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Naphthalene; CASRN 91-20-3 (09/17/1998) 

Health assessment information on a chemical substance ~~included in IRIS only after a comprehensive review 
of chronic toxicity data by U.S. EPA health scientists "~o~n several Program Offices and the Office of Research 
and Development. The summaries presented in Sections I and If represent a consensus reached in the review 
process. Background information and explanations oft1e methods used to derive the values given in IRIS are 
provided in the Background Documents. 
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Naphthalene (CASRN 91-20-3), IRIS, Enviro::r1ental Protection Agency 

The oral Reference Dose (RID) is based on the a~st·.mption that thresholds exist for certain toxic effects such as 
cellular necrosis. It is expressed in units of mg/kg-day. In generaL the RID is an estimate (with uncertainty 
spanning perhaps an order of magnitude) of a daily e;~r<•sure to the human population (including sensitive 
! ·oups) that is likely to be without an appreciable risk •Jf celeterious effects during a lifetime. Please refer 
t0 .. Je Background Document for an elaboration of the~ e c,;ncepts. RtDs can also be derived for the 
noncarcinogenic health effects of substances that are also ::arcinogens. Therefore, it is essential to refer to other 
sources of information concerning the carcinogenicity of 1 hi~ substance. If the U.S. EPA has evaluated this 
substance for potential human carcinogenicity, a sumn tary or that evaluation will be contained in Section II of 
this file. 

_I.A.1. Oral RfD Summary 

Critical Effect 
Decreased mean terminal body NOAEL: 100 mg/kg-chy: 
weight in males 71 mgikg-day (adju~t~d) 

Subchronic oral rat study 

BCL, 1980a 

LOAEL: 200 mg/kg-day 
142 mg/kg-day (adja:;tell) 

UF MF 
3000 

RfD 
2E-2 

mg/kg-day 
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*Conversion Factors and Assumptions-- MW ~- 128.1 q_ Duratic·n adjustment (5/7) of the doses (100, 200 
mg/kg-day) arrived at a critical NOAELILOAEL pair vf 7 i and 143 mg/kg-day for decreased mean terminal 
body weight in male rats. 

_I.A.2. Principal and Supporting Studies (Ora: :vo) 

Battelle's Columbus Laboratories (BCL). ( 1980a) Unoubl ·bed .~ubchronic toxicity study: Naphthalene 
( 904), Fischer 344 rats. Prepared by Battelle ;Atbcrat< ·ie,; under NTP Subcontract No. 76-34-106002. 

Naphthalene(> 99% pure) in com oil was administered by gavage to groups of 10 male and 10 female Fischer 
344 rats at dose levels ofO, 25, 50, 100, 200, or 400 mg•](g (duration-adjusted 0, 17.9, 35.7, 71.4, 142.9, and 
285.7 mg/kg-day), 5 days/week for 13 weeks (BCL I 91' \1). Measured parameters included food consumption 
and body weight weekly, twice-daily observaticn J(>r c!ini-:al .-;igm of toxicity, hematological parameters for 
blood collected at termination (hemoglobin, hematocrit, total and differential white blood cell count, red blood 
cell count, mean cell volume, mean cell hemoglobi:1 con~~entration), necropsy of all rats in the study, and 
complete histopathological examination of 27 orgaes and Lssues (including the eyes, lungs, stomach, liver, 
kidney, reproductive organs, thymus, and kidney) f:-om dl -:ontrol and 400-mg/kg rats. Male kidneys and 
female thymuses from the 200-mg/kg group were also ~xunined lustopathologically (according to the 
histopathology tables; however, the rep on text states tl: ,:t :!1e J 00-mg/kg group was examined). Organ weight 
data were not reported. 

At the highest dose level, two males died during the last week of treatment, and rats ofboth sexes displayed 
diarrhea, lethargy, hunched posture, and rough coats at intem1ittent intervals throughout the study (BCL, 
1980a). Food consumption was not affected by exposure. h1t uean decreases in terminal body weight greater 
than 10% compared with control values were fcl'lld in ''-'-'(·ml fTOups ,Jf exposed rats (over the 13-week 
period); namely, 23% depression in females at '-fOO m~: kg and" 29% and 12% depression in males at 400 and 
200 mg/kg-day, respectively. Differences between Ti~J.' v: lues of hematological parameters in exposed groups 
and control groups were< 10% of control value~. ex~cr:·: r r :', 94°~, increase in numbers of mature neutrophils 
and a 25.1% decrease in numbers of lymphocytes in J,,,J,:: ~OC-mg/kg rats and a 37.2% increase in mature 
neutrophils in 400-mg/kg females. Histological examiu1ti ·:1~: revealed low incidences oflesions in exposed 
male kidneys and exposed female thymuses; no le~ion \\ '- 'T ',:Jsen ,~din respective control kidneys or 
thymuses. Lesions such as focal cortical lymphocytic inJi' ration or focal tubular regeneration were observed in 
kidneys of2110 male rats exposed to 200 mg/kg naphthakne. <md diffuse renal tubular degeneration occurred 
in 1110 male rats exposed to 400 mg/kg naphthalene. Other ksions include lymphoid depletion of the thymus, 

·h occurred in 2110 females exposed to 400 mg/k)! naphthalene. but not in any other females. No other 
t..,. ..e lesions were detected. Decreased body weight W'l·- tile most sensitive effect noted in this study and was 
identified as the most appropriate critical effect for :her nvo~es of RID derivation. Mean terminal body weight 
decreases greater than 10% compared with control •;alt:e-; were found in male rats following a 90-day gavage 
exposure to 200 mg/kg-day (LOAEL). The NOAEL hr ct > 10'% decrease in body weight in this study was 100 
mg/kg-day (71 mg/kg-day duration-adjusted). 

http://www.epa.gov/cgi-bin/epaprintonly.cgi 1/13/2004 
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Shopp, GM; White, KL, Jr.; Holsapple, MP; eta! (1984) Naphthalene toxicity in CD-I mice: general 
toxicology and immunotoxicology. Fundam Appl Toxi:Dl4(3 pt 1):406-4I9. 

. .ps of male and female albino CD-I mice:: (approximately 6 weeks old at the start) were administered 
gavage doses ofO, 5.3, 53, or I33 mg/kg naphthalene (99.3%. pure) in com oil for 90 consecutive days (Shopp 
et al., 1984). A naive control group and the 5.3- and 53-mgikg dose groups each contained 76 male mice and 
40 female mice. The vehicle control group contained 1I2 male mice and 76 female mice. The high-dose group 
contained 96 male mice and 60 female mice. Significant cl'en·ical-related decreases in terminal body weights 
or survival were not observed in either sex. No "igctificant 'ltaatioas in absolute or relative organ weights 
occurred in exposed male mice. Significant decreases in a'J•;olute weights of brain, liver, and spleen and 
relative weight of spleen occurred in high-dose female~: Jw -veYer organ-to-body weight ratios were 
significantly different only for the spleen. Histopathological•:xamination of organs was not conducted, but the 
authors noted that cataracts were not fom1ed in exposeclrni.:t :methods used to assess the presence of cataracts 
were not specified). Examination of hematological pannnetcrs (including numbers ofleukocytes, erythrocytes, 
and platelets and determination of hematocrit and hemo:;lobin) at tem1ination revealed only slight, but 
statistically significant, increases in hemo~:lcbin in high-drw~ females only; however. the hematological data 
were not shown in the report. Chemical analysis of serum ;hnwed statistically significant decreased blood urea 
nitrogen in all exposed female groups, and increased seru;n f lobulin and protein in the two highest female dose 
groups. In the same study, no exposure-related rc~~ponses were found in a battery of immunological assays 
(humoral immune response, lymphocyte responsiveness, dd::11ed-type hypersensitivity response, popliteal 
lymph node response, and bone marrow function): immunoto':ic responses were observed in positive controls 
given intraperitoneal injections of 50 mg 1kg cyclophosp'tatnide on days 87, 88, 89, and 90. The study 
identified a LOAEL of 133 mg/kg-ca:y and a NOAEL of 5~: mg/kg-day with significant decreases in absolute 
weight of brain, liver, and spleen and relative weight of ~plcen in high-dose females. Therefore, the LOAEL of 
133 mg/kg-day is based on the observed organ effects. E·spectally the dec··ease in the relative weight of the 
spleen along with the suggestive evidence for eff~cts on he JatJc enzyme function. The toxicological 
significance of the statistically significant alterati·Jns in hematological and serum chemical parameters is not 
clear. 

The use of the BCL (1980a) study in deriving the- RID wa•; lEs•~d on t'1e following reasons: 

lTte verification of the chemical dose. animal maintenance. and study design (10 rats/sex/dose group for 5 dose 
groups and 1 control group) are conststent with CiLP guidelines submitted for 90-day studies, unlike the Shopp 
et al. (1984) study, in which the numbers of animz.l:; actPal,y < valuated compared to those exposed for most 
endpoints (organ weights, clinical chemstry, ar•d immunobg cal .e~ting) were small. 

The decrease in mean te1minal b·Jdy weight in the BCL ( i '780a) study wc.s not a result of decreased food 
consumption and was accompanied by clinical ~igns (di.IIThe<;, lethargy, and rough coats) consistent with sick 
animals. 

