stara, 1983) Recem EPA pracice, howewer, also ircludes use foa patial UF of 1042 (3.333;
U.S.EPA, 19941 on tre asumption tlat the actualaluesfor the UFs are bgnormally
distributed. Applicaton of these faabrs in the assessmeésis that, when a sigle patial UF is
appled, the facor is raunded b 3, suchthat the total factor for a UFof 3 and 10for example,
would ke 30 @ x 10) Whentwo pattial UFs are evked, howevwer, they are ot rounded, such
that a UFof 3, 3, and 10 wouldesult ina otal uncetainty of 100 (actudy 1042 x 10"2x 10.

The UFs appéd and he justificaton for their use are aflows. A facior of 10 sused ér
extrapolaibn of intraspecies fferencesn response (human varilitty) as ameans of protedng
potentally senstive huma subpopulabns. Afactor of 10 isapplied for subchrort to chronic
extrapdation as te piogresson or fate of obewved efects n kidney and admals rgukart from
true chronic admintsation is uncertén. A parial (10%2) UF is applied for consderaion of
intergecies ettapdation, which akreadyhas been addressed pally throughthe calcuation of
an HEC. A pattial UF alsois used 6r daabae deiciencies, pncipaly because tthe lack d a
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full- scale naltigeneraibn reproducive study(as discussed alve n the seabn onUF for the
RfD). The total UF = 10 x 10 x 1 x 10"2= 1,000.

No MF is proposd for thisassessmén
RfC = 435 ng/m® + 1,000 = 4E- 1 mg/m.
5.3 Cancer Assessmen

As discussed alve (Secton 4.5), there are a epdemological occupaional, or long-em
in vivo animal sudies addresng the issue 6 cancer No dat exst to sippat ary quanitative
cancer assessnteor thiscompound.

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

6.1 Hazard Identification

Cunene isa waer insduble petochemecal usedn the manuficture @ seweralchenicals,
including phewl and aceaire. It is metabolied pmarily to the secadaly alcahol, 2-phetryl-
2-proparol, in botharnmalsand lumans. Thisalcchol and cajugaes thered are excreted
readilyby bah rodents and hmans

No human toxicity data exists for cunme Increases in orgaweights (mostnotably
kidney) are he nost plominert effects dsewved n roderts exposedapeated} to cunene by
either the aral (Wolf et al, 1956)or the inhalation (Gishman et al, 1995)routes No adwerse
effects wee olsewned n rat or rabbit fetuses whke nothers tad been exposea taeosolzed
cumeneduring deelopmert.

The spardy of longtem repeated doseokicity data and he absencefaary human toxgity
data bothconstituteareas bscentific uncetainty in thisassessmen The longestrepeateddose
study is the aal study of Wolf et al (1956) at alwut 7 no, followed Ly the 3+mo subchronic
inhalation stidy of Cushmaret al (1995) Neither of trese tudiesis suffciert in duraton to
revealthe fate of tle dosewed ateratiors in organ weghts. Althoughthere exsts no
multigeneraibn reproductive studfpor cumane, its rapid meabdism and excreion, coupled with
the information on spem morphol@y reported ty Cushmaret al (1995) indicate hat cunene
has low potatial for reproductre toxicity.

The pdential hunan tazard ér carchogericity of cunmene ha rot been detrmired,
althoughthere s somesvdence hat suggess thiscompound may not be likgko produce a
carcnogenic response (i.enumerous grotoxic tests, includig geie mutation, chromosomal
aberation,and pimary DNA damnege ests,al but ore o which were neyatve or not
reproducble, were conducted). No highly reactve chenical species are kavn to begererated
during themeabdism of cumene. Although structure-agity relationshps to cumee are
prodemadic, it is clear that cumee, with respect tsngabdism, is mae analogous to
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methylbezene {oluere) thanto ethylbenzene.Toluene las beertested n a 2yearinhalation
protocoland siowed ro evidence & carchogenc actvity in either rats or nce (NTP, 1990)
No doserespase assessmewas peformed on thiscompound lecause o data are avdable.

6.2 Dose Reponse

The quanitative esimates d human rsk as aesuk of low-level chronic exposue to
cuneneare lased m anmal expemments becausemhumandat exst.

