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FOREWORD

The purpose of this Tazologcal Review is to provide scientific support and rationale
for the haard and dose-response assessmemRlis pertainingto chronic eposure to
acebnitrile. It isnotintended b be a comrehensre treaise on he chencal or toxicological
nature of acetnitrile.

In Section 6, EPA ha characterized its oveall confidence in thequantitative and
gualitative aspects of hazard and dose respdvisdters considered in this characterization
include knowledg gaps, uncertainties, qualityf data, and scientific controversieBhis
characterization is presented in an effort to make appaent thelimitations of theassessmat and
to aid and gide the risk assessor in the ensisteps of the risk assessment process.

For other gneral information about this assessment or other questions re@atiRIg,
the reader is referred to EPA’s Risikdrmation Hotline at 202-566-1676.
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1. INTRODUCTION

This document presents backgnd and justification for the hazl and dose-response
assessment summaries in EPAitetyated Risk mformation Sgtem (RIS). IRIS summaries
mayinclude an oral reference dose (RfD), inhalation reference concentration (RfC) and a
carchogenicity assessent

The RfD and RfC provide quantitative information for noncancer dose-response
assssmats. TheRfD is basead on theassumption thithresholds &ist for certain toxic effects
such as célilar necross but may notexist for other bxic effect such as soecarchogenic
responsesilt is expressed in units of nkg-day. In general, the RfD is an estimate (with
uncertaintyspanningoerhaps an order of ma@itude) of a dailyexposure to the human population
(including sensitive sub@ups) that is likelyo be without an appreciable risk of deleterious
nonancer effects duringalifetime. Theinhdation RfC is adogous to theord RfD, but
provides a continuous inhalationpmsure estimateThe inhalation RfC considers tiaxeffects
for both the respiratorgystem (portal-of-entfyand for effects peripheral to the respiratory
system (exrarespiratonor systemic effects) It is generallyexpressed in units of ng?®.

The carcinognicity assessment provides information on the car@nmghazard potential
of thesubstace in question and quantitative estimates of risk from orlexposureand inhdation
exposure. The information includes a wéigof-evidence judgent of the likelihood that the
agent is a human carcineg and the conditions under which the carcamig effects mape
expressal. Quantitative risk estimates ae presented in three ways. Theslope factoris theresult
of application of a low-dose &apolation procedure and is presented as the risk p&gitay.
Theunit riskis thequantitative estimate in terms of éther risk pe ug/L drinking water or risk
perug/m? air breathed Another form in which risk is presented is a drinkimgter or air
concentration providingancer risks of 1 in 10,000; 1 in 100,000; or 1 in 1,000,000.

Development of these hardl identification and dose-response assessments for
acebnitrile has folowed he generalguidelines for rsk assessentas seforth bythe Natonal
Research Council (1983EPA guidelines that were used in the development of this assessment
may includethefollowing: the Guidelines for Carcinogen Risk Assessnien. EPA, 1986a),
Guiddines for theHealth RiskAssesmat of Chenical Mixtures (U.S. EPA, 1986b)Guiddines
for Mutagenicity Risk AssessméutS. EPA, 1986c¢)Guidelines br Devebpmenal Toxicity
Risk Assessme(it).S. EPA, 1991)Guiddines for Neurotoxcity RiskAssesmat (U.S. EPA,
1998a),Proposed Guidelines for Carcinogen Risk Assess(i886a), andReproductive
Toxcity RiskAssasmat Guiddines (U.S. EPA, 1996b)Recommendations for and
Documentation of Biological Values for Use in Risk AssessfdeBt EPA, 1988); (proposed)
Interim Policy for Particle Size and Limit Concentration Issues in Inhalation ToxXidi§y. EPA,
1994a);Methods for Derivation of Inhalation Reference Concentrations and Application of
Inhalation Dosimetryf{U.S. EPA, 1994b)Peer Review and Peer Involvement at the U.S.
Environmenal Protecion AgencyU.S. EPA, 1994c)Jse of the Benchmark Dose Approach in
Health Risk Assessmdit.S. EPA, 1995)Science Policy Council HandbooReer Review
(U.S. EPA, 1998b); and memorandum from EPA Administrator, Caawer, dated March 21,
1995, Subject:Guidance on Risk Characteation.



Literature search stratggmployed for this compound were based on the CASRN and at
least onecommon nane. At a minimum, thefollowing databases wae searched: RTECS,
HSDB, TSCATS, CCR$, GENETOX, EMC, EMICBACK, DART, ETICBACK, TOXLINE,
CANCERLNE, MEDLINE, and MEDLINE bakfiles. Any petinent sagentific informaion
submitted bythe public to theRIS Submission Desk was also considered in the development of
this document.

2. CHEMICAL AND P HYSICAL INF ORMATION RELEVANT TO ASSESSMENTS

Acetonitrile (ACN) is also known as agomethane or methgyanide. Some relevant
physical and chemical properties of ACN are listed belowH(®Y1993):

CAS Regstry number:  75-05-8

Empirical formula: CH,CN
Molecular weidgpt: 41.05

Vapor pressure: 74 mmHgat 20C
Water solubility: infinitely soluble
Log Kow: -0.34

Conversion factor: 1 ppm = 1.68 mign®, 1 mgm? = 0.595 ppm (25C, 760 mmHY

At room temperature, ACN is a volatile, colorless liquid with etherlike ottas. one of
the most stable nitrilesAcetonitrile has a TU-TWA of 40 ppm (67 mfgn®), with ashort-tem
exposure limit (STED of 60 ppm (101 mign®), recommended to protectaigst orgnic cyanide
poisoningand injuryto the respiratoryract (ACGH, 1991).

Although nitriles are widelysed to sythesiz amines, amides, ketones, aldédy, and a
variety of other compounds (Kirk-Othmer Concise Etlopedia of Chemical Technolpg
1985), ACN is used primarilgs a solventNitriles in general are hgrolyzed in the presence of
acidic conditions to form amide#lthough ACN is one of the more stable nitriles, acidic
hydrolysis would be egected to ield hydrogen cyanide. Hydrolysis in water has been reported
as exremelyslow (WHO, 1993).Willhite (1983) found that freshlgrepared solutions of ACN
in distilled water did not undeoganysignificant hydrolysis upon incubation at 37C for 2.5
hours.

3. TOXICOK INETICS RELEVANT TO AS SESSMENTS

Inorganic cyanide has longeen known to react with trivalent iron oteghrome oidase
in mitochondria and block the reduction ofygen needed for cellular respiration, thus leadong
cytotoxic anoxa (Albaum et al., 1946)The toxcity of ACN is believed to be mediated, in part,
through this mechanismACN is metabolied to inorgnic cyanide, but the conversion occurs
slowly compared to other nitriles (which meyplain the delayn onset of acute syptoms).
Freeman and Hag' (1988) data sugpst that the conversion toayide is oygen- and NADPH-
dependent, possibiyediated byr450 isogme (2E1 or P-450j) Some investigtors sugest that
ACN produces cgnohydrin bya R150 reaction, which is then decomposedatalase to release
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cyanide (Ahmed et al., 1992glerman and Cederbaum, 1989; Willhite and Smith, 1981).
Formaldehge and formic acid are also postulated to berogucts of ACN metabolism

(Ahmed et al., 1992)Cyanide can be further aized to thiocynate, a less tox compound that
is excreted in urine, but one that miayerfere with thyoid function (Hartung1981).

Conversion is mediated bfiodanese, a sulfurtransferase found in liver and human nasal
respiratorymucosa (ewis et al., 1991)A minor urinarymetabolite that has been detected after
administration of ACN in drinkingvater to rats is 2-aminothiolaz-4-carboylic acid (Swenne

et al., 1996).Cyanide also can be mlzed to cynate ion with further agation to formic acid
(McMahon and Bnbaum, 1990).

Like hydrogen cyanide (HQN), ACN isreadly absorbed fronthe ungs and
gastrointestinal tract, and is distributed thrbogt the bodyn both humans and laboratory
animals. In a goup of male and female test subjects (16), 74% of inhaled ACN was absorbed
when cigrette smoke was held in the mouth for 2 seconds (and not inhaled), and 91% was
absorbed when smoke was inhaled (Dalhamn et al., 196@syl)psyof an individual who died
2 days following inhaktion of ACN vapors showedatcyanide reachede spéen, ungs, and
kidneys, but was not detected in the liver @, 1993). Oral exposure of animals resulted in
metabolites found primarilin the spleen, stomach, and skin (U.S. EPA, 198B&N serum
concentrations were Higr than cgnide levels in an individual hospitadid after oral ACN
ingestion (Michaelis et al., 1991); elimination half-lives were 32 hours for ACN and 15 hours for
cyanide. Cyanide was not detected in the blood of three human subjgquisezkto
concentrations of 40, 80, or 160 ppm for 4 hours; asiigcrease in thio@nate levels was
detected in urine (Paani et al., 1959).

Hydrocyanic acid was found in brain, heart, kidneyd spleen of rats after inhalation of
ACN vapors (Hagenoer et al., 1975)Cyanide and thio@nate were measured in blood, liver,
brain, and kidneypf hamsters followingral exposure (Willhite, 1983); thio@nate in blood,
kidney, and liver was up to 10-fold Higr than in the brain, while agide in blood and liver was
generallyhigher than in the brain and kidn2ys hours after gposure to a sirlg dose of 100,
200, or 400 mbkg ACN. Exposure of rats to ACN in drinkingater indicated that the rat has a
high capacityfor cyanide detoKication on both normal and low-protein dietSn a low-protein
diet, cyanide detoKication is at the exense of protein catabolism (Swenne et al., 1996).