Decreases in mean terminal body weight of c..t leas I 10% \',ere observed in females and males in the case of the 
BCL (1980a) study, unlike the Shopp eta! (1984) study, n which no significant changes in body weight were 
reported at any dose level. 

The statistically significant alterations (p < OJJ5) oiJserve~ in 'he absolute (brain, liver, and spleen) and relative 
weight (spleen) of some organs in the absence cf any de.:r:":l:>e in body weight (Shopp eta!., 1984) is not 
consistent with the absence of lesions and the l<.ck .1bign cmlt alterations in the clinical chemistry data, 
hematology, mixed-function oxida:,.e activity, or the immunotoxicity assays for either sex. 

Although the gross and histopathological examir.ation '.\as limited to the control and high-dose group in the 
BCL (1980a) study, renal lesions of low incider.ce wen~ ol:'lserved in the kidneys (focal cortical lymphocytic 
infiltration, focal and diffuse tubular regeneration) and thym.rs (lymphoid depletion) in males and females, 
~spectively, at 100 mg/kg (71 mg/kg-day). unlike the Sht •pp ct a!. (1984) study, in which gross necropsy (no 
histopathological examination of tissues) on a randomly s: le tt;d number of animals revealed no lesions. 

_I.A.3. Uncertainty and Modifying Factors (Ora! l~fr ) 

Dr= 3000. 

The duration-adjusted NOAEL for terminal body \-I eighl dt crcas·~ (> 1 Q'j~, of control) in male rats from the 
BCL (1980a) 90-day gavage study. 71 mg/kg-d;:n, wu:; di v ckd b; an uncertainty factor of 3000 (l 0 to 
extrapolate from rats to humans, l 0 to protect sensitive hunans. J 0 to extrapolate from subchronic to chronic 

http://www.epa.gov/cgi-bin/epapril!to:-ly.cgi 
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exposure, and 3 for database deficiencie~; includin~. the Ia;::.: , 1 :· chro'"~ic oral exposure studies and 2-generation 
reproductive toxicity studies) to aJTi\ eat a clu·on1c RtD ~( · na,1hthalene of 2E-2 mg/kg-day. 

=1. 

_I.A.4. Additional Studies/Commnnts (O:al RfD) 

In deriving the RID additional studi,~s were evaJua~ed for a variety of critical effects. Nervous system 
depression in pregnant rats (NTP, 1991) occurrins 'it<~ k'\\'.T dose (50 mg/kg-day), was judged to be 
nonadverse, because the effect was considered to be transi.:nt :n nature. Data from studies of mice exposed 
acutely to injections of naphthalene, or 1- or 2-methy,m ph, ha!ene (Buckpitt and Franklin, 1989), or 
chronically to 1- or 2-methylnaphthalene in the diet (Mur:t'a ft al., 1993, 1997) provide suggestive evidence 
that chronic oral exposure to naphthalene at low doses nw: · Jll ~duce lung injury. However, deriving an RID for 
naphthalene based on the methylnaphthalene data was J uc! gd 1 o be too uncertain, because of metabolic 
differences between naphthalene and mcthylnaphthalenes an l the absence oflung injury in subchronic oral 
studies in rats (BCL, 1980a) and mice with naphthalene (Li~ .. l980b: Shopp et al., 1984). 

A benchmark dose (BMD) approach to rnodelinf tile m<dc rat body weight data fits mathematical models for a 
continuous variable to the data using maximum likdih(wd methods (see Appendix B to the Toxicological 
Review ofNaphthalene, "Benchmark n•se C'akui.'tio• ~") :n this approach, maximum likelihood estimates 
(MLEs) of dose (with no duration 2cljw:tment) a' >o: ia~c·.l ·· ith J 1 0°1" decrea~e in mean body weight compared 
with nonexposure conditions were 171 and 172 ntg 'kg-d: y ning a pclyn)mial and power model, respectively; 
respective 95% confidence lower limits on these d;,~c~:. :,tk.r .. 1; BM~Ds. were 130 and 135 mg/kg-day. 
Assuming that either of these BMDs are surrC!g<!t,;s for ~H~ A r:r_s, as suggested by the analysis of 
developmental toxicity data by Allen et al. ( l994;t,b) a: 1 : . '', ock et a!. ( 1995), making duration adjustments 
(BMD x 5/7) and applying the same 3000 Lmcertamt) fa: •r Lued for the NOAEL/LOAEL approach arrives at 
a prospective RID for naphthalene, 3E-2 mg/kg-day. that ·:comparable to the RID derived with the 
NOAELILOAEL approach. 

r ~hmark dose approaches to deriving a chronic RiD j; r aarhthalene were also examined using data for 
n-.. -:mal body weight decreases in the NTP (1991. rat d.·vclopmental toxicity study and data for lung 
proteinosis in mice exposed for 81 wee:<s to 1-m::· tylnJ] ,j • n' ::· e it~ the diet (Murata eta!., 1993). Decreased 
maternal body weight was not selected as Llw ba~;i:' of:;;;·(' i-: [~fD derivat;on because the pregnant rats were 
exposed for only a small percentage of th:ir lives. A" cii.; :1, :sed earlic;·. deriving the naphthalene RID based on 
1-methylnaphthalene data was judged to be too Ld1Cert:li , h.c ;iuse of metabolic differences between 
naphthalene and methylnaphthalenes and :.he ab:;ence c f t' :1)' injmy in rats and mice orally exposed to 
naphthalene for subchronic periods. 

The benchmark methodology for naphthalene is ccmtamet '\:thin an appendix of the Toxicological Review for 
the readers' information, however it wa~ decided 10 11~:c th LOAEL/NOAEL approach rather than the 
benchmark approach in the derivation of the RfD/FUC 

For more detail on Susceptible Populathms, exit /o tfu· hi.. h ,JlogicaLre_vJ_e):tz,_S_f!(;_fiofl.4. 7 (PDf). 

_I.A.5. Confidence in the Orai RfD 

Study-- High 
Database -- Low 
RID--Low 

The principal study was given a high confidence ·ati.ng be: at':~ adequate numbers of animals were included 
and experimental protocols were adequately designed, condul'ted, and reported. Confidence in the database 
was rated low because of the lack of adequate chrcn ic or Jll< · 21 for naphthalene; the lack of any dose-response 
data for naphthalene-induced hemolytic ::memia, proha1)1· cu of the: most well-known health Hazards to 
humans exposed to naphthalene; and the lack of l\1 'J-gck~ ti 10 reproriuctive toxicity studies. Humans exposed 
'· · inhalation, combined inhalation and dermal exp Jsurf. : 'J :Cin tbined inhalation and oral exposure have 
.,.,,, ~loped hemolytic anemia. Hemolytic anemia is ~ h::nt,~:<'ri7''d hy findings of lowered hemoglobin, 
hematocrit, and erythrocyte values, elevated retieul x:"r ,: 'L>ts, Heinz bodies, elevated serum bilirubin, and 
fragmentation of erythrocytes. In severe c:1ses, tb~ he'll·.' y' i ~ .. nenia was accompanied by jaundice, high 
serum levels of bilirubin, cyanosis. and kemicterLs wif1 P' <JLntmced neurological signs. Neither oral nor 
inhalation exposure levels were available in hum:n stuiH' · r~ ~ortmg anemia (Melzer-Lange and Walsh-Kelly, 
1989; Owa, 1989; Owa et al., 1993). Inf<mts deficient i'l Cr'J'l'H a.'·e thought to be especially sensitive to 

http://www.epa.gov/cgi-bin/epapr~ntonly.r:gi 
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naphthalene-induced hemolytic anemia. Rrcsultint!- confidr ru· :n the RID is lew. A quantitative comparison of 
the acute dog study (7 days at 262 mg/kg-day: fru -Hmdi g ~.<JAEL of262mg/kg-day based hemolytic 
aflflmia) with the RID (chronic oral rat study based (lfl eke ·cz •e in mean tenninal body weight) to determine 

her the RID is protective of hemolytic anemi> in 1lt! nan:. is not possible since ade:juate dose-response 
dtt.a in a subchronic or chronic dog study ar~ Jacking. ' 1 ·d,·rc, because of the absence of an appropriate 
animal model one cannot extrapolate either quaiitflt v·.:<y ')r ~:t:antit1tively to humans with respects to hemolytic 
anemia. 

For more detail on Characterization •'f'Ha-:.ard and lit;: c !(. \ponse, exit to the toxicological review, Section 
Q_(PDF). 

_I.A.6. EPA Documentation and Review of tm C a: \''!fD 

Source Document-- U.S. EPA, 1998 

This assessment was peer reviewed by external sc:ic:Jt;sl· r heir comments have been evaluated carefully and 
incorporated in finalization of this IRIS mmmm~-. \ rc~::nl nf the~<' comments is included in an appendix to 
the Toxicological Review of Naphthalene in suppc.rt of: •t J'r:~rary Infc·nnation on the Integrated Risk 
Information System (IRIS) (U.S. EPA, I 99R). Tv1·, yie'l' 1 I '<: IJI}?I'!ldffi.f-YiUJ'- the toxicological revie!&_ 
Appendix A, Summarv of and Rl!}iJ'}fW,"f_ 1<1 _h'>;tt•nur! 0 f't'r ~~el'ie_w CoiJJf!lf!~l'LiPDF). 