The humandose hat is likely to bewithoutan apprecidb risk o dekterious nncancer
effects during a Ifetme (the RD) is 0.1 ng/kg-day Thisanount is1/1000 & the dese,adusted
for the stated schlule, at with noadwers efects wee notel in female ratslosed cally with
cunene oer a peiod of alout 7 no (Wolf et al, 1956)

The overal confidence m the RfD assessmers low to medium The canfidence m the
principal studyis low. Forpurpcses ofgquanitative asessrart, the quaity of the piincipal study
(Wolf et al, 1956)is margiral becaus the goup szes are inimal and canprise females only,
and lttle quanitative information is preseted. The canfidence in the datbase,ydged lereas
mediumto low, is improvel from the ealier version on IRISprincipaly because bthe
avalability of inhdation devdopmentéd studies; sone reproductivemeasures; corroboration of
the citical efect by otherstudies,ncluding thog ushg oral dosng; and knetic information.
Kinetic information on orl and nhalation raitesof expasure (Researcilriangle Institite, 1989)
justifies uilization of inhdation devdopment&studies perfomed in two species, rats and
rabbits, in whid noadvese results weraated. Howeer, no 2-year chraic study is availale
via the aal or inhalation rate. Nomultigenerabn studies are avable for thiscompound.
Resuls on smne malereproductive paragters were, however, docunted inCushman et al.
(1995) the pincipal study for the RFC. The rapid metabolismand excrabn of cunene in both
anmalsand humas, coupled with theaformaton on spem maphdogy reported by Cushan
et al (1995) also irdicate curane to have bw potential for rgoroductive toxicity. The citical
effect, altered tissue waghts, was he sane acioss outes d exposue (ths was alsdhe citical
effectfor the RfC) and waslasseved n se\eralstudies giing canfidence m the cansistency of
this effect

Justficaton for the use ba patial uncetainty facior for sulchronic tochronic
extrapdation was tvofold: (1) the duraion of the pincipal study(6 to 7 no) was nternedate,
between subhronic (3mo)and clonic (24 no) duraton, and @) toxicokinetic data (Secton 3)
indicate hat inhaled cuneneand ts netabolies are cleared quigkfrom both humanand ats,
which also could idicatelow potental for cumuldive danage.

The daly exposue to the rumanpopulaton that is likely to bewithoutan apprecidb risk
of dekteriouseffects duiing a Ifetime (the RfC) isAE-1 mgm?®. This concertration is 1/1000 @
the adysted w-effect level for signifi cart increasesX10%) in renaland adenalweights in rats
expcsal to cunene in tle aibchronic inhalation sty of Cushmaret al (1995)

The overal confidence m the RfC assessmeis malium. The RfC 5 based an rat
subchrort inhdation studies perfaned with rdatively large group sizes which thorough
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histopathdngical anayses and ariltary studies of neurotacity and ocular pathology are
perfomed. The seentific qudity of this eMdenceis high. The conflencein the databastr the
cuneneRfC is ratel as nedium. Acceptbk deelopmenal studies wes caried ait (via
inhdation route) in two species, rats antbits, withno advese resultsioted; however, no
2-year chonic studies are avable. As with the RfD daabase,full-scale naltigeneraibn
reproductive studies are lackg. The citical efect, atered tissue wajhts, is consistentacioss
routes & exposue (alered kidney wejht was also a dical efectfor the RfD).

The use ba patial uncetainty facior for interpecies ettapdation is justified because
specieso-species donietricadusimens wee male and an HEC was calatgdd.

An area 6 scentific uncetainty and catroversy in thisassessmerconcems ttre renal
lesionsin the malerats observeah the pmcipd study. The descrifmins of thesdesions strongly
sugges the male-gecfic rat nghropathic responselcited ty compounds such aslimonene
and decah (U.S. EPA1991a) Thisasessrart hasdiscouned hese lstopahological lesions
in esablishing an déctlevel for deiivation of the RfC because A does ot consider such
lesions to bean appopriate endpmt for deermining noncancertoxicity. If the nmale rat renal
effects fad ot been discanted, thenthe RfD would lave keen appoximately fivefold laver,
becaus tre NOAEL would ke 100 ppnveraus 496 ppm What has leen accegt as
toxicologicdly relevantfrom the profe of rendtoxicity in the pmcipd study is theincreasan
female renalveight. Other repeateddose studies vth cunenealsohave rgorted ncreasedenal
weightsanong female rats (Wolét al, 1956;Monsarto, 1986;Chenical Manufacturers
Asscciation, 1989) These indepemlert obserations, coupled wih the uncetainty alout the
progresson and atcones d these deratiors (because bthe absencefary true Ifetime
studies)further jusifies cansidemg these waght ateratiors as txicologicaly significart.
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8.0 APPENDIXES
Appendix A: Benchmark Concentration Analyses of Datdrom Cushman et al. (1995)
(1) Computational Models — Gntinuous Data

The pdynomial meanresmnse rgresion malel (THC, ICF Kaiser, 1990a) andhe Weihull
powermeanresponse ggresion malel (THWC; ICF Kaiser, 1990h were used.

