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The oral Reference Dose (RfD) is based on the assumptiion that thresholds exist for certain toxic effects such as
cellular necrosis. It is expressed in units of mg/kg-day. In general. the RfD is an estimate (with uncertainty
spanning perhaps an order of magnitude) of a daily exposure to the human population (including sensitive

¢ -oups) that is likely to be without an appreciable risk of celeterious effects during a lifetime. Please refer
té.iie Background Document for an elaboration of these concepts. RfDs can also be derived for the
noncarcinogenic health effects of substances that are also carcinogens. Therefore, it is essential to refer to other
sources of information concerning the carcinogenicity of 1his substance. If the U.S. EPA has evaluated this
substance for potential human carcinogenicity, a summary of that evaluation will be contained in Section II of
this file.

__LA.1. Oral RfD Summary

Critical Effect Exparimental Doses” UF MF RfD
Decreased mean terminal body NOAEL: 100 mg/kg-day: 3000 1 2E-2
weight in males 71 mg/kg-day (adjustad) mg/kg-day
Subchronic oral rat study LOAEL: 200 mg/kg-day-:

142 mg/kg-day (adjustad)
BCL, 1980a

*Conversion Factors and Assumptions -- MW = 128.19, Duraticn adjustment (5/7) of the doses (100, 200
mg/kg-day) arrived at a critical NOAEL/LOAEL pair ¢f 71 and 143 mg/kg-day for decreased mean terminal
body weight in male rats.

__LA.2. Principal and Supporting Studies (Oral 2)

Battelle's Columbus Laboratories (BCL). (1980a) Unpubii<hed subchronic toxicity study: Naphthalene
f'904), Fischer 344 rats. Prepared by Battelle i_aboratc ries under NTP Subcontract No. 76-34-106002.

Naphthalene (> 99% pure) in corm o0il was administered by gavage to groups of 10 male and 10 female Fischer
344 rats at dose levels of 0, 25, 50, 100, 200, or 400 mg/kg (duration-adjusted 0, 17.9, 35.7, 71.4, 142.9, and
285.7 mg/kg-day), 5 days/week for 13 weeks (BCI.. 19&2a). Measured parameters included food consumption
and body weight weekly, twice-daily observaticn for ciinical signs 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 hemoglobin conzentration), necropsy of all rats in the study, and
complete histopathological examination of 27 orgass and tissues (including the eyes, lungs, stomach, liver,
kidney, reproductive organs, thymus, and kidney) from il control and 400-mg/kg rats. Male kidneys and
female thymuses from the 200-mg/kg group were also 2xzmined histopathologically (according to the
histopathology tables; however, the report text states itat ‘e 100-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 of both sexes displayed
diarrhea, lethargy, hunched posture, and rough coats at intermittent intervals throughout the study (BCL,
1980a). Food consumption was not affected by exposurc. bat 1azan decreases in terminal body weight greater
than 10% compared with control values were found in soveral groups of exposed rats (over the 13-week
period); namely, 23% depression in females at 400 mg i<z and 2 29% and 12% depression in males at 400 and
200 mg/kg-day, respectively. Differences between m=ar vilues of hematological parameters in exposed groups
and control groups were < 10% of control values, excep: fir 2 94% increuse in numbers of mature neutrophils
and a 25.1% decrease in numbers of lymphocytes i 11ait: « 0C-mg/ke rats and a 37.2% increase in mature
neutrophils in 400-mg/kg females. Histological examirati ns revealed low incidences of lesions in exposed
male kidneys and exposed female thymuses; no lesion: w. re nbservad in respective control kidneys or
thymuses. Lesions such as focal cortical lvmphocytic infi” ration or focal tubular regeneration were observed in
kidneys of 2/10 male rats exposed to 200 mg/kg naphthalene. and diffuse renal tubular degeneration occurred
in 1/10 male rats exposed to 400 mg/kg naphthalene. Other lesions include lymphoid depletion of the thymus,

*h occurred in 2/10 females exposed to 400 mg/kg naphthalene. but not in any other females. No other
w..4€ lesions were detected. Decreased body weight was the most sensitive effect noted in this study and was
identified as the most appropriate critical effect for *he 1 arposes of RfD derivation. Mean terminal body weight
decreases greater than 10% compared with control values were found in male rats following a 90-day gavage
exposure to 200 mg/kg-day (LOAFL). The NOAEL for a > 10% decrease in body weight in this study was 100
mg/kg-day (71 mg/kg-day duration-adjusted).
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Shopp, GM; White, KL, Jr.; Holsapple, MP; et al. (1984) Naphthalene toxicity in CD-1 mice: general
toxicology and immunotoxicology. Fundam App! Toxicol 4(3 pt 1):406-419.