OtherEPADocumentation-- U.S. EPA. 1980. 1';?:6, ]9.'7:: 19~8 

Agency Consensus Date- 07/01/98 

_I.A.7. EPA Contacts (Oral RfD) 

Please contact the IRIS Hotline fen· all C]Pestiort' '"'ncc•·t in t:ri'' as-.essme·at or IRIS, in general. at (202)566-
, ·r, (phone), (202}566-1749 (fax)_ or 11 ctiinQj.- : .· q' · :n~en·c~f address). 

_1.8. Reference Concentration for C'1ronic: !nhai.:~dcn Exposure (RfC) 

Naphthalene 
CASRN --91-20-3 
Last Revised-- 09/1711998 

The inhalation Reference Concentration (RfC) ;, ar ah,>;: l', ic ;he ural RID and is likewise based on the 
assumption that thresholds exist for certain toxi; c:ter·1 i' 't ,,, c.dl11lar necrosis. The inhalation RfC considers 
toxic effects for both the respiratory system (portal-of,~,,lr ) und for effects peripheral to the respiratory 
system (extrarespiratory effects). It is generally e.{p;-e,,~, l ::1 .:nih ofmg/n3. In general, the RfC is an estimate 
(with uncertainty spanning perhaps an order of magmtud ~\ o:·a daily inhalation exposure of the human 
population (including sensitive subgroup~) that i~ Iikel" tc h· .. ·.vithout an appreciable risk of deleterious effects 
during a lifetime. Inhalation RfCs vvere ck-iYed a:co.·d ng ru 1n:: lntc:rim Methods for Development of 
Inhalation Reference Doses (EPA 600/8-1< ~/066F. AugL!:il t 0 :19). and subsequently according to Methods for 
Derivation oflnhalation Reference Concentratim;s ?ncl AJ'~'l .:ation oflnhalation Dosimetry (EPA/600/8-
90/066F, October 1994). RfCs can also be derived f •:· tl: ~ ~J.' ·arciLogenic health effects of substances that are 
carcinogens. Therefore, it is essential to refer 10 nth.T :c- :1· :> :)f in\mnation concerning the carcinogenicity of 
this substance. If the U.S. EPA hac; e•:aluatc:l 1 hi' 'uhs~ o :r:, · po,,~r,tial J·:uman carcinogenicity, a summary of 
that evaluation will be contained in Seck'n II o' t' :., !'i!: 

8.1. Inhalation RfC SumtTm:y 

Critical Effect 
Nasal effects: hyperplasia 
and metaplasia in respiratory 
and olfactory epithelium, 

NOi\ EL L-J-,, ,, 

http://www.epa.gov/cgi-bin/epaprintonly.cs~t 

UF 
3000 

MF RfC 
3E-3 

mg/m3 
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respectively 

r• -onic mouse inhalation 
.y 

NTP, 1992a 

*Conversion Factors and Assumptions--- roJtov<inL: '.lt~ ( •cc·cry 3 guidance (U.S. EPA, 1994), experimental 
exposure concentrations of 0, 10, and 20 rpm were wr' ( ~ c-c: t-, C. ''2. and 157 mglm\ respectively; adjusted 
to a continuous exposure basis in mgim3 (6/:.J hr '5,7 d<: ') cquats mg/m3 x 0.1786:0, 9.3, and 28 mg/m3

. 
Because the b1ood:gas (air) coefficients for napht 1l>. 1c·c ; ~-, :iot availacle, the default ratio of 1 was used and 
the values for the LOAEL(HEC) were 0, 9 .3, and::~ m~· t • . ·~ccnario -- The LOAEL human equivalent 
concentration (HEC) was calculated for an ex' ntrc~;r i r-t1• t '. t.: (cc: f•1r a category 3 gas. Since the b:a lambda 
for humans (h) is unknown, a def2ult value of I 0 i;; us•.> !1 r chis n;~io. LOAEL(HEC) x [b:a lambda 

(animal)/b:a lambda(human)] = 9.3 mg!m 3
. 

_1.8.2. Principal and Supportin~1 Studies 'RfC) 

National Toxicology Program (NTP). (19rJ2<1) Tc>xicl b .. ' 1nd C'lrc:inogenesis studies ofnaphthalene in 
B6C3F1 mice (inhalation studies). Technical Report :~tnc::: l' '· 410 NIH Publication No. 92-3141. 

B6C3F1 mice (75/sex/group) were exposd to nanh· h:· · c·~ ( .c intillation grade. > 99%, pure) at target 
concentrations ofO, 10, and 30 ppm (0, 52. 157 nT' r;' ':·1- (- i,r 1da~·. :'days/week. for 103 weeks (NTP, 
1992a). The duration-adjusted levels were 0. 9.::'. and,':~ r,w; n3 respectively. Additional groups of75 male 
and 75 female replacement animals were expc·scd 1u 30 'Ji' 1' 1 en;me that a sufficient number of mice lived to 
study termination. Naphthalene vapor w.ts genentcG b:. ·.til,_'ci sublimation and monitored by a software 
f~edback arrangement. Average weekly concen rations ,.,c; c: '"ithin 2C% of target concentrations, except one 

~when the mean concentration in the low-corcenttl'.i 11 chamber was 5.5 ppm. Supplemental hematology 
S'l'ullies were scheduled with 25 animab/5ex/group. bu1 cnl: 1h:· first ~acrif1ce (at 14 days) was conducted 
because of high mortality in the male control group Ji·o,rt fi i:1g. Serial -;lit-lamp biomicroscopy and indirect 
ophthalmoscopic examinations were conduct.~cl c ..• 5 Jti, ·-' , -u, 1group at 6-mo intervals. Gross necropsies 
were conducted on all animals. ComiJlcte ni~.top lnl:J; ,; ···-'- c·im1ions of major tissues were conducted on all 
animals, except that the only tissues exmr ined fro•·1 lcl\V ' n·.~:·1~tration animals dying or killed after 21 mo of 
exposure were the lungs and nasal c:ovitie:;. 

Survival of the male controls \\as :'ignificantly lo-,·' 1 ilL'. 1; 1 tc· e\po:-.ed males. Reduced survival was related 
to wound trauma and lesiow; fi·om increased f,glcti :' 1 · i-' •1'JP ;imilar effects were not seen in the exposed 
males, because they tended to huddle in ::age: conLr; du·. . <lo:;L rc periods and so fought less. There was no 
significant difference in survival bctweeiJ the tr•:aUPc:l: tLl c: ·ntrol females. There were no treatment-related 
ocular lesions in the selected mice that underwt n' )pl-1 ~1·1 oi ,,,i,: examinations at 6-mo intervals. There were 
no biologically significant changes :n hematologv rura n , I 1 : t day 14 of the study. Final mean body weights 
of the treated animals were within iO% of the cmrc-spl ~-· 'ltln:;ols. 

Inflammation, metaplasia of the olfactory epitht:ilum. ~ n.!: :,· 1 ·:1piasia of the respiratory epithelium were noted 
in the noses of virtually all exposed mice ufboti·! ;,cxe.~ 11.1i,: only one control female mouse. These effects 
were slightly more severe in the h;gh-concentra[i.>n g,.<~:;:. ., Tabw I for incidence data. The lesions were 
focal or multifocal, occurred mainly in the poster .r r rns;! .:u. iy, and were miaimal to mild in severity. 
Inflammatory lesions included substantia propna c'..' .. ::'. ··. ,. :· . ., ;~~;ti,, t, mixed inflammatory cell infiltrates, 
necrotic debris, and intraluminal serous to fibrir.optl'll lr:: t , x .:!He. :zespiratory epithelial hyperplasia resulted 
in a thickened, folded, irregular mucoshl surface. ()l''a~t. · · q. ithcl; 1l metaplasia often involved ciliated 
columnar or pseudocolumnar respirator; -like ep .tl .li ':' i -~ .J,!Jc ~nf the usual olfactory cel1layer. The 
lesions were collectively considered featu··::s of;· c,' 1 :·. ;, cl ·· l:uuutory and regenerative process. 

Exposure 
level/sex 

Table 1. Incidence >Jf :nonneophr5 '<I( 1 t · ,l: r a tory lf'sions in B6C3Fl mice 
exposed by inhalation to naphtha·c,":, 1 •1 :·lu:ty. 5 days/week for 2 years 

---,- -----· ----

li. 
II 
il 
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j(ppm) 

Source: NTP, 1992a. 

Minimal to mild lung lesions, including infiltratioro , ,J :1 i .. t, •c .tcs ur ly.nrhocytes, inflammation, hyperplasia of 
the alveolar epithelium, and bronchial Sl'bl11UlOHI gla.v ,;, ,kn~i~)lJ, 'Nere observed in both controls and treated 
mice. The incidence and severity ·.vere genera;!:: h;~~h: :; 1.: tn~atul groups of both sexes, but there was no 
clear concentration-response relationship. 