Absorption of ACN is rapid in beégydogs exposed to 16,000 ppm ACN (26,880 Amd)
vapors for 4 hours, based on blooduigle concentrations peakiagd reachingteadystate
concentrations of 305-433)(100 mLafter approinately 3 hours (Pozani et al., 1959).With
longer-term eyosure in monkeyinhaling350 ppm for apprdmately 99 day, blood samples on
the 35th dayf exposure, after a 2-dagst period (i.e., a weekend), did not deteendaye ion,
but 7.6-9.2 |g cyanide ion/100 mlwas measured after the 39th adyexposure (i.e., following
5 consecuve day of exposure). Thiocyanae was defced n the urne afer the 2-daybreak,
and accumulated over the 5-dayposure week (@zzani et al., 1959).Rats eposed to 166 or
300 ppm, 7 hours/da$ dawweek, for 90 dayhad almost complete urinagycretion of
thiocyanate after the 2.5-dagst period each weekd®ani et al., 1959).

ACN conversion to ggnide appears to be about 10-fotdajer in rat nasal
ethmoturbinate microsomes than in liver microsomes (Dahl aarxd3&wski, 1989), possibly
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because of hiyP450 content.The nasal cavityin particular the olfactorgegon, has a hifg
concentration of rhodanese (Dahl andrézwski, 1989; Dahl, 1989)Rhodanese has also
been found in the respiratoepithelium of human nasal tissueelis et al., 1991); these in vitro
studies sugest that rhodanese in smokers niaye reduced affinitfor cyanide. Lewis and
colleagues dso @lculate tha the capacity of rat nasd tissueis suffident to meabolizea

maxmum of 2,800 ppm inhaled HCNIlhe hidh concentration of rhodanese in rat nasal tissue
suggests tha cyanide may bedeoxified morerapidly to thiog/anae than in animd species with
lower amounts of the epme (Dahl and Veruszwski, 1989).Aminlari et al. (1994)
demonstrated that dednad a geater rhodanese activity the nasal cavitthan in the lower
respratory tract

Whole bodyautoradiogaphyin male mice injected intravenousiyth ACN radiolabeled
with *C in the methlygroup indicated that radioactivityas widelydistributed througout the
body(e.qg, liver, thymus, and reproductive aags). Interestinty, nonvolatile radioactivityvas
also observed in nasal secretions, mouth caggigphags, and stomach contents (Ahmed et al.,
1992). One could infer from these observations that ACN could also distribute to the stomach
upon inhalation ggosure.

4. HAZARD IDENTIF ICATION
4.1. STUDIES IN HUMANS

Other than one case-referent stuthere are no epidemiolmgl studies of effects of
ACN exposure in humansndividuals who were acutebxposed to ACN developed effects
generallyattributed to metabolism of ACN toayide (U.S. EPA, 1985a)lCase reports of acute
occupational eposure to ACN indicate that workershésited nausea, shallow and/or irvégy
respiration, and impaired motor activibhn autopsyof a worker who died shortlgfter exposure
revealed cerebral, thyid, liver, splenic, and renal coegtion (WHO, 1993). Gastric erosion has
been reported in individuals who iegied ACN (Way, 1981; Bllantyne, 1983).

In a clinical studyoy Pozani et al. (1959), two men who inhaled 40 ppm ACN (67
mg/m®) for 4 hours did not develop aayverse subjective effects, and bloodrigle and urinary
thiocyanate were not appreciabhcreased.A third subject, also gposed to the same conditions,
experienced sligt chest titness the evenirgfter exosure, and coolingensation in the lusg
the folowing day. Only an hcreasen thiocyanat in the urne was exdent no cyanide was
detected in the blood:Olfactory fatigue” was reported duringXposure for all subjectdNine
days later, two of the subjects inhaled 160 ppm ACN vapor (26@mdor 4 hours.Flushingof
face and chedightness were repad 5 dag after exposure, buthere were no chameg in urinary
thiocyanate and blood enide from pre-guosure values.

WHO (1993) has reported on several cases of children or adults vwasteithépreg
amounts of ACN 4250 to 4,000 m#tixg); symptoms included vomitingespiratorydistress,
confusion, convulsions, seiees, and pulmonamgdema, and in some instances, death occurred.
Cyanide was detected in the blood of these individuals.



In a case-referent study medical records ofiRnish women emplad in state
laboratories that was desigd to determine if there was an association between spontaneous
abortion and exosure, the odds ratio for seven cases involewpgpsure to ACN was close to
unity (Taskinen et al., 1994 However, the small number of cases and other limitations (e.g
exposure was self-reported) of this stymgclude anylefinitive conclusions.

4.2. PRE-CHRONIC AND CHRONIC STUDIES AND CANCER BIOASSAYS IN
ANIMALS —ORAL AND INHALATION

The National Toicology Progam (NTP, 1996) evaluated the toity of ACN to the rat
and mouse in both subchronic and chronic inhalation stutheée 13-week subchronic study
that served to set prsure levels for the chronic styd§d44/N rats and BC3FL mice
(10/sexgroup) were egosed whole-bodio ACN concentrations of 0, 100, 200, 400, 800, or
1,600 ppm (0, 168, 336, 672, 1,343, or 2,686nmy 6 hours/day5 dawweek (duration-
adjusted concentrations were 0, 30, 60, 120, 240, and 48 méurity of ACN was 99% or
greater and actual concentrations were within 10% oétamgncentrationsClinical observation
and bodyweights were recorded weeklAt necropsy brain, heart, kidneyiver, lungs, testis,
and thynus weidnts were measured, hematolagas performed, and thyid hormone assay
were conductedAll organs of animals gxosed to 0, 800 ppm (males onlgnd 1,600 ppm were
examined byhistopatholoyg. Selected orgns of 800-ppm females (bone marrow, brain, Jung
lymph node, ovaryspleen, thynus) and 400-ppm males (bone marrow, testesyubywere
subjected to histopatholmgl examination; additional oans were eamined if theyexhibited
gross lesions.

In rats, deaths occurred at 800 ppm (1 male) and 1,600 ppm (6 males and 3 feitales).
but one of the deaths occurred durihg first 2 weeks of g@posure. There was a sigficant
decrease in bodwyeight gain and final bodyweight at 1,600 ppm (81% of control for males; 91%
for females); no chamgpccurred in the othergups. Clinical signs at the two
high-concentration @ups included hyoactivityand ruffled fur duringhe first week.Ataxia,
abnormal posture, and clonic convulsions occurred in the 1,600-ppm males thatrdiesther
groups did not elibit anytreatment-related sig. Thymus weidnts were sigificantly lower in
800- and 1,600-ppm rats (both eg) compared to those of the contraBgnificant decreases in
red blood cell count, hemtabin concentration, and hematocrit occurred in the 800 and
1,600-ppm females and 1,600-ppm mal€ke investigtors reported that these alterations were
suggestive of anemia (characteed as nonresponsive, normtcyand normochromic) since
reticulocyte counts, mean cell volume, and mean cell héafiag concentration were similar to
controls. The 1,600-ppm females alsoh#lsited a decrease in triiodottonine (T3)
concentration, without chagg in thyroxine (T4) and thgoid-stimulatinghormone (TSH)
concentrationsHistopathologe effects were limited to rats that died at 800 and 1,600 ppm;
effects included coragtion, edema, and hemorrkag alveoli observed in lusgno incidence
data were provided)Because of the one death at 800 ppm (in week 1), coupled with martality
the mouse (see below) at a lower concentrations, it is prudenttd &1 ppm as aHL
(FEL[ADJ] = 239 mgm?®) for the rat. Because onljimited histopatholog (i.e., bone marrow,
thymus, and testes) was conducted in animgi®sad to 400 ppm (males ojlyhe results are
insufficient to identifya no-observed-adverse-effect-level (NOAEL
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In mice, deaths were observed at concentrations of 400 ppmestdrg0/10, 0/10, 0/10,
0/10, 1/10, 10/10 in males; 0/10, 0/10, 0/10, 1/10, 4/10, 10/10 in femalkgnimals in the
1,600-ppm goups died byveek 4 of the studyFinal bodyweight (92% of control) and body
weight gain were sigificantly reduced at 400 ppm in males, but are not considered
toxicologicaly significant. Hematological paameers wae not evaluated in mice. Males
exhibited asignificant coneentraiion-rdated inaease in absolute(>200 ppm;p < 0.05) and
relative (>100 ppmjp < 0.01) liver weidpt. Significant increased relative lurand kidney
weights in some malergups were also observed, but chesgere not concentration-related.
Females had a sigficant increase in absolute liver whatgat 800 ppm and in relative waigat
>400 ppm. Histopatholog revealed an increased incidence of hepatocellular vacuolation, with
significance at 400 and 800 ppm £ 0.01) (0/10, N/A, 0/10, 8/10, 7/9, and 0/10 in males; 0/10,
N/A, 0/10, 7/10, 6/10, and 0/10 in females; 100 ppm males and females weramotexk). No
other hepatic effects were observathcuolization was considered to represent increased
glycogen sbrage bydistenson of prevously existing clear spacesSeverity of vacuoization was
characterized as moderate in the 800-ppm fenralggand mild in malesNo hepatocellular
vacuolization was observed in the 1,600-ppm animals that died dilminstudy The absence of
this chang in the 1,600-ppm animals mag indicative of an increased utilization déyapgen
stores bythe animals that diedncidences of forestomach squamous epitheliptiplasia were
significantly increased in 800-ppm males and in femalgme&d ta-200 ppm. The incidences
were 0/10, 0/10, 3/10, 6/9, and 1/9 in males (100-ppm males wereamoinexi) and 0/10, 0/10,
7/10, 8/10, 7/10, and 5/10 in females; sevexig not concentration-relatetlyperkeratosis and
inflammaory cell infiltrate (effects assogated with hyperplasia) dso ocurred in the
foresbmach. A significantincreasern focalulcers of he foresbmach was ao observedi
1,600-ppm female miceThere were no effects reported for the ksing

The studyidentified a NOAELof 200 ppm (NOAE[ADJ] = 60 mgm?®) based on
mortality. The level of 400 ppm is considered BLFgiven the earlyeath (week 2) of one
female mouse in the 400 pprrogp and increased mortalifgne male and four females) at 800
ppm. Neither a NOAELnor lowest-observed-adverse-effect levéDAEL) can be identified for
forestomah lesions in@mud a groomingof contaminated fur and/or muodliary clearance
likely was he primary cause oftie ncreasedricidence in hyperpksia of the foresbmach.
Hyperplasia is considered adverse because it was associated with infiltration of inflammatory
cells and, at the higest concentration in females, focal ulcers.