THC Fd) =g, + SIGN x [q,(d - d;) + ... +q(d - d,)
THWC Fd) =q + SGN x g(d - d,)®

where
d = dcse,
F(d) = averageaspmse at dose d,
Uo» Oy, O, K = esimated paameters (uskto deermire degreesf freedon), ard
SIGN = input indicaing anincreasng or decreasig doserespase finction.

For THCdat inputs, tle degree tthe pdynomial wasset to tle rumber of dosegroups
minus e, the carected sunof squaes for each goup = (1 - 1) x (standard deation)?, the
response type wagative [F(d) - F(0)] / H0), and o threshad was esmated. For THWC,data
inputs were the sae, except that thiower limit of g, was set at 1. Althouglower vdues of
g, mayproduce a btter fit to tlke dat (i.e., laver SS ), the shapesfadoserespaise cuves
gereratal from the lower values dten lack a reasaalde biological motivation.

(2) Data

Groy men abstute organ wghtsfor femalekidneys and femaland maleadrenés listed
in the pincipal study of Cushmaret al (1995) wee malelked.

(3) Model Fit
Modelfit wasjudged ly comparison ofa test satistic (F') with Fdistributionat spedied
degrees of freedofdf; (F table numestor); df, (F table denominaty]. When F’ equals or
exceedslie appopriate \alue n the F distibution tabks at 0.01it is concluded hat the nodel
did na fit the dda.
F' = (Ss / df) I MS)
where

Ss = sumof squaes lack d fit (generated  THC or THWC),
Ms, = pooled mean squarpure eror (generatedyoTHC or THWC),

df, = dosegroupsminus numter of pamameters [ge () alove] =5 - 3 = 2 flumerabr
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in F tabk), ard
df, = degrees ofreedon gereratel by THC or THWC (derominator in F tabé).

(4) Resllts

The citical efect maost carelated with the cunenedatbase, femalekidney weght gan,
was notmodded successfullyg > 0.01, Table 1). Inspach of themodding resuls (Takke 2)
showed that the nodel did rot predct the doserespanse discatinuity in weight olserved atthe
low dosein thefemalekidney. A dmilar discontinuity indose-response occurred wigmale
adrenalweights, suchhat the nodel did rot fit the daa at 500 ppmwhere here was a decrease,
rather thanincreasejn weight gan relative to tk lower dose.

Organ Weight THC BMC10 THWC BMC10
Data Mbdded (MLE), ppm THC Ft (F, F) (MLE), ppm THWC Ft (F', F)
Male adgenal 484 (656) <0.01 (0.9, 4.8) 484 (656) <0.01 (0.9, 4.8)

Female kidrey

1,067 (1,229)

>0.01 (5.6, 4.8)

1,072 (1,239)

>0.01 (5.6, 4.8)

Female aderal

906 (1,067)

>0.01 (7.1, 4.8)

924 (1,168)

>0.01 (6.5, 4.8)

Table 1. BMC,,values and satistical analysis ofmodelfits to weight gain dai& from
Cushman 4 al. (1995), whee BMC ,, is the lower 95% confidence bound on the
concentration of the maximum likelihood estimate (MLE) of a 10% relative
weight change Fits for both THC and THWC were based on clculations from
ICF Kaiser, Inc. (1990a,b)

(5) Discussbn

Ratler thanrely on reslis fromunsuccesful modeing (F/F > 0.01)or on results from a
possibly irmppopriate endpmt, the NOAEL of 496 ppmis used ér furtherquartitatve anajsis.
This NOAEL is reaty the sameasthe BVIC10 d 484 ppmfor the anly dat set tht was
modded successfully, maladrendweight gan. The citical efect that wasmost corrdated with
the cumee databasdemalekidney weght gan, was notmodded successfully.