Females in the high-exposure group h?.d ek' a ted i1·l :,J.;,.· - ·i a· v·~olar/bronchiolar adenomas and carcinomas 
(combined incidence 22%, comparee!' with 7% in tile • II' i : ~T\l]J and ?"Ia in the low-exposure group). The 
incidence was also above that of historical conxob a1 <! , umidered compound-related. The incidences of 
alveolar/bronchiolar adenomas and carcinomas 1n 1 c :•k.l ;,,l:~; \Hre marginally increased (l 0%, 25%, and 
23%, in the control, low-concentration, and high-c.n:c• r :: ~.)<1 grnl:ps, respectively). However, because the 
increase was not statistically signifi,;ani and , . .-a.; ·'iLl': : i , r ,- ge of historical controls, it was not considered 
exposure related. Instead, it was attributed to the :,r~cr li :·~- .. :an of the t·eated anim1ls. Nasal adenomas 
occurred in the anterior nasal cavities of two k·1: le · i ;·, !I·.. : . . v ccrctntration group. They were not 
considered compound related because the in :r c,':;c ' a.; • '' :; <Jc cut ration related or statistica[y significant. 
Therefore, the nasal lesions discu::scd al.-·.we ~:ho 1d :l•Y :, <>'1~ :cl::·:,od preneoplastic. 

Calculation ofthe Human Equiwtlent Crmcen'nnim' (j .r 

,.,, e conversion: Because of its low water solub.li y :u. !• ,, · re:.divity. naphthalene-related effects on the 
nasal epithelium are expected to result fol;owin:2 ab~< ,,-.-1 . 1 1r 11.1ohlhalene and metabolism to reactive 
oxygenated metabolites, rather than being a resui• c f .k . C' mtan. This hypothesis is supported by data on 
naphthalene metabolism indicating that tcxic cfftl t~ e> cl .• i;;,::Jir<J.tmy tract are due to a naphthalene 
metabolite that may be formed either in tho: L .er :Jr •11 [!c,, .·,,r·,iratory tract For example, necrosis of bronchial 
epithelial (Clara) cells in mice (O'Brien eta!.. 19~·';_ ;·)~'' i, n';( eta .. 1981) and necrosis of olfactory 
epithelium in mice, rats, and hamsters (Plopper e. al, 1 ;; ; ' ~:cur, )!lowing intraperitoneal injection of 
naphthalene. The nasal efTects from in:1alatiot e.\[Y>'H; •: utJ!JLhalene were considered to be extra-respiratory 
effects of a category 3 gas, as defined m the L.~. U :\ c!t ,,_, u•;c ;(.;deriving RfCs (U.S. EPA, 1994). 
Following this guidance, experimental e'l:posur<' C(illn: n: , c :s ·,vcre adjusted to a mg/m3 basis (0, 52, and 157 
mg/m3), adjusted to a continuous ~~xposurc basi; (J,,g 1r !I 2'f'·, x 5di7d = mg/m3 x 0.1786: 0, 9.3, and 28 
mg/m3), and converted to human c:quivab1t .:o~J-:l·,,tr.''' , ' IT,;l by multip:ying the adjusted concentrations 
by the ratio ofmouse:human blood/ga.; p<·crtitio<. c;J;~':·,,, ,_·1 .- .:le.:1usc the blood/gas coefficients for 
naphthalene were not available. the uefllllt rntic , >!'. ,, · '· ,;, 

Dose-response modeling: Wherea:; the dua from c!:t ;., i :''J2&) 'tudy show nasal effects to be the most 
sensitive effects from chronic in hal a' ion e::p,~~Ut'l· (l r _ ,,.;,' ,,, •:ne, ;hey provide no indication of the shape of 
the dose-response curve because tllc: incid~::nce <'f!';!:;;• 1 

,,., :>~:·:at the lowest exposure level was 100% in 
females and nearly 100% in males (~ee l.'ahk i ). 11 J: . ": : .1rpl:ation of a BMJ approach, in which quanta! 
mathematical models are fit to the incidence data f ,,- 1 <1· 11 • 'i .~c ts. doe:; not ser·sibly assist in ~xtrapolating to a 
NOAEL, and a NOAELILOAEL :1pproach w·.s t<kcn i · ( 1 i in~~ an RfC for naphthalene. 

_1.8.3. Uncertainty and Modifyin£1 Fact< ·rs · . !i: !v. F:fC) 

UF=3000. 

adjusted LOAEL(HEC) of9.3 Jllg 1m c for n.'!~;ill ti': (' ·:)cJr!;lsia in respiratory epithelium and 
metaplasia in olfactory epithelium) was d vidcd h· Zi' 1 ··' llty '>ctor of 3000 (10 to extrapolate from mice 
to humans, 10 to protect sensitive humans, ]I)((\,: .tr<'Jn: : ,'· •l11 a LOAEL to a NOAEL, and 3 for database 
deficiencies including the lack of a 2-generation ; , [l ·,_,Jt : • J< · tr: xi city study and chronic inhalation data for 
other animal species) to arrive 1t a chronic Rf~~ tl .. ::c: •ll 1 •k t.: c;l- E 3 rng!m'. 

http://www.epa.gov/cgi-bin/epaprintonly.c _i 
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MF= 1. 

• 8.4. Additional Studies/Comm~~nts (hh.• I< 

SUPPORTING STUDIES 

Human experience with acute accidental l~xpost r.> '' ·. r ti, J 2w identifies tile development of hemolytic 
anemia and cataracts as health Hazards c;f ~onc,-J .. ,. '· · 1 •. '., i :l(wr wtion is not available regarding dose-
response relationships for these cffeds in hu.1 1c; 1;. ,, c\ 1

, ,: · ( L bchronic, or chronic exposure by any route. 
Animal inhalation studies are re-;cricted to three~~~< it · ! ~ 1 • .' a 2 ·,v.:ar Hudy (NTP, 1992). a 6-mo study 
(Adkins et al., 1986), and a 4-hr study (lJuckritL I 1h _; '' ·'~ fi·,~ Tt :he chronic study. supported by the 
subchronic and acute studies, identify nasal and pu ln](ln. 1 :· i1;uric~: as critical effects from chronic inhalation 
exposure to naphthalene; effects in other ort:am •r. ~·a .•.::e not found. Incidence data for male and female 
mice with hyperplasia of the nasal respiratory e,Jithd' .. ,J •: .: Jpl2s1a of the nasal olfactory epithelium, and 
chronic pulmonary inflammation clearly sbo·.>.· t'HJ1 1.h: i1 ,. · :·,·;ore sensitive than the lung to chronic 
inhalation exposure to naphthalene. At bc·th e:q:os1 L ''\•. 1 r 10 c:nd 10 ppm. 6 hr/day, 5 days/week),> 95% of 
mice of either sex showed nasal lesions, •;.;hereas p1 t1r. l; :1 " ,;;sions were found in< 1/3 and< 112 of mice 
exposed at 10 and 30 ppm, respe;;tively (Tab c 1) N: .·· oi ·ns in t'1e re~ piratory and olfactory epithelium in 
mice found in the NTP (1992a) studv were the:·ef ''T .,, I ~' '1·: the critical effects for the purpose ofRfC 
derivation. 

Adkins et al. (1986) exposed femal·:o: AIJ mice (3C: , , , .. I 0. c'r .1 0 ')pm (0, 52, or 157 mg/m3) 

naphthalene for 6 hr/day, 5 day~;v.eck fur 6 rr•) .• :rc. ', ,, 1 .. u ,1,: Ltlm.:er of adenomas in each lung. The 
duration-adjusted concentrations were 0. 9.2, and:·~ r >, :1 ~s~ccjveJy. Exposure to naphthalene caused 
increases in the total number of adctklm<ls a·1d tl~e :: .;rc.: · · . ~~ '.1! ctrl' mals with adenomas, but the differences 
were not significant. The number of tumors per 1111,·,c:-., · , uou~e lung wa~ significantly increased at both 
exposure levels. 

Buckpitt (1982) subjected groups of five male m ic' ··', 1 V ··~bster) plus control group to 1-hr exposures to 
.thalene concentrations of 0, 52.4, 95.11, :·04. or J ''' ,, ~·1 1\dvcrse effects were seen only at the highest 

~ricentration, and included swelling of' cdls an.J ..:, ' !' · .Ju the airway lumen of cells from either the 
major and/or terminal airways. The effect..; wert n· ild·.· ,. ·,-:·c :c1ce of cytoch·rome P450 inhibitor and 
stronger in the presence of a glutathione c.•:p'dc•r. ,r ~ :_ 1 .;~· 1 i .at cytotoxicity is due to a naphthalene 
metabolite produced by P4 50 and that J2lutatluu !IL : <1' :c:ti \ C' nle. Napllthalene reduced glutathione 
levels in the lung, liver, and kidney. bur lhc: concd·[·;;t ·,, ; _..,J,~!ISI. ct rve was flat. 

Following a single 4-hr exposure of five malt a·,d fi,•c: !. 

closed eyes, lacrimation, and mouth breathing v t:r _, o:: '· 
toxicity were observed postexposure or durir.g the \4-: '· 
exposure-related lesions. 