Based on the findingin the 13-week stugdyhe two-ar studywas initiated with B44/N
rats (56/sefgroup) exposed to actual ACN concentrations of 0, 100, 200, or 400 ppm (0, 168,
336, or 672 mgn®), 6 hours/day5s daw/week, for 103 weeks (duration adjusted to 30, 60, and
120 mgm?®) and BSC3FL mice eyposed to concentrations of 0, 50, 100, or 200 ppm (0, 84, 168,
or 336 mgm°) for 111 weeks (duration adjusted to 15, 30, and 6@mgAn interim necropsy
at 15 months involved 8 rats (each)semd 10 mice (each sexComplete histopatholacal
examinations were conducted on all animals at this time and heniatdlpgrameters and liver,
kidney, and lungweights were measuredClinical sighs and bodyveight were assessed
throughout the study After 2 years, animals were necropsied andmeixed for goss and
micros@pic dterations.



At the 15-month interim necrop$gr rats, hematolagal alterations were observed, but
were significant (p < 0.05) onlyat the hidp concentrationChangs included decreased mean cell
volume and mean cell hemodin (in both sess), increased red cell count (males), and
decreased hematocrit and hehwodgn (females); none of these effects was concentration-related.
At this time, there were no neoplastic or nonneoplastic lesions observed in tisaneseexthat
were attributable to gposure.Hematologcal parameters were not measured at séundly

No significant changs in survival, bodyveights, or clinical appearance were observed in
rats following103-week egosure to ACN.Histopathologcal examination revealed no
neoplastic or nonneoplastic lesions in angans of exosed femalesln male rats, a statistically
significant increase in the incidence of basophilic hepatic foci was observed in the 200- and 400-
ppm goups (15/48, 22/47, 25/48, and 31/48), but the foci were npicatyn appearancerlhus,
it is uncertain if these lesions are preneopladiite incidences of eosinophilic and radkcell
foci were margally elevated in 400-ppm males, but were not statisticadfyificant. Although
there was amarginaly significant positivetrend in theincidence of adenoma carcinoma or
adenoma and carcinoma (combined) in liver of male rats, ndisant dose-related trend was
presentafter incidences were ad$ied for surwal usngthe ife table test. The incidences of
hepaocellular adenoma and arcinomas in mde rats wae not siguificantly increased in the
treated animals based on pairwise comparison with incidences in control arsalsthe
tumor incidences at 400 ppm were oslightly higher than the historical control rasgOther
effects obseved in mde rats induded magina (not mwnaentration-rdated) inareases in tumors in
the adrenal medulla and pancreatic islets; incidences observed were within historical control
range. Keratoacanthoma was observed in the skin of 400-ppm males (0/48, 1/47, 0/48, and
4/48), but was not considered treatment-related; the incidence was within the historical control
range. Although an increased incidence of basophilic fociasegallyconsidered a possible
preneoplastic effect and, thus, appropriate for discussion of potential cartitgthe
incidence is not considered evidence of a hepaiotfkect nor a precursor to an hepatotox
effect. As support for this view, tdrogen cyanide (U.S. EPA, 1985b) has not been found to
cause adverséver effecs in ratfeedng studies nor hastibeen assoated wih liver effect in
human occupational studie$hus, a NOAELof 400 ppm (NOAE[ADJ] = 120 mgm®) was
identified for therat.

In mice, no changs in the surwal of the reatd animals were observed, cqoared o the
survival in control animalsBody weights were similar for all gpups, and treatment-related
clinical sighns were not evidentin contrast to the 13-week stydigere were no
concentration-related effects of liver wieigsugestingthat the chargs observed in the 13-week
studywere adaptive At the 15-month interim sacrifice, the omipnneoplastic chaegbserved
was a ginificantincreasen the ncidence of squaous hyerpkbsia in the foresbmach of
200-ppm females (incidences were 0/10, 1/10, 0/10, and 6At@rminal sacrifice, the
incidence of aleolarbroncholar adenoras was gjnificanty increasedn male mice folowing
administraion of thehigh concentraion (p = 0.011) (6/50, 9/50, 8/48, and 18/5@ombined
incidences of aeolarbronchblar adenoras or careciomas were ao sgnificanty increasedn
200-ppm malesp(= 0.042) (10/50, 14/50, 14/48, and 21/50he 100-ppm males bibited a
statisticallysignificant increased incidence of hepatocellular carcinoma (7/50, 11/50, 13/49, and
7/50) (p = 0.038) and combined adenoma or carcinoma (19/50, 21/50, 30/49, and 15/50)



(p = 0.013), with incidencesgater than those observed in historical contrBiscause the
incidence of this lesion did not increase with increasgcentration, it was considered a
sporalic finding. Unlike therat study basophilicliver cell foci were not obseved in themouse
Theincidences of hepaocdlular adenomaor carcinoma(combined) in femaes wee similar to
controls. No increases in the incidence of lungnors were observed in female mice.
Forestomach squamouspgerplasia was sigficantly increased in 200-ppm males (3/49, 3/50,
6/48, and 12/50) and in 100- and 200-ppm females (2/49, 7/50, 9/50, and 19/48); however,
severityof the effect was not concentration-relatddhe incidence at 200 ppm equaled the
highest vaues obseved in histori@ controls. Theincidence of squanous @l papillomas in the
forestomach was sligly increased after 2ears (incidences were 0/49, 0/50, 1/48, and 2/5 in
males; 1/49, 0/50, 1/50, and 3/48 in females); however, these increases were not statistically
significant and were within the raegf historical control values.

Although forestomach Iperplasia in mice is cleargssociated with gposure to ACN,
the role of inhaled concentrations in elicitithggse lesions is not knowit is likely that preening
activities and/or muodliary clearance, resultingin ord ingestion of ACN, plg acentrd role.
Thus, it is not possible to identiither a NOAELor LOAEL attributable to inhalation @osure
in the chronic studyThe absence of these lesions in the rat sisigyzling. In a studyby
Wolff et al. (1982), whole-bodgxposure versus nose-orgyposure of rats to radiolabeled fine
particles indicated that 60% of the pelt burden was calculated todstaddollowing
whole-bodyexposure.

Subchronic studies (Pmani et al., 1959) were performed on Carwordnns-Wstar rats
(15/sexgroup) exposed to 0, 166, 330, or 655 ppm ACN vapors (0, 278, 554, or 1,10)mg
hours/day5 dag/week, for 90 day(duration-adjusted to 0, 58, 115, and 229miy The purity
of the ACN was not reportedBody, liver, and kidneyveights were determined, and
histopatholog was performed on liver and lun@anyeffects in these oapgs resulted in
examination of brain, pancreas, spleen, trachea, and tdd@syatocrit and hemadgbin values
were measured in 5 rats in the 655 ppoug and controls 4 dayrior to eyposure and on the
53¢ 72 and 89 days. The values with gxosed animals were no different from controls.
Exposure to ACN did not affect boay organ weights in eyosed rats, and no deaths attributable
to exposure were reportedPathologcal effects were limited primarilio the 655-ppmmup;
alveolar capillarycongestion, focal edema, bronchial inflammation, desquamation, and
hypersecretion of mucus occurred in 18r{@0/27;p = 0.001), tubular swellingn kidneys (8/27;

p = 0.05), and central cloudyvellingin liver (7/27;p = 0.04). No lesions were reported for

other or@ns at 655 ppmIn the other ups, histiocte clumps in alveoli or atelectasis (2/28 at

166 ppm), as well as bronchitis and pneumonia (3/26 at 330 ppm) were reptetadtocrit and
hemodobin values for five female rats (males not evaluated) were similar to controls at 655 ppm.
No treatment-related tumors developed in gmoyps. Interpretation of studsesults was limited

by incomplete histopatholgge.g, stomach and timus) and a lack of details about protocol.

An unambigious NOAELand LOAEL could not be identified.