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

The Toxicological Revew for Cunrene (exeptfor Secions4.7 and 6.0, wibh were
rewritten sulsequen to exterral peerreview) and dlindividual cuneneassessmes have
undegone both intenal peerreview peformed by scientists withiBPA or othe Fedea
agencies and aare fornal exerral peerreview peformed by scentistschosenby EPA in
accadance wih U.S. EPA (994a) Comments mde ly the interral reviewess were addresed
prior to submitting the docunents for exterral peerreview and are ot pat of this
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Dose Obseved Mean Weight | Predicted Man Weight
OrganData Modelal (ppm) (9) THC and THWC (g)
Male adenal 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 1.49 1.43
100 1.41 1.43
496 1.44 1.44
1,202 1.56 1.56
Female adenal 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 study of Cushman e
al. (1995). The actual datdrom the study (Oberved Mean Wt.) is compared
againd the resultsobtained from applying both the THC and THWC models
(Predicted Mean Wt.). Bolded text highlights differences letweenpredicted
and obsrved values

appenix. Publiccommens also wee read and carefiyl considered. The exerral peer
reviewers wee tasked wih providing written answersd gereralquesions on tle overal
assessmérand o chenical speciic quesibns inareas bscentific controversy oruncetainty.
A summary ofcommens mede ly the exerral reviewers and BA'’s respanse b these conments
follows. All three exerral peerreviewers gee Catributorsand Relewers)recanmendedhiat
this docunentand he acconparying assessméswere accepable with minor revsion.

(1) General Corments
The three exerral reviewers dfered edtorial commens and rany minor, btivaluale

suggesions, al of which have leenincorporated nto the text to the exent eagble. Sulstantive
sdentific comments are addressedlbe.
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A. Comment: The appopriatenes of Wolfet al (1956) as gncipal study for detiving the aal
RfD

One eviewerstatesthat EPA is focced b rely on tle margnal Wolf et al (1956)study
because bthe paudly of otherstudies hat use the aal route, but thke use 6 uncetainty factors
may inpat compensat for the defciencies 6this study Another revewer stateshat EPA
appropriatel recogiizes the severlamitations of the study. Tk sanereviewer siggess the ue
of the Qushmaret al (1995)inhalation sady as an &rmative nmethod fordeiving anRfD.

Resmnse b Canment: The pioposl that the inhalationstudyof Cusihmanet al studybe
used br deiivation of tre aral RfD has nerit. The reviewernotes carecty that cunene is both
readily dsorbed and has arglar dispo#ion by both oral and lmdation routes. The EPA,
howewer, feels hat this option is outwighed ly the slort term Q0 dag) of the Cusimanet al
inhalationstudy(the Wolfet al studylasted 7 v and s therebre nore inconcordance wih the
intention of tle D). Therebre, the Wolf et al (1956)study is retaired asthe piincipal study
for the RD assessmén

B. Comment: The pdential for hem&otoxcity

One eviewer caubned hat myelotoxicity from seweralcompounds,including bezene,
has been dii cult to reproduce n roderts, and he absencefalisinct blood efects n the rat
studies doesat completelyexonerate curaneas a ptential myelotoxic agen in humans.

Resmnse b Canment: Minor blood efects notel in the pincipal 90-dayinhalation saidy
of Cusihmanare desdabed in this IRIS file. Acompaison of these Ibod efects b those
obsewed wih berzene $ samewhat poblematc. The netabolism of berene $ exceedigly
complex. The hrematotoxt efects d berzene arehought to be meiated hrough secadary
metabolies, such as catealhand lydroquinone, tlat canbe invohed n peloxidatve processes
(Irons,1991). On the othehand, the metabolism of cumene is simple,ghiecipd metabolite
beirng a secadary alcchol that has little piopendy to be invohed n peoxidatve processes.

It also sbuld be notd that berzene wasdsted n the sane ol study wih cunrene (Wolfet al,
1956) and hat blood efects (leucopera and eythrocytopera) were regorted n ratsexpsel to
berzene lot not in rateexposedd cunene. Moreover, the megnitude d blood efects dsenved

in the Cusman cumee study are with normallimits for rodents. No changes are proposed to
the IRIS file.

C. Comment: The alserce d liver efects in the aal study of Wolf et al (1956)

One eviewer expressed noem that liver weght changesdlong wth possble
hepatochular hypertroply) were present but not recaged inthis invesigation.

Resmpnse b Canment: The gudy of Wolf et al (1956)tesed and eported o several
berzeroid canpound, in addtion to cunene (sopopylberzene) and he expeimental
procedures staténat livers wee weighal and exained. Resut d the studyreport changesn
liver weght and patiologyand n kidney weghts and patology forethylbenzeneliver ard
kidney weght changesdr styrene,but onlykidney weght changesdr cunene. In light of the
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expeimental descripgbn and observed resslit is unlik ely thatliver alterations by cume
would have leenmissed. No changs propo%d D the IRIS file to accanmodate thiscomment.

(2) Comment on Chenical-Specfiic Quesions

Question 1. Basel on the information notel in the curently desgnated pincipal study
(Cushman et al, 1995) is the dscouwnting of the renaleffects in males justifid?