For more detail on Susceptible Populations. cxn .'c , 1: ' 

_1.8.5. Confidence in the lnhalaUo~· R~'C 

Study -- Medium 
Database -- Low to Medium 
RfC -- Low to Medium 

'' .1. W; 'Ur Albino rats to 77.7 ppm ( 407 mg!m3), 

'·' : Hu::l1y Run Research Center, 1986). No signs of 
•r,:·r':'· tion period, and gross necropsy revealed no 

The principal study was given mtdium Clllf'ide1•·c ><>' ,, ;1':·:;t'~t ~ run;htrs of animals were used, and the 
severity of nasal effects increased at the !Ji gher c <' J~·L ~· 1 , ,,.,,~t·n'··Jtion. Hov,ever, the study produced high 
mortality, {< 40% survival in the rnak control g!'lllD 1 ' " ·, •ur J trauma z.nd secondary lesions resulting 
from increased fighting). AlsJ, hematolo ,;ica I e ·, !., :, i 11 11•11 'otducted beyond 14 day~. The database was 
given a low-to-medium confidence ntmg becau:c•: til 1 1'1' dnmic or subchronic inhalation studies in other 
animal species, and there are no rcpr;xiuc:ivc or,:.,"' 1: :· ; 1 l ,:tuJies for inhalation exposure. In the absence 

uman or primate toxicity data, cil·: .t~~- mptit ''' ' , ' t• i~ ; na,,~il respomes in mice to inhaled naphthalene 
~·-- relevant to humans; however. · t :.·an not b: :;c: i,; \' . '. . , ' :; tLat this RfC for naphthalene based on nasal 
effects will be protective for hemolytic am:mici aH: ,·, < :t 1 ''· !.lc mmc weD-known human etiects from 
naphthalene exposure. Medium confidence in th,c i(,{ l;.! 1\\ '· 

For more detail on Characterizalion of1fazurt! "" d ; , . .'( ,, ,., orHe, exit to thg_JfJxicological review, Section 
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Q.(PDF). 

' 8.6. EPA Documentation a11d RE:vi<a'A <:>f t1 , ' ,,l~1ti'on RfC 

Source Document-- U.S. EPA, 199S 

This assessment was peer reviewed by e'~·,em?d ,.~..: • 
incorporated in finalization of this IRIS ~;um;m) . .'· ' 

the Toxicological Review of Naphthalene in suprcr 1 : • 

Information System (IRIS) (U.S. EPA, . 998). To ~''"i'' • 

Appendix A, Summ(lry of and Response to Ext · ' · 

Other EPA Documentation-- U.S. EPA, 1 ''80. '> 

Agency Consensus Date - 7/1 /9 8 

_1.8.7. EPA Contacts (Inhalation RfC\ 

Please contact the IRIS Hotline for :dl quc·;ti~:,J:: · . 1 , ,. 1 

1676 (phone), (202)566-1749 (fax), or bQ_t il)c ;, i .. 

· · c .. 1r:· ments have been evaluated carefully and 
: , ·1 c1e~e comments is included in an appendix to 
1 :·: .1ry In cmration on the Integrated Risk 

··rpm dix, exi tf(l the _t_o;ric_oJggi_c_(tL!.fJ:i.f:!J& 
1 ,. " .• OI!lJIU!IliS fPJ)f}. 

' i~ a~,,~ssment c:r IRlS. in general, at (202)566-
, t.~met :1ddress). 

_II. Carcinogenicity Assessmunt for l..ifeh'J if~ ' · .. : tHe 

"- ,hthalene 
JRN -- 91-20-3 

Last Revised-- 0911711998 

Section II provides information on three aspect~ d ih · , r , • .~ :::n i c .1:'.Se ssment fer the substance in question, 
the weight-of-evidence judgment of rhe Jikcllho:'•.l 
estimates of risk from oral exposure and from inhli: i :n ··· 
presented in three ways. The slop<~ t~tctw i~ tl ~ r '· : • ;· , 
is presented as the risk per (mg/kg) 1day. The unit r!.:k i. 
flg/L drinking water or risk per flg'm 3 :::ir hreatl1 :! ' , 
of the chemical in drinking water or air as~;wiated '''I , 

1,000,000. The rationale and me~hods used to d•''' ,, 
the Risk Assessment Guideline5 of 191\G ( FP A1 1·i··o ,\ :' ·· 

summaries developed since the publ1ca .ion of' G'. \ · 
Assessment (U.S. EPA, 1996) also : .. :ili/.c th•:'c C .I\. 

this IRIS file for information on l0ng-ttrm e'.t\:~''· •ill· 

_II.A. Evidence for Human Cardm:.gFJiHG,\ ,-

_II.A.1. Weight-of-Evidence Char;:cter!zc:,u uP 

Using criteria of the 1986 Gndelines 1cJr Carc;r'< '· n ' 
possible human carcinogen. fhis is has~cl r>n the i.n Hi ( ', 
naphthalene via the oral and inhalation ruute·'· aPd .! . · , 
inhalation route. 

:' m•c:~ i .. a human carcinogen, and quantitative 
J' ;1 • rt The quantitative risk estimates are 
·1 i··:din11 of a low-dose extrapolation procedure and 
'i'·mJtil ative estimate in terms of either risk per 

·•nu in which risk is presented is a concentration 
::r :·1~:,, )f 1 ir. 10,000, 1 in 100,000, or lin 
:", inogcnicity information in IRIS are described in 
'' c.nd in the :RIS Background Document. IRIS 

.. 'nt Pl"c'posed Guidelines for Carcinogen Risk 
' 1:r" u~dicated. Users are referred to Section I of 

· 1 .<rrcim:gcnicity. 

.; ::,~' nent, naphthalene is classified in Group C, a 
· 1 h.a of car::inogenicity in humans exposed to 
1:d ev:dcnce of carcinogenicity in animals via the 

Poing the 1996 Proposed Guideline~ for Car~iw·: ' ?'SH't :H, the human carcin•)gcnic potential of 
hthalene via the oral or inhalation routes 'c<Jnc~l,ll I .- t., .c "liJed" at this tirne based on human and animal 

data; however, there is suggestive evid·~nct· ( ('h' :· ., · ' ·l'i~ n rc;p'ntory tumors and one carcinoma in 
female mice only exposed to naphthalene by inh:li t :, ' I " : .f 1 ~c;:~a] i. Additional support includes increase in 
respiratory tumors associated with expmure to 1 -111 !hI ',,. h ll?J:::n,~. 

At the present time the mechanism wher:~by naJ>l-li· 11 .< ,,;;·c~·:e~: 1--crign res0iratory tract tumors are not fully 
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understood, but are hypothesi;:ed 10 mv(>i,·c· ox: .'.\'• :. 
450 monooxygenase system. Howner. ba,;·:d c 1 tiL q 1 
j!Pnotoxic mechanism appears un!Jkcly. 

• t 11 Pru'~cction Agency 

• c: ;.Je~abolite'> produced via the cytochrome P
' :-::1ti·.T r·~sults ·Jbtained in genotoxicty tests, a 

For more detail on Characterizatioa tt{ llimm.' and iJt. ,, II' 1p{1111f:', exit to t/!t;_trpc_ico/ggic_qLr!IY.i?_~_Section 
~(PDF). 

For more detail on Susceptible Populations, exir u; 1.•· · ·, 

_II.A.2. Human Carcinogeni :::ity Data 

•, h:· ''~en e~posure to naphthalene and cancer in 
·· 1 '''''urine a po:;sible association between 

Available data are inadequate to e,t;,b.isl! a cau ;;ti ,, , 

humans. Adequately scaled epidemic logical stuclic· 
naphthalene exposure and c&ncer '" ert not located () 
potential in exposed human populatiom .. 

,J • ' data are a·;ailable to evaluate the carcinogenic 

_II.A.3. Animal Carcinogenicity [lata 

Inhalation: In an NTP (1992a) cancer bio; ssay ... ,., 
(whole-body) to naphthalene(> 99% pure)\ apc•r:.: 1 ,, ~. 

ppm (150 mice/sex) 6 hr/day. 5 doy;:lwe<"k Cor 2 \·cars \ 
housed in each of 4 inhalation cham\·er~: =: d ,n·:,, ,. 

1. t!,_. a:·,d Lm:!le B6C3FI mice were exposed 
lttdL<X:.- ot'O (75 mice: sex), 10 (75 mice/sex), or 30 

· .. c:.·c housed five to a cage. There were 150 mice 
ftli the high-exposure level. A comprehensive 

h-(,<J:;c mice and on low-dose mice that died or 
;,; •ll c:•~pcsure. only the nasal cavity and lung 

,•'lin.,ii ncr,,,:.\ were designated for the 2-year 

histological examination was perfonned on all ( "111 

were sacrificed before 21 months of c:cpu,;urc .. \," 
were examined in the lo\\ -d(l_-;e gJ\)t p. In ctclJ ._ .~. , : 
studies; 5 animals per sex were clcsi;mated i'or iw,n li• 

However, because of high mortality m the ma 1e cCIL!t 

hematological evaluation was Cc'nductd. Jhc l''.l :r · ', 
snldy. 

' t< >: va:uatwns at 14 days and 3, 6, 12. and 18 mo. 