The investigtors also exmined effects of 350 ppm ACN (588 mg) on three mde
rhesus monkesy/and three male ded2 Basenji-Cocker higrid and one Bsenji-Chow x Springr
spaniel hiprid), 7 hours/day5 daw/week, for 91 day(duration-adjusted to 123 imy). The
purity of the ACN was not reportedControls consisted of two malea&enji-Cocker higrid

8



dogs; there was no controt@up for monkesg. In dog and monkey focal emphgema and
diffuse proliferation of alveolar septa werehéited. Monkeys also showed hemosiderin
accumulation in lungiand swellingf convoluted tubules in kidnsy Interpretation of this
expeaiment was limited by inadequae measurement of chambe concentrations and thelack of a
control goup for monkes. In a separate inhalation stu@#/hours/day5 dayweek) with 4
rhesus monkey the one monkegffemale) eposed to 2,510 ppm died on the second theytwo
female monkeyexposed at 660 ppm died loay51, and the one male monkexposed to 330
ppm wa sarificed a day 99 of exposure At that timeit exhibited consideable excitability .
Each of three monkeyn the 2,510, 660, and 330 concentratioougs was found to have dural
and subdural hemorrhag. The two monkeyin the 660-ppm igpup had focal areas of
emphyema and cloudgwellingof the proxmal and convoluted tubules of the kidney

An unpublished 90-dayhalation studyn the BBC3FL mouse was conducted by
Hazelton Laboratories (1983a) for the National Toalogy Progam (NTP). In this studymale
and female mice (10/skxoup) were egosed bynhalation to ACN concentrations
(purity>99%) of 0, 25, 50, 100, 200, and 400 ppm (0, 42, 84, 168, 336, and &7 fog 6.5
hours/day5 daw/week for a total of 65 gosures during 92-dayperiod. The duration-adjusted
concentrations were 0, 8.1, 16.2, 32.5, 65, and 13tinghamber atmospheres were
monitored every80 minutes usingfrared spectroscopic method&ctual mean concentrations
were all within £15% of nominal concentrationslistopathologcal examination at necropsy
included all major tissues and ang, includingthymus, testes, ovaries, and lgnfgom controls
and 400-ppm gpup mice. Three sections of the nasal turbinates weesrered from all animals
in all groups. Livers were eamined from mice in 100- and 200-ppmnogps as well.Clinical
chemistryand hematolagal parameters were alsoaemined. All animals from control, 100-,
200-, and 400-ppmrgups at terminal necropsyere subjected to arination of sperm motility
count, and sperm head stainirgeparate ipups of females were pased in the same stuttyO,
100, 200, and 400 ppm ACN for 6.5 hours/daylaw/week for a total of 10 gposures and used
for immunotoxcology studies.

Three male mice died duririge course of the studgne in each of the 50, 200, and 400-
ppm goups). Mortality was not considered to beposure-relatedin contrast to the findirsy
from a 14-daystudy(ImmuQuest Bboratoriestc., 1984; see Section 4.4) in the same strain of
mice, there were no reported histopathalabeffects on the thgus. Thymus/bodyweight
ratios were somewhat lower in the 200- and 400-ppupgs compared to controls, but were not
significantly decreasedOther altered terminal oag/bodyweight and terminal oran/brain
weight ratios were mentioned, but tabular data were not included with the final répere
were no adverse effexcon spernor in the nasaturbinaes. There were no adverseér effecs
observed upon histopatholpgAlthough cytoplasmic vacuoliation was observed in all animals,
includingthose in the controlrgup, the vacuoliation in animals in the 200- and 400-ppm
groups was onlglightly greater than those in animals of the 100-ppm and corrwapg.

In the goup of females eamined for hematolag and immunotoix responses, all
exposure goups exibited sigiificant decreases in hematocrit, hetadgn, and red blood cell
counts. Theywere described as of low matude and of questionable biologl significance.
Lymphocye counts were decreased omiythe 200- and 400-ppnmraups. 1gG was sigificantly
decreased in all @osure goups in a concentration-related mannénese decreases ig3 are
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consistent with the findirgin the mmuQuest studfsee Section 4.4) at these concentrations.
Other tests of immune function (e.tymphocye proliferation, delagd hypersensitivity host
resistance) were unaffected &posure; thus, the depressg@lis of uncertain sigficance.

The hematoloigal and hepatic effects in mice were used as the basis for daivioigl RfD
thatwas prevbusly placed onRIS. Inasnuch as (1)hese hemtological and hepatcelular
effects were of questionable biologl significance, (2) hematolagal parameters were
unaffected in the NTP (1996) subchronic and chronic rat thdge parameters were not
measured in the mouse portion of the sjudgd (3) hepatic vacuobtion was not observed in
the chronic mouse study was recommended that the RfD for ACN be withdrawn frBiS.|

In a studywith the BB44 rat usinghe same gosure and exmination protocols, there
were no adversergss or histopatholacal effects (Haglton Laboratories, 1983b).

As part of a developmental taity study(Mast et al., 1994), nonpnegnt female
Spragie-Dawleyrats (10/goup) were egosed for 14 consecutive datp 0, 100, 400, or
1,200 ppm ACN (168, 672, and 2,015/mf). One anina atthe high concentation died; no
treatment-related clinical ig or bodyweight changs were evident in ggosed animalsGross
examinaion did notrevealanysignificanteffecs in the eyposed ammnals.

Willhite (1981) exosed CD-1 mice to ACN for 60 minutes to determine the lethal
concentration (C). The LC,, value was determined to be 2,693 ppm (4,524nf)g

4.3. REPRODUCTIVE/DEVELOP MENTAL STUDIES — ORAL AND INHALATION

Mast et al. (1994) gposed positivelynated female Sprag-Dawleyrats (33/goup) to 0,
100, 400, or 1,200 ppm (0, 168, 672, and 2,016m)GACN, 6 hours/day7 dawweek during
gestation dag 6-19, and then sacrificed oesgational day0. Controls consisted of 10
nonpregant females per @osure goup. The 1,200-ppm dams bibited hypoactivity (14/33)
and appeared emaciated (6/3Beaths occurred in two 1,200-ppm dams and one 400-ppm dam.
The death at 400 ppm was gasted bythe investigtors to be the result of a possible
spontaneous cerebral hemorrbaghere was no effect on body organ weidhts in pregant
dams. Fertility did not gpear to beaffected by ACN exposure mean pregnancy rate for spem-
positivefemdes was 79%. A slight inaease in pecentage of resorptions pelitter (paticularly
late resorptions) was seen at thehhegncentration, but the effect was nongigant or
concentration-relatedThe percent of live fetuses per litter was not affected folgemyp, nor
were there treatment-related fetal malformatiohise onlyeffect on skeletal variations was a
significant increase in percent of supernumeréry per litter at 100 ppm, but the effect did not
occur for the otherrgups. While ACN was readilyneasurable in maternal blood (determined in
a separatergup of nonpregant animals), @nide was not detectableospt in the 1,200 ppm
group. Consideringhat mortalitywas treatment-related at 1,200 ppm arngbsxyre maglso
have plagd a role in the one death at 400 ppm, it is prudent to consider 400 ppm (872 asg
an FEL The NOAELfor developmental effects is 1,200 ppm (2,013miy

Pregrant Sprage-Dawleyrats (20-23/gpup) were egosed to 0, 1,000, 1,287, 1,592, or
1,827 ppm ACN (0, 1,679, 2,161, 2,673, or 3,067miy 6 hours/dayon gestation dag 6 to 20
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(Saillenfait et al., 1993)Dams were sacrificed oregtational day 1. At 1,827 ppm, mortality
occurred in 8/20 dams, and maternal bagyght gain was sigiificantly reduced from egtation
days 6 to 21. There was no mortalitgt other concentrationg\cetonitrile did not affect fertility
(i.e., no differences in number of premncies).A markedlyincreased percentagf nonlive
implants pe litter (resorptions ad dexd fetuses) and early resorptions pelitter were obseved a
1,827 ppm, alongvith a decrease (not sigicant) in the mean number of live fetuses per litter.
One litter was completelsesorbed at 1,827 ppniNo differences were observed between the
other exosed goups and the controldAcetonitrile eyposure had no siificant effect on the
mean numbe of implantaion sites pe litter, fetal sex ratio, or fea weights pe litter. Inddences
of anyvisceral or skeletal anomalies were nongigantly different between gposed and control
groups. A NOAEL of 1,592 ppm (2,673 niigp®) was determined for maternal and developmental
toxicity and a [EL of 1,827 ppm (3,067 nign®). Based on increased percergad nonlive
implants per litter, a OAEL of 1,827 ppm was identified for developmentali tity.

Thelack of mortdity in dl but theanimads in thehighest concentration of theSallenfait
et al. (1993) studis in sharp contrast with mortalipgbserved in the Mast et al. (1994) study
inasnuch as bdt sudies used @ragie-Dawkyrats. There s no ckar eyplanaton for hese
divergent effecs.

There were no effects on pup birth wetiditter size, or pup viabilityvhen ACN was
administered byntubation to pregant LongEvans Hooded female rats (Smith et al., 198i).
this teratolog screen, ACN, dissolved in tricafliryoil, was administered at 0, 50, 150, 300, and
600 mdkg from day 7-21 of gestation. Principal parameters evaluated were peewyrate,
litter resorption, and earlyeonatal deathThe two hidnest dosindevels were maternallypxic.

Pregqrant Sprage-Dawleyrats (25/goup) were administeredagage doses of 0, 125, 190,
or 275 mgkg-dayof ACN (dissolved in distilled water) oregtation dag 6-19 (bhannsen et al.,
1986; RDC, 1981; Rrteau et al., 1982)Animals were sacrificed oregtation day20. Maternal
effects were seen with 275 fig-day, two dams died and four dams appeared emaci&edy
weight gain from day 6 to 20 was slilgtly reduced (96% of control) in the 275 fogrdaydams.
Fertility was not dfected. An increase in postimplatation loss pedam oaurred & the high
dose; however, effect was notsificant or dose-relatedThe number of live fetuses per dam
was slidntly less than the control value for the 275 kgeday group (not sigificant), but the
effect was not measured for each littBlo differences in total implantation, corpora lutea, fetal
sexratio, or fetal bodyveight were observed in angeated goups compared to control3here
was a sligt, but not sigificant, increase in the number of fetuses with unossified sternebrae (5th
and 6th) in the hig-dose goup; however, the number of litters with unossified sternebrae was
not dose-relatedNo significant effects on fetal anomalies occurréithis studyidentifies a
LOAEL of 275 mdgkg/dayfor maternal and developmental effects and a NOAEL90 mgkg-
day.