Comments: One eviewer statedhat it was ot clearthat al kidney changesiithe nmales
could ke atributed ®lely to «, -globulin, but that EPA had presented &stific basisfor
discaunting the male effects. Another revewerindicated hat atributing male renakffects b
o,,-globulin without idetifi caton of the spedic protein was poblematc, athoughthe ratiorale
preseted by EPA for the use bfemale renakffects was adequat

The respanse d the third reviewer wastiat the agan weght changesn bothkidney arml
liver observed iloth sexes were causedhmarily by microsamal enzyme irduction, with an
o,,-globulin-like responsen males beng meely andllary to the weght increases. Tik reviewer
notes that o, -globulin responses do not occur with the strudtyralated canpounds tduene
and lerzene.

Resmnse b Canmens: In respase b the third reviewer, liver and kidney weints ae
increasedn femaleand nale ratsexposedd toluene, and kidneysdm male rat&xposedd
toluene danot show charactestics d «,,-globulin nghropathy in 14-to 15-week expsures
(NTP,1990) Cumene, irtcompatson, shows ioreasediver and kidney wehts (and admals)
in femaleand maleats, and kidneysom malerats exposed to cume show sme
characteistics d «,,-globulin nghropathy (pefusion ofuncharactezed lyaline dioplets)
in 13-week exposes. Thus,respaises drats tocunmeneexposue stow charactestics loth of
toluene expos@rand d ageis causng male-pecfic o, -globulin nghropathy. Becauselte
relevancy to humans imclear EPA pdicy indicates hat male-pecfic o,,-globulin isnot an
appopriate pxicological endpant for use n doserespmse assessmen Due b thispdlicy ard
to the inconclusiveness d the nformation on the idertity of cuneneas anx, -globulin agent, the
effects n the malekidney are cosidered ¢ beconfounded and are disgoted. This logic is
currently preseted in the IRIS file, and o changes proposd.

Question 2. Is suficiert ratiorale gven to letstand he agan weght changesn female ratas a
critical efect?

Comments: One eviewer cansiders he ratiorale adequa&. Another reawer appoves d
the ratiorale, whle staing that associatecenalpathology (noe was desdred in the study
would bemore canpelling. The tlird reviewer states that organiglg change both kidney
and Iver, obsewved n bothsees, slould beconsidered as @rcal efects. The third reviewer
also cansidered te weght increases loseved n kidney andiVer of bothseyes aders aml
caused Y micrasomal enzyme irducton (as appaently is the casedr effects fom toluene)

Resmnse b Canmens: Liver weight increases wercarefuly considered as a eoritical
effect Asa natter ofpdlicy, liver weght increases whout accanparying patology may be
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indicatve o increasediVer metaboliccapady and usudy are cmsidered {p the BPA to be
adapive, notadwerse, in nature. Agoainted out by tre reviewer, both liver and kidney wehts
are ncreasedn femaleand nale ratsexpaseal to toluene i ar or bygawege (NTP, 1990) ad
liver weght increases aréné kasis for tle curent toluene FO (U.S. EPA,1997,IRIS Online).
In the case btoluene,the iver weght changes werconsidered rare adverse in character
becauseiver danage s a documented sequel of toluene exposarin humans.Newertheless,
increasesn hepatic weght are ot considered as an adkee, cocritical efectin the case b
cunene toxtity because o pamllel eMdence eists for human hgatc danage fom cunene
exposue, and becauséver weght increases doot appeato bea cansistent repaise h anmal
studies. Liver weight increases wernot olserved n the aal studyof cunene by Wolfet al
(1956) Futureevidence i the area bcunene liver toxicity may be suftiert to justify incluson
of liver weght changes as aitical efect No changes are ppo®d D the curent IRIS fileas a
conequence bthis comment.

Question 3. Is the information in the toxicological review suficiernt to consider that cunene has
low patential forcausng reproductve effecis?

Comments: All reviewers cosidered cumneas an ulikely reproductve toxicart. One
reviewer did mt consider cureneas aikely reproductive or dewelopmertal toxicart, based m
the toxicdogical evdence (intuding anajsis of the avdable studies), the rapidiminaton
from the body, and resalbf studies withisilar but unspedied canpounds. Tis sane
reviewerrecanmends hat the IRIS file stould refectthat not onlyare nultigeneraion
reproductive sudieslacking, but also trere are a da@ regarding cuneneexpaureprior to
mating, from conception througimplantaton, or duing late gestabn, partuition, or lactation.

Resmpnse b Canmens: The alove statemenon spediic absencefadat is ircorporated
into the IRISfile at severHocatons.
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