Statistically significant decreases in sunival ' er ' ' 
exposed groups. Exposed male mice Wf'I'C ob,c!·\ .:1 !(' 1

: ' 

less inclined to fight. Survival percentae:es at •he ,. 1 l · ,, I 

(118/133) for the 0, 10. and 30 prm nuJ, grm,~s 'r 
sacrificed at 14 days, mice that died 1.1ef:tre the~.', •:: .. ' , 1 

were lost during the study. Survi\al at:-! ~ •cds i 1 tt , 1 •• 

survival in the exposed grou;J~; survival r"~rcen <lf2d 

dose females. Body weights were not a:fccted h, ..:. ~ 

J·: (\CC Pext 1nragraph). only the 14-day 
i · te··i111 mice were incorporated into the 2-year 

w c·: trol ~nalc mice compared with the 
! ;r c:;:ncrs of the cages during exposure and were 
' .1u; "· ~rc 37% (25/70), 75% (52/69), and 89% 

':' ·· :i v::tl perce7ltages did not include mice 
1 ,_,;~ that were accidentally killed, or mice that 

'. m: ; ,JJ,cc (8•;"(,; 59/69) was comparable to 
I' , (:i-7.•(,5) ar d ·:e% (l 02/135) for low- and high

_·itk• .'~X. 

Statistically significant increases in i ncidcncc'~ Pt.,;. ,r , ! , , , · h k~ i11llS were found in the lung and nose of 
males and females at both exposure !eve b. Ob:-<:r 1' rl. ' '" · l.Jstic effects included the following (with 
respective incidences listed in the orcler o" co:itr:J .. ],, . ., : i :~;h-~~:posure groups): chrome inflammation of 
the lung (0170, 21/69, and 561135 f(x male·:: •(:J '' : 113:." fc'r [{:males); chronic int1ammation (0170, 
67/69, and 1331135 for males and I 'f19. (;);(JS <'Ji : , ! 1 e: ; de:;); metapla~.ia of t11e olfactory epithelium 
(0170, 66/69, and 1341135 for nalc~:-. Ql60. (·) ti5., I . 0 f.; ;::Ir-al::s); and hyperplasia of the respiratory 
epithelium in the nose (0170, 66/f'J. ,·nd : ~, l Tl i i , .. ,,', 15. <md 1:1 5/135 fJr females). 

The lung inflammation in the exposc:cl m:( ,, wa: d,· ' ' , ·o l~<J.;,,r,~· ot'"focal intra-alYeolar mixed 
inflammatory cell exudates and in'e·stit';d iibrr.,,- 1 " ,, ;,: <ll.ivdnced b;iOns consis~ed "primarily of large 
foamy macrophages, sometime~ ac•;rll:lp<11lteJ iJ:-. 1r. ': , _, , d gwr t ~~elL;" Foci of alveolar epithelial 
hyperplasia were noted to occur gencralJy in re;,'J•Ji1,; 1' in:i;unn:<lLon. 

A statistically significant increase in the incidcnc: n' , · t1 ·onchiolar adenomas was observed in the 30 
ppm group of females (28/135), but not in the I' 1 

: 'i'l' !· , ' ' ':<J)I. relative to the coatrol female group (5/69). 
Among females, an additional mo.Jsl: in th.; ~i J- 1lj·Jil t: •'" · ·.:iayed <•n alveolar/bronchiolar carcinoma. The 
· · ~orical combined incidence of alvcotar/Lronch ' ;.:r ''' -:I''·" iin<ium:inomas i:1 control B6C3Fl female 

.;e from NTP inhalation studies ~ovas c>tecl il; ;c;. f· <· · c. u. n;:e 0 12%,). I he authors commented that 
alveolar/bronchiolar adenomas and carcJJlom"~; c< -tl·- 1 : t : ." Jl.otogic contiuuum. The incidences of male 
mice with alveolar/bronchiolar an<?ncma.': wo:r,:: i. ; .i :,_., !35 ~or tr,e control, lG ppm, and 30 ppm 
groups, respectively; for combined :1dcn .l!Wls a• lC'. • , , , , ·· l, I c ;. vcolar/bronchiolar region, the respective 
incidences were 7170, 17/69. and .\ l · US .. A, :--taL: t icc1 - : .. Ll. adju;;kd fc•r intercurrent mortality (logistics 
regression analysis) determined thatth: tumor i1:cill:, ,, 'll'r'l cltlC ~x.pc·scd groups ofr1ale mice were 

http://www.epa.gov/cgi-bin/epaprinto;J1y.c ci 
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not significantly different (NTP. 1 992a). Histo~i, a iJ · 

carcinomas in control male 86C3Fl mice ft·(•m !•! , ; ·, 
J0%-30%). The adenomas were described a~ '!•;:·;:;~' 

!rentiated epithelial cells," vvhcrcas tf>e c~rcil:o· r. 
'stnaller, more anaplastic, cells which ~on ctimc> ~ ,: · 

Hemangiosarcomas occurred at varioth 'it::s wit 11 : 

(5/135), but not within the oth<:r group~ of k,n;. !. 
respectively). The high-do·'e female iJc.;:j,·:l~·:· 1.: 

control incidence and was within th:.: r ·; : c J I i · 
0-8%; overall incidence: 17 467 or .i H' : ''i(l · 
tissue sites in exposed n1ale or fcn1cd\~ litir~:~~ Ci~-: ~" 

Adkins et al. (1986) exposed groupti uf J\) femJk:.. . 1 
naphthalene (98%-99% pure) vapcl~~. (J tllld;; )' ' ·. · . 
lungs were examined for tumors. runurs wc·t, · :1!1•,!· 
noncancer histopathological effects th.t< ueir ·"'·'.: 1 : 

between the exposed and control group.,. Lu:- g um: ::. 
intraperitoneal injections of I g ur:thai)c 1kg; ue 1 '' 

28.9. Increased numbers <'flung tumor:· v\ctc ;; ,, 11 
control group, but the differences were rot c-t<>ti;:: : .. 
groups). Tumors were described <ts :li1 . ,;dr ;;de'' i 

supported by a sparse fibroblastic ·'·"··Jn; 1 ar;d :J · 

formations." No carcinomas were l~llnd. \;.:tiJh hi ;·· 
animals with tumors (21 °·'0, 29'%, wd 3ft''•,, for (1• i . 1 : 

increases in the number of adenor1as 1~1 tr n:' ·. k , · 
no increase in response with inc:·easing , I 1se t\ 1 

•': 

parentheses) were: 1.00 (0.00), 1 ::'.5 (0.07). ::rr: I 
Applicability of this study to the "·;ses:: 11 :·nt c• 1' ,. '1 

exposure and observation periods. ·md llt•: li:nit:' li 
'ing that only 6 months of exp·l'llH' u,L'S<~-' · t 1 '·.t 

, ... ,nor-bearing lung in the expn~cd ;cro,F; cot' ·•1 ··: ·· 
provides further suggestive evidence· thc.111<1J1 11!1·: 

Oral: Schmahl (1955) reponed tliat n;,l c! 1kr. 
(in-house strains BDI and DDIT). Nc.;Jh ::t'e,"· ! ut 
puriss. cryst. alcoh. depur. r.'i493~]') w:' chc \) 
spectrum ofthe test material displayed n:• ;tvpH ! ·, 

suggesting high purity. The dailv do.,c v-:.s r:~p. 
regarding dose variation were nol pr·l'i.lkc! .. '\ ,. , 
weights were not reported), treatnk:tt ·-v21 st,>':;i · _, ' 
until spontaneous death, betwen 7C0 w,c 1 8():: ,L ' 
body weight of 0.36 kg (U.S. FP /,. ! 9?. ~ 7 11. r' i" · 
average daily dose of42 mg/kg is calc~at<·d. ',. 1 • 

appeared unusual were examine·d i1i·:to1 :'giz:•li:· r · 

examined). The number of rat' in th:' cn,Jtrnl ,~n, 1 , 

reported to be similar. Reported P::s•.'l t' ··.·o1n 1 h · ' · 
statement that no toxic effects were ·tei i. i.KJU<' 1 • 

design (e.g., only one dose kvel vv:Js achni,-i,te-T•.' 11 .. 

hematological endpoints were nN evalu::te J. ar:c , , · 
being examined) and inadeqcacies ·.n ·er•,rtilW ,,r · , · 
can be drawn from this study regarding c:1tlwr''1 . :·· 
This study is considered inadequ:if~· 11s 1 can::t'· ! ,; 
likelihood that the maximum tokrnt.:d ch;c :,:1 · ' • 1 

Other Routes of Administration~ '·ch1·,~ ·il~' (I 
subcutaneous or intraperitonea: in cc1iw lkl "\ 

)Ups of 10 rats were given either :;•lb,·t.:•.<Lw. ·· 
'"'~c;.g/rat per injection) starting at I 00 :z, '''a.''' 

Rats were maintained until sponte ,,,_ .. -,L~·. d,';,th,' 
with subcutaneous or intraperitoneci 1. l'n~·C''·· r··s: lc' 

organs which appeared unu.m'll weF: <'x::::ci:-n: h , 
examined, if any). The author reported thl: '•C i ·' 

naphthalene. No tumors cievelo!=t:d i,, ;;i tc~;· gr ·'P " 

http://www.epa.gov/cgi-biniep:!p•·inoni' ·' Li 

1t '' i"oc.~ction Agency 

··or nmtind alveolar/bronchiolar adenomas and 
. n stL:cltes \\as cited as 94/478 (19.7%, range 

1· • ;iv .: nodt:lar masses consisting of cords ofwell-
"i;pc.-;ed of ribbons and/or coalescing sheets of 

lci}J;·ent parenchyma.' 