Inhalation and oral developmental studies were performed ongirelgamsters @osed
to ACN (Willhite, 1983). Preghant Syian golden hamsters were jgased via inhalation to 0,
1,800 (6 animals), 3,800 (6 animals), 5,000 (6 animals), or 8,000 (12 animals) ppm ACN (0,
3,022, 6,380, 8,395, and 13,432/mj) for 1 hour on gstation day8 and then sacrificed on
gestation dayl4. Parameters of maternal and developmentatityxwere evaluatedOnly those
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dams that died were amined for histopatholacal effects. No hamsters gposed to 1,800 ppm
exhibited anysigns of intoxcation and all offspringvere normal.Histopatholog was not
performed on thisrgup. One dam at 3,800 ppm died 3 hours aftgrosxire after exbiting
dyspnea, tremors, pgrsalivation, ataa, and hpothermia. All offspring from this goup were
normal. At 5,000 ppm, all animals &ibited irritation and exessive salivation; one dam in this
group died after displagg dyspnea, hgothermia, and tremorsSix abnormal offspringrom two
litters of this goup edhibited exencephalyand rib fusions.In the 8,000-ppmrgup, clinical
effects included respiratodjfficulty, lethargy, ataxa, hypothermia, irritation, andagping(4/12
dams), followed byremors, deep coma, and death (3/12 damdgtopathologcal examination
of the liver, kidneg, and lung from the dams that died in alogips did not reveal any
significant treatment-related effectEetotoxicity occurred in offspringf dams egposed to 8,000
ppm, as evidenced liecreased fetal bodyeight compared to controls (not concentration-
related). Five of the nine survivingjtters at 8,000 ppm developed severabskeletal dgraphic
disorderspne fetis exibited exrathoract ecbpia cords with acconpanyng defecs in the
sternum. This studyidentifies a maternal NOAE&f 1,800 ppm (3,022 nigi®) and an EL of
3,800 ppm (6,380 mim®). The NOAEL (3,800 ppm §,380 mgm?]) and LOAEL (5,000 ppm
[8,395 mgm?]) identfied for devebpmentl effects occurred abr exceededhe naternal FEL

The effects of ingsted ACN on pregant hamsters and their fetuses wer@@red
(Willhite, 1983). Pregnant Syian golden hamsters (6-12#gup) received avage doses of 0, 100,
200, 300, or 400 migg ACN (in distilled water) on gstation day8, and were sacrificed on
gestation dayl5. Parameters of maternal and developmentatityxwere evaluatedMaternal
effects (not specified) were evident in damseg 300 and 400 nfkg, and death occurred in
1/6 and 4/12 dams in thesmgps, respectivelyThere was a sigficant reduction in body
weight gain in dams (@station day8-15) gven up to 300 mgg ACN compared to controls (no
incidence data provided); however, this effect was not seen at 4R. nglight, but sigpificant,
decrease in fetal bodyeight (p < 0.05) was seen in all pased goups; however, the effect was
not dose-relatedA significant increase in the number of resorptions peug (not dose-related)
was noted in dams prsed to 200 or 400 Mgy (incidences were 0, 6%, 12%, 0, and 22%).

A significant increase in the number of malformed offspieg goup occurred in dams pased

to 300 or 400 mixg ACN (0, 10%, 0, 19%, and 18%]).he most common effect was rib fusions.
The reason for the nonlinear effects was ngplared bythe investigtors. A concurrent goup
was administered 300 rtig thiosulfate byintraperitoneal injection 20 minutes prior to
inhalation, and repeated eveéhhours for the néxLO hours. Treatment with thiosulfate
prevented both maternal and developmentatttyx indicatinga causal connection between
cyanide and the effects observerhis studyidentifies a NOAELof 200 mgkg and LOAEL of

300 mdkg for maternal toicity. The NOAEL for fetotoxcity could not be established on the
bass of the noninear effed in the fetises.

Preghant New £aland Wiite SPRabbits (25/¢oup) were administered 0, 2, 15, or
30 mdkg-day of ACN by gavage duringgestation dag 6-18, and sacrificed oregtation day29
(Argus Researchdboratories, ic., 1984).Dams were eamined for clinical sigs, bodyweight
changes, feed consumption, and chaagn absolute liver wely. Examination was performed to
identify anygross lesions, which were then retained for histopatlyoltgthe hid-dose goup,
5 dams diedg = 0.025) between day2-19 and 2 aborted on eithasstation day23 or 27 (both
effects atributed b treament). Clinical signs in these affe@d rabhis included a&xia, anorexa,
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decreased otor actvity, bradynea, dgpnea, mpaired righting reflex, and cobred exidat in
cage pan. A decrease in bodyeight was observed in 30-fkg-daydams betweenegtation

days 15 and 19 < 0.01), but the welgt increased sigficantly after end of administration (i.e.,
gestation dag 19-24) and was higer than control welgs on dag 24-29. Necropsyrevealed

thin stomach walls in the cardiac reg in those rabbits that died, and this observation was
considered treatment-relateBxposure to ACN did not appear to cause reproductive
dysfunction, althouly a slidht, but not sigificant, increase in resorptions per litter was observed.
Developmentd effects wae seen a thehigh dose Theaverage numbe of live fetuses pe litter
was sgnificanty decreasedp(= 0.011) at 30 mgg-day. There was no sigficant increase in the
incidence of fetal malformations or anomalies with ACId@sure.Based on maternal tocity,
this studyidentifies 30 m¢kg/dayas a [EL (mortality). A NOAEL of 15 mdkg/dayis gven for
maternal toicity. A NOAEL of 15 mdkg/dayis identified for developmental twity (decreased
live fetuses pe litter).

Morrisseyet al. (1988) evaluated reproductive endpoints in the male rat and mouse
exposed to nominal concentrations of 100, 200, and 400 ppm in tledtdta¢l 983a,b) studies.
No treatment dfects wae obseved on theweghts of riht caudaepididymis, right epididymis,
and ridht testis, nor were argffects found on sperm motilitp the mouse Similarly, a lack of
effect on these endpoints were found in the rat; thehweitthe ridnt epididymis was not
evaluated.In neither species were effects on sperm depsipercent of abnormal sperm
evalaed.

4.4. OTHER STUDIES
4.4.1. Acute Data

There are limited acute daa on theord and inhdation exposureof ACN to humas and
animals. In humans, qualitative information is based primaoitycase reports (see Section 4.1).
In animals, oral D.s have been reported for the mouse (269-45&ghgnd the rat
(2,230-4,050 mixg), inhalation IC.s (1-2 hours) for the mouse (2,300-5,700 ppm), abgsL
(4 hours) for the rat (16,000 ppm) B¥D, 1993).

In an unpublished subacute stititymuQuest Bboratories,ic., 1984), BC3FL female
mice were egosed to 0, 100, 200, or 400 ppm ACN, 6 hours/8ajawweek, for 10 day
duringa 14-dayperiod. Gas chromatagphic analgis indicated the test compound had a purity
exceedng 99%. Chanber concemtitions were ranitored byinfrared specbscopyevery
30 minutes duringach 6-hour eposure.No treatment-related clinical sig were evident.
Statisticaly significantdecrease9(< 0.05) in red and white blood cell counts, hematocrit, and
hemodobin at the two hilgest concentrations were reportédbwever, mean values at these two
concentrations seemed to be nmaadly lower than controls and mdne of questionable
biological significance. Necropsyrevealed thgic atrophyin the 200- and 400-ppnraups
(incidence not stated); the effect corresponded to reduction (mdftcgigt) in thymus/brain
weight ratio (absolute oamp weight and thynus-to-bodyweight ratio were not reported)he
number of mice eemined histopatholacglly was not stated and appears to beneatgr than
six per eyposure goup, based on information presented for other endpo8dsum §G levels
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were sigificantly decreased in a concentration-related manner (26%, 33%, and 48% decrease,
respectivelyof controls), but linear regssion analys indicated no concentration-related trends
with IgM and QA. Tests of Bcell function were unchaseg from controls.

In the same report, reference was made to a concurrent $udsin which a separate
group of BBC3FL mice were eggosed to the same concentratioh data per se were presented
for this study However, thynic atrophywas mentioned for the 200 and 400 pmougs of the
90-daystudyas had been for the 14-dsiyidy No incidence or severityata were reported.

A statement referrintp slight vacuoliation of hepatodgs and hgropic degneration was the
only information presented on histopathatzg findings in liver; alanine aminotransferase
(AST) and aspartate aminotransferase TAlevels were within the normal ra@glt is likely that
the 90-daystudyreferred to is the Haton (1983a), since the principal investigr was a
co-author of therhmuQuest reportOf significance is the lack of effect of ACN on tinys in
the Hazlton (1983a) report, in contrast to the statement inrtimeuQuest reportThus, the
significance of an effect of ACN on the timas without further corroboration is doubtful.

4.4.2. Genotoxicity

The overall data indicate that ACN is not a point meagut does interfere with
chromosome seggation. Acetonitrile at concentrations up to 10,009 plate was nedive in
Salmonella typhimuriuratrains TA1535, TA1537, TA97, TA98, and TA100 in the absence of
S9 and in the presence of rat or hamster S9 induced with Aroclor 1254 (Mortelmans et al., 1986;
NTP, 1996).Negative results were also obtained in a preincubaBotyphimuriunassayand a
reversemutdion assg in Saccharomyces cersiae D7, conducted in the presence and absence
of S9 from rats induced with ACN or phenobarbitone (Sahteidch et al., 1988), althougthe
bacterial assy was limited by the useof stdionary cultures.

Sister chronatid exchangs (SCES) in Chinese hamster ovary(CHO) cels were
significantly increased in the absence of S9 (atlp,000 @/mL), but there was no effect in the
presence of S9 (Gallowagt al., 1987; NTP, 1996)Gene conversions i8. cere\giaewere
increased in the absence of S9, but not in the presence of S9 éBaihdbget al., 1988).Both
of these assaymeasure repair of DNA damagather than persistent DNA daneag

Chromosome aberrations werersfgantly elevated in CHO cells at 5,00@/mL in the
presence of rat S9 but the trend test was bordegired(016); there was no effect in the absence
of S9 (Gallowayet al., 1987; NTP, 1996 lthough the types of chromosome aberrations were
not reported, Gallowagt al. (1987) reported that both simple and comalexrations were
elevated at the higdose. The abilityof ACN to induce mutations at the HGPRéng locus in
CHO cells in vitro was investaded both in the presence and absence of rat liveriSasgay
Systems Corporation, 1984Y.here were no sigficant differences between treated and control
cells over a concentration ramgf 0.1 to 30 mignL. Micronucleated normochromatic
enthrocytes (NCEs) were increased in the peripheral blood of female mice, but not in males, in a
micronucleus assayonducted in conjunction with a 13-week inhalationdiyx experiment
(NTP, 1996). Although the micronucleus ass&yusuallyconducted in polshromatic
enthrocytes (PCEs), MacGreg et al. (1990) showed that micronucleated peripheral blood PCEs
and NCEs are at steadiate followingdosingfor 45-90 dag. Schleglmilch et al. (1988) found
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that intraperitoneal injection of mice with ACN at 60% of the o} lwas weakj clasbgenic,

with micronucleated pothromatic eryhrocytes sigpificantly increased at 24 hour§Vhen the

mice were induced bipjection of low doses of ACN for 7 dgyand then challeragl with 60%

of the oral ID.,, an increase in micronucleated PCEs was not observed until 72 hours after the
challeng dose.Positive micronucleus assayan indicate either clastegc activity or

interference with chromosome segation. ACN (131 ppm for up to 70 minutes) also induced
aneuploidy(both chromosomean and chromosome loss) in treated mature scyf

Drosophila melanogastdemales egosed either as larvae or as adults @@siet al., 1991a,b).
Toxicity and sterilitywere induced byhe 70-minute gxosure.WhenS. ceresiae was eyosed

to 5% ACN, it induced mitotic aneuploidZimmerman et al., 1985); the investigrs sugested
that the induction of aneuploidyy ACN in the absence of point mutations or recombination
resulted from interference with tubulin assemdntyl the formation of microtubules in the spindle
apparatus More recently Sehgal et al. (1990) obtained in vitro evidence that ACN does inhibit
microtubule assembiy taxol-purified Drosophilaor mouse microtubules, further indicatitigat
ACN has potential to induce aneuplaidy

Although ACN is largely negtive in gene mutation assaynd produces onlypargnal
effects in diromosomesberation assgs, thepotential of ACN to intefere with chromosome
segeaation both in vivo and in vitro has been demonstratdal imelanogaster

4.5. SYNTHESIS AND EVALUATION OF MAJOR NONCANCER EFFECTS AND
MODE OF ACTION—ORAL AND INHALATION

The database for ACN lacks subchronic and chronic oraitgstudies in animals.
Human dda are limited to ase reports of @ute ACN exposurewith little information on
exposure level.

The noncancer inhalation timity of ACN in the rat and mouse is overtlgmonstrated in
subchronic studies at levels of 400 ppm andhdaigat which lethalityakes place (NTP, 1996).
The two-year studies (NTP, 1996), conducted at lower concentrations, did not demonstrate
adverse effects, clinicallgr by histopatholoyg, in anyof the or@n systems eamined in either
the rat or mouse.

The lethal effects of gposure to ACN are believed to be associated with the production
of cyanide leadingo respiratoryparalysis and inhibition of CNS processest these lethal
levels, clinical sigs included ataa, convulsions, and abnormal posture (NTP, 1996).
Disturbances in blood chemistayd decreased timys weidnt (rats only were associated with
levels of 800 ppm and Higr. (Concentration-related decreases in hemocrits and red blood cell
counts were, however, reported in both tinenuQuest and Halton mouse studies at lower
concentrations) Abnormal histopathologwas largly relegated to the lung and included
congestion, hemorrhag and edema (NTP, 1996; Raai et al., 1959).

The absence of tiyic atrophyin the mouse in both the NTP (1996) staahyl the

Hazelton (1983a) studgre in direct contrast to a statement (incidence/sevesityeported) in
the unpublished studyy ImmuQuest Bboratories (1984) that thyic atrophywas observed in
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B6C3FL mice eyosed to 200 and 400 ppm ACN for either 14 or 9&.dape reference to the
latter 90-daystudyis most likelyto the Haglton (1983a) studysince one of the authors of the
ImmuQuest report was the principal inveatay for the Hadton study

Evidence of abnormal histopatholoip other orgns at levels below those at which
lethality occurred was not apparent in the NTP stutlyus, the concentration-response
relationship is quitesteep. Lethdity in therat may bestran-dependent. In thesubdironic study
by the NTP (1996), 5/6344 rats egosed to 1,600 ppm died durimgeeks 1 and 2, whereas
there were no deaths in preemt Sprage-Dawleyrats eyosed to 1,592 ppm durirggsimilar
time period (Saillenfait et al., 1993)n addition, no deaths were reported in Carwoetmis-
Wistar rats at 655 ppm (Pzani et al., 1959).Developmental endpoints also have been
associated with concentrations liég than those that caused lethaliast et al., 1994;
Saillenfait et al., 1993; Willhite, 1983)he effects of ACN gxosure on reproductive endpoints
in either species prior to matirand throub parturition has not beenaxined.

Mice may bemoresesitive than ras to ACN toxcity, evidenced by theincrease in
forestomach hyerplasia and ulcers, effects not observed in the rat (NTP, 1986).
forestomach lesions observed in the subchronic and chronic studies condutiedby are
critical noncancer effestgven he case repaf gastric eroson in hunans who mgested ACN
(Way, 1981; Bllantyne, 1983).However, the role that inhalationosure play in the
occurrence of the lesions is unknown, and tm&ayninor compared to iegtion as a result of
groomingof contamninated fur and/or muodliary clearance. Moreover, apotantia role of
inhalation can be envisionedvgn the detection of label as eaaly 5 minutes post-injection in
nasal secretions, esopliagand stomach contents after intravenous administration of C14-ACN
to mice (Ahmed et al., 1992Because of the uncertainties surroundimg contribution of oral
ingestion versus inhalation, quantifiable levels of ACN via inhalatiquoexre cannot be
ascertained for this endpoint.

The subchronic data (NTP, 1996) for the rat and mouse do indicate a N&&2B0 ppm
(NOAEL[ADJ] = 60 mdm®) and an EL of 400 ppm (EL[ADJ] = 120 mgm?®) for lethdity .
However, an unambigpus NOAELpertainingto ACN inhalation cannot be determined because
of the possible role of inhalation in causfiogestomach lesions.

4.6. WEIG HT-OF-EVIDENCE EVALUATION AND CANCER CLASSIF ICATION

The National Tokcology Progam (1996) concluded that the evidence for car@nazty
via inhalation of ACN in B44/N rats was equivocata causal relationship between ACN
exposure and liver neoplasia in male rats is uncertahtfiough there was a statistically
significant positivetrend in theincidence of hepaocdlular adenomas, carcinomas, and adlenomas
and carcinomas (combined) in male rats ptilg incidences were not statisticalgnificant by
pairwise comparison or Hife table analgis. In addition, the incidence of adenomas and
carcinomas combined in the 400 pproup was onlyslightly higher than the historical raador
inhdation studycontrols. Male rats exhibited an inaease incidence of basophilicfoci in liver
that was statisticallgignificant in the 200- and 400-ppnnagips. Although the appearance of
these focwas notatypical, as hose nore cbsey related to the caranogenic process (Harada
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et al., 1989), altered hepatocellular foci aeegally considered to be preneoplastic (Williams
and Enman, 1998; Pitot, 1990)There was no evidence of carcieogrity in female rats or in
either mde or fende B6C3FL mice.

The data from the NTP studpupled with the overall lack ofgotoxcity potential
strondy sugyest that the carcinanic potential of ACN in the rat and mouse is Iddowever,
because of uncertaings to the sigjficance of (1) positive trend test of hepatocellular
carcinomas/adenomas (combined) in male rats compared to controls, (2) the relevance of the
basophilic cell foci, and (3) the lack of effect in the mouse, the proposed Guidelines for
Carcinogn Risk Assessment (U.S. EPA, 1996) are clear in stiitaiighe carcinognic potential
of a substance (e,gACN) for humans followingnhalation, oral or dermal gesure “cannot be
determined becauséde exsting evidence $ conposed of conitting dat (e.g, sone evidence $
suggestive of carcinognic effects, but other equalbertinent evidence does not confirm any
concern).” Similarly, when these data are assessed under istingyGuidelines for Carcinan
Risk Assessment (U.S. EPA, 1987), ACN would be classified as Group D - Not Classifiable as to
Human Carcinogenicity. There s an absence of huan evidence andhte animal evidence $
equivocal.

4.7. SUSCEPTIBLE P OPULATIONS

Sensitive populations magclude individuals who énerate increased concentrations of
cyanide because of induction of theaghrome B50 isoform, CYREL.

4.7.1. Possible Childhood Susceptibility

There are a few case reports of accidentadstign of products containinrgCN by
children or infants (WHO, 1993)The synptoms in these cases are similar to thopeeenced
by adults in accidental or intentional iggion of ACN-containingproducts. The few
developmental effects seen in oral and inhalatiggosures of laboratognimals below levels
tha causemaernd toxicity sugyest thd children are not likdy to besuseptible to
developmental effects induced BZN duringprenatal egosure.
4.7.2. Posside Gender Differences

The World Health Orgnization (1993) reported two cases in which adult females

accidentallyingested products containimf§CN. The synptoms reported were similar to those
reported for males.