:,F <:;l:icthdium m five high-dose female mice 
'I:: :1 h.~ hr control and 10 ppm females, 

i:cantly different from the concutTent 
i .. 1(,( nc~:,; from NTP inhalation studies (range: 
:, • ~.: :1 :c1 len•.:c-; of tumors were found at other 

· ·tc;~ \f•lo g weeks old) to 0, 10, or 30 ppm 
1, r, Ir,o. After the 6-mc expCJsure period, excised 

, :l~·~-~ically. The wthors did not describe any 
') l ,, , e revealed. Surviv<d was not different 
-, nd ,;1 all 20 positive control mice given single 

>f .:n .xs per mouse in tl·,e positive control was 
, ·,i·.·i. 1i:::n.:-cxposcd g~oups compared with the 
• .·: 11· ::1, I 0, and l l for tbc 0, 10, and 30 ppm 

•i · ':arge cu~1oidal or colucmar pithelial cells 
: .· : ·;lied tc::Br structures wit.h papillary 

,., :·c d ::1 nnt significantly increase the percentage of 
.1 nlt ,ni·:e, r,:,;pectively). Statistically significant 

· :. ::: :1hser.red in the expcsed mice, but there was 
.1· 1 1 ,,~ -:>rs p~r tumor-bearing lung (sd noted in 
I c', ! 

1
• anCl 30 prm J1ltCe, reSpectively. 

· :x •.:.~nre is limirr;cl d•Je to the less-than-lifetime 
· :1.ivt ''"amining only the lung. Nevertheless, the 
' '· ''i•:ant nv:rea~ed mtmbers of lung tumors per 
, .. , ~·~',,;-the "--ll (I 992a) mome bioassay, 

' · .:rt.:1r•genic re~pon:'e in the mouse lung. 

. ·n l ::li J tv c • a use cancer in a group of 28 rats 
f<: r:L Cu. <md described as "Naphthalene 

1 ' i, :~; G tir,: c~lweck in food. The absorption 
w.-J ,•·ith :Jubl:shed data for mphthalene, 

·I·, c ::n '0 ; nd ::w mg, but further details 
I l 

1 \ose () j' 10 f'• j";~( ( !'00d iPtlke and body 
• u;-erimental ::ud animals were observed 

.. •r i r o;, an :o veragz dai / cc·~e of 15 mg/rat and a 
·, ht f ~·- mc,lc Fi•,c.'Jf'r 144 rat~). an estimated 
':1i ··· ll;xl on ccad aninwb, and organs that 

·1' :<'' ·1.:ci.''y which )rgans we~~ histologically 
·' .JJI'eJ; :m ·viva' for control anc' exposed rats was 

r : ; ' , • '''.'en 1 examinations were restricted to the 
r ' ··d t;~mcm lradequacies in experimental 
r! e '"t' ical ~~xamination was not complete, 

• c·d 1·; lrmg 1s 11)0 days be;•ond exposure before 
· r i c :~ai!s a1~d results limit •he conclusions that 

·,·,tv 11 .. non··arcinogen;,; toxicity of naphthalene. 
:r· cd· :eporting · qrj df'sigr inadequacies and the 

.. <m: rrnached. 

:I ' :·Ir !·,alene ·peated1y <.<.dministered by 
' . n '' ;s (in-hoc:sc st··ain~: BD! and BDlii). 

1 ·• 1 ': \\ ·~ekly injtstions of naphthalene in oil (20 
' " ! · -10 weeks • the total doses were 820 mg/rat). 

p;; · v .·ro~ repc:·ed to be 70C· or 900 days for rats 
· ,,·,::r ·' w·~re pc::-L·rmed on dead animals, and 

' · .qxrt die' :Jot spec1fy \\:hich organs were 
·:t· i'·mnd \\ith rarcnteral c'dministration of 

1 ~,f.' ··~wlion O•l con•,·oJ rats was restricted to the 
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Naphthalene (CASRN 91-2C-3 ), IRIS. ::::,,·. 

statement that lifespan for exposr~d rP.t.~ 11·as ,,iJYJ;h 
doses and 900 days with intraperitone<tl dose~;). 

and et al. (1964) implanted r.aphthalene int;· ··· 1• 

attt::r 30 weeks in an effort to deten~1ill<? the :mil:i~ 
testing. The original number of mice implnnlt'd I' i ' 

to have survived 30 weeks. One mouse de\ eJO:~c·, 
were found. Tumor incidence was as !ov: as w::·~'· 
implantation of cholesterol (12%). Thee are li111 r~ 

bioassay including the short expo,:w-c :md ob,::?r' ' ·r"~ 

Coal tar-derived naphthalene tha: contained <tpp .·. n 
carcinogenicity by Knake (1956). \\'bite rats (-'tl ... 

0 or 500 mg/kg naphthalene in sesame ,Jil at.:- '::c : 

four of38 naphthalene rats and 32 1:\S c•1ntro' r ,;,. :: 
reduced in the naphthalene-expu;cd :·at:· comp<::· 
period. Survival incidences at 6. l l. ar cl 17 11 , 1 : · 

naphthalene-exposed rats and 17 r '· 2. L' .3:?. ~· •: -
(14.7%) exposed rats during the l <-rnc1· 1h ob: ... , ,., 
fibrosarcoma. Vehicle comro1s slH•'\cd , fi'~·;, ' • 
with mammary fibrosarcoma). Mi•:c (.:'5. in!-r··,' · 
days/week for life; 21 control mic·~ "'err. pain'd 
lymphomatic leukemia. three had !t:ng :denon1:• , .. 
(9/25 with tumors). In tl1e benzene conruls, •:n: '· 
non-specified tumor (3/21 witl1 t•1F·XS). The·c: · 1: 

the presence of unknown impuritie~: tbt ma) iF\ •:: 

the mouse study has been shown t·) c;u·,e leL•h 1j · 

study was painted, prior to injecti0,·:. '-'··;th ca''' ,! 1: · :. 

LaVoie et al. (1988) gave intrape;itnn,ll na~l.'; · 
1e to male and female newbc·rn CD 1 n1.tl'c: .. 

Ih.¢thalene). The report did not 3pccify th·~ pL'.,·i: · 
naphthalene and 46 control pups were t1catd ., i 
mice/cage) until moribund or unti~ 52 \'c<:eks ·,I (' 
sections from all mice were exam .T"d hi·.;toloc·i· · < 
tumors (adenomas or hepatomas) vY(~,; f'm:.nd !· 1 1 
with liver tumors were (deJK'minator: are fo, ·h. 
for exposed females and males, :nd CV2 i &nc1 .~r · :, 
inadequate to assess the carcinoh:emc:i:) \Jf lik•; ,.,., 
weeks) and observation period (S! \H~~·:(·:) w '~'' · 
years), and complete histological cx:1m'.natio't' · 

_II.A.4. Supporting Data fer '.>1rc:r c~, 

The genotoxic potential of naphtha1cnc ;la~ bt 1;t1 • · 

negative results. Naphthalene was nut muta)2<·:u.. 11 , 

oflivermetabolicpreparations(E:·~dC~:., l9·;f: .. , 
McCann et al., 1975; Nakamura et i<l.. 1 ·/87; N< ru<. 
Naphthalene did not damage DNA (as a:-;saycu 1. 

(Mersch-Sundermann eta!., 199.i ). 

NTP (1992a) found that naphtha,,~ne induced .n <.'illll 
exchanges within a concentration range of 2'7 ;,) •J: 

and chromosomal aberrations wi tlun a rar,ge , , l : .. ! , ' ' 

Naphthalene was mutagen:c in the :11m·ine bac~cr :: 
JJ ·wphila melanogaster wing somatic mut::1iir1n ,,r,,; 
,,, .. .Ire of mouse embryos in ruedium contamin> ,, 
chromosomal damage compared l·J untrc·ated ..:c;. · t • 

the inclusion of a hepatic metabol t( acti,•atwr ~ 1 ,,, . 

Incubation of human peripheral ]vmd,<>cyt;::- :p 

http://www.epa.gov/cgi-bin'i::-:p:·printoJL \ .... 

1 l'id~cction Agency 

!(,· :~c·ntrol rau (700 d:'lys wirh subcutaneous 

! , ,,. >1cck Chester Beatty mice and examined them 
1--r.lr~l ,, as a pote~:tial 'Chicle for carcinogenicity 

, r .. ·' .... ,-,~ not reponed, hut 23 mice were reported 
:!l· 1: •'ln:t ( l/23; 4%); no adenomas or papillomas 

' " t· u·:ed (2-4%), and lower than with the 
h , : t. , ly that mal:c it an inadequz.te lifetime cancer 

' r:d the lack or untreated controls. 