5. DOSE-RESPONSE ASSESSMENTS
5.1. ORAL REFERENCE DOSE (RMD)

The oral reference dose and supportirfigrmation previouslyn RIS have been
withdrawn. The oral reference dose (RfD), derived via a route-to-routamation, had been
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based on the judgnent that the observation of decreased red blood cells and hepatic lesions (i.e.,
vacuolization) in the unpublished Heton Laboratories (1983) 90-daghalation studyvere
adverse.The decreases in red blood cells are not considered adverse in the present U.S. EPA
assessmentAlthough blood chemistryvas not evaluated in mice in the current NTP studies

(1996) and thus represents a shortconnirtipe protocol, the Ha#ton investigtors had

described these effects as beafiglow magitude and questionable biologl significance.”

The vacuoliation noted byhese investigtors was described as “giity more pronounced ... as
compared to the control mice.” Similar findswgiere noted in the NTP (1996) studihe

vacuolization is not judgd adverse.

Although the available information was inadequate for develoaingral RfD, the
derivation of a developmental @ity RfD (RfD,;) was considered due to developmental
toxicity reported in oral developmental studies reported in hamsters, rats, and rabbiss (Arg
Research &boratories, ic., 1984; RDC, 1981; dhannsen et al., 1986; Willhite, 19838ased
on the available developmental studies, the most sensitive developmental endpoint (decreased
average numbe of live fetuses pe litter), was reported for rebbits alministeeed ACN by gavage
during gestational day 6-18 (Argus Researchdboratories, 1984)This effect occurred at the
highest dosetestad in thestudy(LOAEL = 30 mgkg-day); however, thehigh mortdity (20%) in
dans also ndicaied a FELfor this dose ével. Becausehe dedts occurred wh a shorduraton
of exposure and dosingrrors were not reported, it is likelyat the observed effects were
chemical-relatedThe other oral developmental studies in hamsters and rats were not appropriate
for the development of an RfR2 No developmental tagity was seen at argose up to 275
mg/kg/dayin the rat studyJohannsen et al., 1986), and the dose-response data in the hamster
study(Willhite, 1983) were too inconsistent to determine whether there was an effect, and if so,
atwhatlevel. In light of these mconsstencies, and because naidly identfied a LOAEL in the
absence of a materndEE, the derivation of an Rf[} was not &empted.

The NTP (1996) 2@ar inhalation studin the mouse was not used for route-to-route
extrapolation to an oral scenario because the quantitative contribution of inhalation estiding
of ACN to the occurrence of forestomach lesions could not be delineBtedefore, no oral
dose-response assessment was performed for this compound.

5.2. INHALATION REF ERENCE CONCENTRATION (Rf C)
5.2.1. Choice ofPrincipal Study and Critical Effect

Inhalation data on subchronic and chronidgditx of ACN are available from several
studies: (1) the 1996 NTP studyn 344 rats and BC3FL mice, (2) the 1984MimuQuest
Laboratories studpn mice, and (3) the 1983 Hditon studies on the rat and moudée
subchronic inhalation study Pozani et al. (1959) reported respirataifects in dog and mice
at higher concentrations, and interpretation was limited because of inadequatdetaildy The
developmental taxity endpoints (Mast et al., 1994; Saillenfait et al., 1993; Willhite, 1983) also
occurred at much hiiger inhalation concentrations@AELs >1,200 ppm) than those of the
subchronic and chronic studies.
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The NTP subchronic studg the mouse, supported the results of the chronic stydy
was chosen as the principal studyth mortalityof 1/10 females gposed to 400 ppm
(duration-adjusted concentration = 120/mg) as he criical effect The increasesn absalite
and relative liver weigts in males and the incidence of hepatic vacatbn are not considered
biologically significant hepatocellular adverse findsigHepatic vacuoliation also was not
considered a biolagally significant findingin either thedmuQuest studgr in the Haelton
studies. Becausehe ncidence of forestmach squarmus hyerpkbsia in fermales was ncreased
above controls at 100 and 200 ppm (chronic) and at 200 ppm and above (subchronic) coupled
with uncertaintyas to the role of inhalation in the development of this lesion, there is no
unambigious NOAELIn either inhalation studgonducted byhe NTP. The absence of
forestomach lesions in the rat cannot bpl@xed. There is no information to sgest that
differences between species nmogmingbehavior account for the forestomach lesion&lff et
al. (1982) found that rats pased whole-bodingested 60% of the pelt burden of a radiolabeled
aerosol throuly preening

Although an FEL would ordinarilynot be chosen as a point of departure for RfC
derivation, the choice of mortality this instance appears appropridte both segs of two
laboratoryanimal species, there were no observed nonneoplastic adverse effects clearly
associated with inhalation pasure at three gosure levels (chronic studgelow those
(400 ppm) that resulted in mortalityfhis steep gxosure-response relationship is consistent with
exposure-response data for otheamige-containinghemicals.In most cases, abnormal lung
and bran pahology and dinical signs of respiraory distress ae features concomitant with
mortdity .

Thymic atrophycited in the nmuQuest Bboratories (1984) report was not selected as a
critical effect because it was not corroborated ina@frthe other studies with the mouse.

5.2.2. Methods of Analysis

The RfC was derived according procedures identified in U.&PA (1994b) usinghe
regonaldeposied gas rato (RDGR). Acetonitrile is consdered ¢ be a cagory 2 gas because
(1) it has hi¢p water solubility (2) is metabolied to reactive @nide in the liver, but maye
rapidly debxified b thiocyanag, and (3) does noeactdirecly with respratory tracttissues.

The RDGR (ekrarespiratoryeffects) for categry 2 gases is equivalent to 1 (U.S. EPA, 1994b).
The RDGR, when multiplied with the NOABDbr mortalityadjusted for duration, served to
derive a human equivalent concentration (HE&EYenchmark concentration angfy(U.S.

EPA, 1995) was not applied because there were twiydata points.

5.2.3.RfC Derivation - Including Application of Uncertainty Factors (UF) and Modifying
Factors (MF)

The followinguncertaintyfactors (UFs) are applied to the NOARIDJ) of 60 mgm?®:
3 for interspecies variation, because dosimetric adjustments were applied; 10 for intraspecies
variation; and 3 for database insufficiencidfe total UF= 3 x 3 x 10 = 100No uncertainty
factor was applied to the use of a subchronic shadyause lethalitgid not occur in the
longer-term mouse or rat study lower levels.Therefore, althougthis endpoint is of concern

19



based on the subchronic studycreased gposure would not be pected to increase the
sensitivityto this endpointigen the known metabolism of ayide-containingompounds.

A partial UFof 102 (3), instead of a full factor of 10, was used for database
insufficiencies because of the lack of data on reproductive endpoints invelgiagure of
laboratoryanimals before and duringatingthroudh parturition. A full factor of 10 was not
considered necessabecause (1here § no evidence ¢ sugest that ACN accunulates in the
body, (2) the developmental effects observed seem to bamagrgnd (3) these effects occur at
concentrations lethal to dambklowever, a modifing factor (MF of 10 was applied to account
for the uncertain role that inhalation mabayin causingorestomach lesionsThese lesions
were found in mice subchronicaiyd chronicallyexposed via inhalation and are liketybe a
result of goomingof contaminated fur althobignhalation cannot be ruled out.

RfC =60 mgm® x RDGR (1) = 60 mgn® (HEC)
60 mgm® + [UF x MF] = 60 +[100 x 10]= 6E-2 mgm®.

5.3. CANCER ASSESSMENT

Becausehe evidence of carciogenic potenia of ACN is equivocalin laborabry animals
(see Section 4.6) and there are no data for humans, a quantitative dose-response assessment
cannot be made.

6. MAJOR CONCLUSIONS IN THE CHARACTERIZATION OF HAZARD
AND DOSE RESPONSE

6.1. HUMAN HAZ ARD POTENTIAL

ACN is principallyused in manufacturingperations as an intermediate in closestesys
to produce other oegic chemicals.Because it is sometimes used in noncaptive processes, it
does havelhte poenial to reach arbientair and wagr. In wagr, it is only slowly hydrolyzed at
neutral pH. At acidic pH, it would be gxected to keld hydrogen cyanide. Its half-life in air
depends on the &ent of its reaction with ldroxyl radicals, the principal scaveng mechanism
(NTP, 1996). It also is one component of tobacco smoke.

ACN is readilyabsorbed in the respiratamact and distributes throhgut the body
where it is metaboled in the liver.Metabolism is known to result in formation ofazyde and
thiocyanate, with formddehyde and formicacid as additiond postulded mdabolites.
Hydrocyanic acid has been detected in variousansg(e.g, brain and heart) of the rat upon
inhalation. Cyanide and thio@nate have been detected in variousits@nd the blood of
hamsters upon oral pasure. However, in clinical studies of three individuals who inhaled ACN
for 4 hours, no @nide was detected in blood.