• 11 · icJe:1tifie·:l imnurities was tested for 
,:d ;vcrc gi'/W S•:?ven 'Ubcutaneous injections of 
" : · cin approximate 3 5-month period. Thirty-
i' ,, .. ~\ion ~eriod. Survival was somewhat 

I· : :- ontrol ::at~ during the following 18-month 
:!•r;n period wcL 2~ 34. G/34. and 0/34 for the 

•l ·.r· .J :·,Jts. LympLoswccmns were found in 5/34 
: • ·: 1. :, ··o~ed ra1 ~hov. ed a mammaty 

.> 'qr~( ··s (o'1e ·\·ith lymphosarcoma and one 
1 ' : v ith 0.5'\, naphtlnle:1e in benzene 5 

:! · l ·.?. Four treated mice developed 
•::'1••·:arl'oma, and one had a non-specified tumor 

' ··( ,, .. ·.c:. nne hc.c' lt•ng adenoma, and one had a 
'.:'

1 '(>r the 3;;~es5~.1ent of carcinogenicity due to 
· .: t·:·opertic:>. Moreover, the vehicle (benzene) in 
:nH' r'!dems, and the site of injection in the rat 

~, , , IT·": c? r:::Inc,gen. 

:1 li:·:tJhylsulfoxicc) JfO.::s. 0.50, and 1.0 
,\.l '5 .J" life (to; c.~ cim.f: ~ .. '.~'5 ~mole 

· l J' ,., : :ened. F ~~rty-Hin•c pup;. were treated with 
. i : .. e t!onc r,:i,:e were maintained (10 

· r: ::ill :d. All ~:~ro~s lesion' as well as liver 
'' ·: sJgrtifio .. -.t increased incidence ofliver 
f~c:J·lrtcd incirle:1ccs for thf' number of mice 

· · ,.,,,, :.ivcd ~·· leJst (i ucnths): 0/16 and2/31 
· Ji '·:· 1 f;cm<Jc::. and male~ Thi.~ assay is 
: : : ;•hthakne because the exposure period (2 
: ; : 1 h m the lifetim o- frr mice (approximately 2 

r i· 1c :c,:. 

; · . , te · t ''Yi-ierm .. :\!lost stu die~ provided 
. :,;i,/n<w'ium a~:says in the pn:sence or absence 
:' •• .>: :'Iorin trl ::~L 1980; Godek eta!., 1985; 

;l!P. ]l;92a,Sakaietal., 1985). 
·.lie SC:)-rq:;:ir syskmJ in E. coli PQ37 

i · t··:l hamster ovary cells. sister chromatid 
11 h·:· , l:Tsence or 2 hsence of metabolic activation, 

u I. , !y in the pre;:enc:e of metabolic activation. 

', .. i(;\rfstenecaL 1994}andinthe 
.il'il II• 1 kst (Del~adr:!-Rodriguez et aL, 1995). 

",f tl·: :eLe produced a hi·foldtrcrcase in 
·c, .~ r·~s:Jonse to naphthalene was amplified by 

T 11 ('.''Tol!ahon d a;'" I 990 ). 

· i:1i· '' uph'i':::k:1e and a hunan liver metabolic 
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Naphthalene (CASRN 91-20-·3).1RIS. F•·, 

activation system did not produu: i m.: rnsed 1 i" <1 ·" 

(Tingle et al., 1993: Wilson et al. l UCJ') Nap] II : ! 
rl'lt hepatocytes (Barfknecht eta!.. l 9~:' ·; c·r in·:n:: · · 

wing intraperitoneal injection <d smglc >' 
lfi:if)htha1ene as high as 500 mg/kg chd n lt .ncrc :··· 
mice compared with untreated conlr•.•l •1:icc .:lJ;.,-. 
transformations of Fischer rat .::mhl~<O cells (hl·: ·· n 
1974). Sina et al. (1983) reported tln•, ;1c.nhth::J, • 
hepatocytes as detected by alkaline ,iiluc~on 

Naphthalene metabolites 1-naphtho' "lncl2-··l:lJ>) 1 

metabolic activation (Florin et al., , 9iV: McC1'1 
naphthalene metabolite, naphti10Jtth.Jon::. wa:: J;• .. , 

without metabolic activation (Sak<J i d ?l .. ]9:-:' ~ : · ' 
1,2-dione was mutagenic in strain-.; cf. :. (';pf.i,,,,f, ,, 
metabolite, 1-naphthol, failed to pwc<w:: Jmir:,, 
sex- linked recessive lethalmutatic>r:~ i1: Dm I• '! 1.:: 

L5178Y cells (Amacher and Turn••·. 19f'2) . .1:> '. · · 
and Hill, 1980), and induction of ui·: n'nucki : . ! ' 
(Hossack and Richardson. 1977) :::fL' · •. 1t.: i ': 

Tsuda et al. (1980) found no evidence fer nec"~J>I •. 
F344 rats (sex not specified 1 treated v.·idt si 1.k. 
with a group of 10 vehicle control1::t:- Rm~: \c · 
partial hepatectomy, but before c1 :< 1:Ji:, :r..:z:tuc. ' ·. 
and a necrotizing agent (carbon tcrr:ddc•ridt . 
dietary treatments of exposed ac c .:, . 1 t · J 1 ra i :; · · 

contrast to naphthalene. a "ingle :;_1\ :t6. ~ks, · 
number, area, and size of gaJmr..1- o:,·. li:~ 1y t < 

_II.B. Quantitative Estimate cf r.:::m;i•·1r cu-~ 
Exposure 

An oral slope factor for naphthal::ne ,us not c:v ~ ., ! 

_II.C. Quantitative Estimate u< C;;r.·:inO;Jf·' 

An inhalation unit risk estim:.11e f,;r •t.:,,J (iaki, 

(observations ofpredorninaPI be 1i~~-~ t :·'p1ra~·-·r 
carcinogenic in humans. 

_II.D. EPA Documentation, Rev\olfv, and 1>··' \< 

'' _II.D.1. EPA Documentation 

Source Document-- U.S. EPA, l 'iS'!; 

This assessment was peer reviewed by •.'xtern :. ~- ., · 

http://www.epa.gov/cgi-bintcpaprirto';i'" . .-:, 

d F, otecticn Agency 

·· • I · .1rnatid exch:wge:· compared with controls 
ir. J,D: unscheduled DNA synthesis in cultured 
,,· uicronuclei in bone marrow cells of mice 
; 'Y,! ,;tal. 191\S). Single ,mtl doses of 
. ' ··n: icrcmucJ ,;ated ,:rythrocytes in exposed 
· · 1p 1tLal~1W did not induce in vitro 
1 • ' :· ~:w ss n•nuse embryo cells (Rhim et al., 

. 1.( e-strand Dl\fA breaks in cultured rat 

;ul•c,:nic :r S. 'vphim''l·ium, with or without 
i\1 .. ·bonne r~t al., 19871. Another proposed 
1 , , , 'ml ~:L·ains rn' S. ·;pizimurium with or 

1 : ;, i y et al. ( 19c.t) :TJ:dted that naphthalene
', :' l·olic activatiut. ~-he 1aphthalene 
, ·:' 1 :tther gencncxi::ity as.~a:;s including tests for 

'I :(:; d:e et ;Jl., 1 c,~, l ). mutc:tions in mouse 
ic ·is i:1 cultured ra1 hcpatocytes (Probst 
,}f ,nice (C! 1cke ct nl., 19R I) and rats 

· li il of liver •:ell-: in a group of 10 young adult 
~() mg/k-; 1<.;~:·,tha 1 cl•c in com oil compared 

d1 •.·.C> cf ";;aphlhalcnt· Ot' \'ehicJe following 
l; "c!ifc ·ation, g:n· ~2 .1:~:ylaminofluorene) 
· .. ,.-;pept:c\as..: fcc: ;:'b'-~rvcd following the 

i ·,·,. :tt.0r nL1e·~pb:-t 1 c trr..:~fom1ation. In 
·:>[ :; DTenc indt:.c:cd ·:;g,1:'i:ant increases in the 

>I,, L·.k of chro.;·: J;·"~ :1aphthalene studies. 

·; hhataUon Exposure 

, ' . m.e ,Jf 1 he \\"e;'(Lncs:; of the evidence 
Li:rh c .Jsc: on 1:.>) that ~~aphflalene may be 

;j·,~l :10genicity Assesl>ment) 

·: 'r, rnents have b~en evaluated carefully and 
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Naphthalene (CASRN 91--20-.J ), IRIS. Fi'· .. 

incorporated in finalization of thi:; IRIS sumnwn. 
the Toxicological Review ofNapl·,i]J;J!-Jle in' J' >L< · 

IPformation System (IRIS) (U.S. EP.\. 1 c;lJR) f,; 

'!ndix A, SummarrJJ.f.q_IYf_!{t:_.'J.I_!W'•~'Jn_j~u.::• 

_11.0.2. EPA Review (Cardnoge:1icity .. :L_•::. 

Agency Consensus Date - 07/0 I:]()()}\ 

_11.0.3. EPA Contacts (Care 

Please contact the IRIS Hotline fot· n .~ : .u;:::ti-: · • · · · 
1676 (phone), (202)560-1749 (f;n nr' •tk · 

_Ill. [reserved] 
_IV. [reserved] 
_v. [reserved] 
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