Thereis little direct information concerning the nature of effects tha ACN causes in
humans.Case reports of adults or children whoestgd ACN indicate that ayptoms included
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respiratorydistress (e.g pulmonaryedema), vomitingconfusion, convulsions agtric erosion,
and seizuresCase reports involvingccupational gxosure involved a similar spectrum of
symptoms. Autopsyfindings from an occupationallgxposed individual revealed brain, kidney
thyroid, and liver involvementFrom these reports alone, it is clear that the respiratacy, the
central nervous sgem, and other oags can be adversedffected. Some of the effects observed
in the human case reports have also been noted in studies with labarateays. Inhalation
exposure of rats over 13 weeks indicated that ACN dt bapcentration causes pulmonary
edema, corggstion, and hemorrhadeadingo death.At these concentrations, ataxand clonic
convulsions were observed as well as decreases in halnrognd thynus weidit. When

exposal ove 2 years to lowe concentrations, mée rats (only) exhibited apositivetrend in liver
tumors, but the incidence was notrsfgcant when compared pairwise to controls or after
adjustment for survivalln female mice gxosed to hig concentrations for 13 weeks, the
principal findingwas focal ulcers in the forestomadforestomach tperplasia was observed in
males. Other than increases in liver whigthere were no histopathologl effects in the liver,
nor were there adverse lueffects. Effects on hematolagal parameters were not studidd.a
lifetime studyin themousesat lower concentrations, thee were no dinical effects or dfects in the
liver. Forestomach hyerplasia was increased in incidence, but sevefitlye lesion was not
concentration-relatedThe incidence of pulmonagdenomas/carcinomas observed in males was
not considered to be treatment-related.

Oral and inhalation gposure of pregant rats and hamsters durigegstation to ACN
reveaed hatdevebpment effecs occurred ol atlevels at or exceedng those atvhich
maternal adverse effects were obserdedone studyhat examined the effect of inhalation
exposure on male rat and mouse reproductive parameters, there were no observed effects on
sperm motilityor sperm densityAlthough two-generation studies have not been performed, and
this represents a database deficietlogre is no indication that ACN at levelgexted in the
environment poses a risk of developmental effects.

Because the carcinegic potential in both the rat and mouse is low, coupled with an
overall lack of gnotoxcity potential, the carcin@mic potential in humans is jgected to be low.
However, thaeis una@rtainty in this aeainasmud as there was apositivetrend for
hepabcelular adenomastarcnhomas (conbined) n the mele ratas wel as anmcreasen the
incidence of basophilicliver foci, of which thelatter may represent apreneoplastic effect.

6.2. DOSE RESFONSE

Quantitative estimates of huma risk a aresult of exposureto low levels of ACN ae
based on gxosures ofdborabry animals because no huam daé are avdible. The hunan
chronic concentration of inhaled ACN considered to be safe (the RfC) is 6E¥2.ndne RfC
is based on subchronic and chronic inhalation studies in the rat (NTP, 1996) in whichithoroug
histopathologal analpes were performedBecause onljimited evaluation of hematologal
endpoints was carried out in the rat and none in the mouse, coupled wittmmioa&tion of the
effects on ventilatorparameters or CNS endpoints, the scientific quafityhese studies is
considered mediumThe confidence in the overall database also is medium inasmuch as two-
generation studies were not performelthough acceptable developmental studies were carried
out (via inhalation) in two species, rat and rabbit, with adverse effects occairtengels at or
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exceedingthe level that caused severe maternal effects, reproductive endpoints have not been
thoroudnly evaluated.This represents a database deficiedoyaddition, the potential of ACN
inhalation to induceastric lesions is unknown, but is a consideratioreyg the possible role of
inhaled ACN in causinfprestomach lesions in the mouséhe neurologal synptoms and
respiratorydistress in humans after acutetiigvel exosures suggst that effects observed in
laboratoryanimals are consistent with those observed in humans.

No dose-response assessment was performed for pdiee to ACN.The database
lacked sub&ronicand dronic studies for laboraory animas and thee was onlylimited
information from case reports of humaneston. The NTP (1996) inhalation studyas not
used h a rouée-to-rouke exrapohltion becausehe contibutions of nhaktion and ngestion  the
occurrence of forestomah lesions ould not bequantified. Similarly, arouteto-route
extrapolation from inhalation to other endpoints could not be conducted because of lack of
mechanistic daa
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APPENDIX A. EXTERNAL P EER REVIEW--SUMMARY OF COMMENTS AND
DISPOSITION

The support document andl5 summaryfor Acetonitrile have undeogme both internal
peer review performed Iscientists within EPA and a more formatemal peer review
performed byscientists perforned accordance i EPA guidance on peer restv (U.S EPA,
1992). Comments made ke internal reviewers were addressed prior to submittieg
documents for errnal peer review and are not part of this appendihe exernal peer
reviewers wee tasked with providingwritten answe's to general questions on theveall
assessment and on chemical-specific questions in areas of scientific contoowarsgrtainty
A summaryof significant comments made lilge exernal reviewers and EPA'’s response to these
commaents follows.

(1) Gereral Comments
A. The caranogenic potenia of ACN

Comment: All three revewers ageed hatthe charadarization of carcnogenic potenial is
appropriate.All reviewers ageed that “equivocal” is the appropriate desition. Two of the
reviewers were of the opinion that thersfgcance of liver tumors in rodents is of uncertain
relevance to human risk. Onereviewer intimated tha a beter disaussion of thesignificance of
basophilic liver foci could be presented and cited a recent artiddilbgms and Enman (1998)
as support for an association of these foci with careniogy.

Response to Coment: Information pertainingo this reference and to the publication of
Harada et al. (1989) was added to both thedaagcal Review and cancer summaoyindicate
tha basophilicliver foci are geneaaly consideed to bepreneoplastic (Williams and Enzma,

1998), but that the foci in the NTP mouse stady not atgical in appearance, a characteristic
that is often associated with pregsion to cancer (Harada et al., 1989).

B. Selecion of he nostappropréte critical effectfor RfC calulation

Comment: All three reviewers ayreed tha mortdity is themost g@propride choice for the
critical effectgiven te dah preserdd.

C. Discussion pertainingp “SupportingAdditional or Other” studies

Comment: Two reviewers thoug the Haglton (1983a) andhimuQuest Bboratories (1984)
should be discussed more fullyn particular, the Haatton (1983a) should not be discounted
without presenting clear rationaleOne reviewer suggsted that a discussion of this study
appear in the summadocument underB.4.

Response to Coment: A full discussion of the unpublished Haton (1983a) 90-day

inhalation studywas included and the results, in part, were contrasted with those of the
unpublished 14-daymmuQuest Bboratories (1984) stugdpresented under “Other Studies.”
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The shortcomingjof the mmuQuest studwere presentedA discussion of Haglton (1983a)
was also presented in SectioB.# of the summargocument.

D. Data that should be considered in developingertaintyand modifyng factors

Comment: Two reviewers aged that the selection of uncertaiatyd modifyng factors was
appropriate.One reviewer was uncomfortable with the identification of 400 ppm a&lan F
consideringhere was onlpne mouse death at this concentratilirwas proposed that 800 ppm
be identified as theHL for risk assessment purposes.

Response to Coment: It is possible that the one death at 400 ppm was unrelated to
treatment.However, gven the steep concentration-response characteristics of ACN and the
sudden onset of mortality both the rat and mouse, it was considered appropriateaml reg
400 ppm as treatment-related.

E. The ratonak for the weght-of-evidence and cordience sitements

Comment: Onereviewer sugyestad tha theredevance of liver tumors in thea to humans
should be presented here and that theifsi@nce of the preneoplastic lesions should be
addressed more fullyA second reviewer indicated thangtoxcity data should be included.
The third reviewer stated that the undertyassumptions and limitations are sufficiently
apparent.

Response to Coment: EPA recogizes the onging scientific debate regding the
relevance of rodent tumors to humamtowever, in this case the overall wieigf evidence is
inadequatd for deermining the hunan cancer pehial for acebnitrile, given te lack of evidence
seen i the ratand he narginal effecs seenn the nouse. Therefore, ER believes hatan
expanded discussion of the sificance of preneoplastic basophilic foci is unneeded.

(2) Comments onChemical-Specfic Questons

Question 1: Isit appropride to usemortdity as a point-of-dgaturein thederivation of the
RfC?

All reviewers ageed that there are no more sensitive endpoints to use in RfC derivation.
Question 2: Isthe rationale iyen for discountinghe Haelton (1983a) studgufficient?

All reviewers ageed that a complete discussion of this stliyuld be presented.

Response to Coment: In the draft presented to the reviewers a discussion of the results
of this unpublished studyas not presented because NW##@ elected not to use or cite the study
but repeated itTherefore, a comment was included togasg that the studgid not meet NTP
acceptance criteridn view of the fact that the reasons NTP did not choose toautiliz study

were not epressed, EPA adopted the reviewers'gestion to include a discussion of the
conduct of the studgnd its results.
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Question 3: Do you agee that forestomach lesions in mice cannot be used as the critical effect
because of unceainties perainingto oralingestion?

One reviewer stated that “the discussion provided mod g@xample of the use of
scientific knowlede in the risk assessment procesBliis reviewer indicated that the lesions
have little rdlevance to huma dfects reported dter inhdation exposure Theothe two
reviewers ageed hatthe dscusson preserdd on foresbmach ksions cearly indicaes whythese
lesions cannot be used in derivation of the RfC.

Question 4: Was it appropriate to discount themuQuest Bboratories (1984) results in the
choice of the principal stu@y

All reviewers were of the opinion that a more complete discussion of thethsamgl
limitations of this studghould be presented®ne indicated more weig should be iyen.

Response to Coment: A full discussion of this studg now presented in the
Toxicologcal Review and in the RfC summatgcument.In these discussions, it is indicated
that the lack of studgesults to support the statement ofntiiy atrophyin the mouse and the lack
of such histopatholagal results in either the subchronic NTP (1996) ordian (1983a) studies
limit the significance of this undocumented and uncorroborated finding

Question 5: Would you agee that the NTP chronic studgnnot be used to derive an oral RfD?

All reviewers were in agement that an oral RfD cannot be derived because of the
uncertainties in the role of inhalation and oralestgn in causindorestomach lesions.
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