._ps of male and female albino CD-1 mice (approximately 6 weeks old at the start) were administered
gavage doses of 0, 5.3, 53, or 133 mg/kg naphthaiene (99.3%. pure) in corn oil for 90 consecutive days (Shopp
et al., 1984). A naive control group and the 5.3- and 53-mg kg dose groups each contained 76 male mice and
40 female mice. The vehicle control group contained 112 male mice and 76 female mice. The high-dose group
contained 96 male mice and 60 femaie mice. Significant chemical-related decreases in terminal body weights
or survival were not observed in either sex. No significant :lterations in absolute or relative organ weights
occurred in exposed male mice. Significant decreases in asuolute weights of brain, liver, and spleen and
relative weight of spleen occurred in high-dose females; hrwever. organ-to-body weight ratios were
significantly different only for the spleen. Histopathological examination of organs was not conducted, but the
authors noted that cataracts were not formed in exposed mice {methods used to assess the presence of cataracts
were not specified). Examination of hematological peraneters (including numbers of leukocytes, erythrocytes,
and platelets and determination of hematccrit and hemoziobin) at termination revealed only slight, but
statistically significant, increases in hemoglobin in high-dnse females only; however, the hematological data
were not shown in the report. Chemical analysis of serum showed statistically significant decreased blood urea
nitrogen in all exposed female groups, and increased serun ¢lobulin and protein in the two highest female dose
groups. In the same study, no exposure-related responses were found in a battery of immunological assays
(humoral immune response, lymphocyte responsiveness, delaved-tvpe hypersensitivity response, popliteal
lymph node response, and bone marrow function); immunotoxic responses were observed in positive controls
given intraperitoneal injections of 50 mg/kg cyclophosphamide on days 87, 88, 89, and 90. The study
identified a LOAEL of 133 mg/kg-day and a NOAEL of 53 mg/kg-day with significant decreases in absolute
weight of brain, liver, and spleen and relative weight of spleen in high-dose females. Therefore, the LOAEL of
133 mg/kg-day is based on the observed organ effects. especially the dec-ease in the relative weight of the
spleen along with the suggestive evidence for effects on he ratic enzyme function. The toxicological
significance of the statistically significant alterations in hematological and serum chemical parameters is not
clear.

The use of the BCL (1980a) study in deriving the RfD wax b2sad on the following reasons:

Tie verification of the chemical dose, animal maintenance. and study design (10 rats/sex/dose group for 5 dose
groups and 1 control group) are consistent with GLF guidelincs submitted for 90-day studies, unlike the Shopp
et al. (1984) study, in which the numbers of animals actualy ¢valuated compared to those exposed for most
endpoints (organ weights, clinical chemistry, and immunological ‘esling) were small.

The decrease in mean terminal body weight in the BCL (1580a) study wes not a result of decreased food
consumption and was accompanied by clinical signs (diacrhes, lethargy, and rough coats) consistent with sick
animals.

Decreases in mean terminal body weight of at least 10% were observed in fernales and males in the case of the
BCL (1980a) study, unlike the Shopp et al. (1984} study, -1 which no significant changes in body weight were
reported at any dose level.

The statistically significant alterations (p < 0.05) observed in the absolute (brain, liver, and spleen) and relative
weight (spleen) of some organs in the absence cf any deurease in body weight (Shopp et al., 1984) is not
consistent with the absence of lesions and the leck of sign “cant alterations in the clinical chemistry data,
hematology, mixed-function oxidase activity, or the immurotoxicity assays for either sex.

Although the gross and histopathological examiration was limited to the control and high-dose group in the
BCL (1980a) study, renal lesions of low incidence were observed in the kidneys (focal cortical lymphocytic
infiltration, focal and diffuse tubular regeneration) and thymaus (lymphoid depletion) in males and females,
respectively, at 100 mg/kg (71 mg/kg-day), unlike the Shopp et al. (1984) study, in which gross necropsy (no
histopathological examination of tissues) on a randomly s ie ‘ted number of animals revealed no lesions.

1. A.3. Uncertainty and Modifying Factors {Ora! R{l%)

e = 3000.

The duration-adjusted NOAEL for terminal body weight decrease (> 10% of control) in male rats from the
BCL (1980a) 90-day gavage study. 71 mg/kg-day, was div.ded by an uncertainty factor of 3000 (10 to
extrapolate from rats to humans, 10 to protect sensitive humans. 10 to extrapolate from subchronic to chronic

http://www.epa.gov/cgi-bin/epaprintorly.cgi 1/13/2004
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exposure, and 3 for database deficiencies including the lack of chronic oral exposure studies and 2-generation
reproductive toxicity studies) to arrive at a chronic RfD i~ naphthalene of 2E-2 mg/kg-day.

=1
__LA.4. Additional Studies/Comments {Ors! R}

In deriving the RfD additional studizss were evaiuated for a variety of critical effects. Nervous system
depression in pregnant rats (NTP, 1991) occurring at a lewer dose (50 mg/kg-day), was judged to be
nonadverse, because the effect was considered to be transisut ‘n nature. Data from studies of mice exposed
acutely to injections of naphthalene, or 1- or 2-methymeph halene (Buckpitt and Franklin, 1989), or
chronically to 1- or 2-methylnaphthalene in the diet (Murata et al., 1993, 1997) provide suggestive evidence
that chronic oral exposure to naphthalene at low doses ma produce lung injury. However, deriving an RfD for
naphthalene based on the methylnaphthalene data was judued (o be too uncertain, because of metabolic
differences between naphthalene and methylnaphihalenes an 1 the absence of lung injury in subchronic oral
studies in rats (BCL, 1980a) and mice with naphthalene (1:12. . 1980b: Shopp et al., 1984).

A benchmark dose (BMD) approach to modeling the male tal body weight data fits mathematical models for a
continuous variable to the data using maximum likelihond methods (see Appendix B to the Toxicological
Review of Naphthalene, "Benchmark Dnse Calouistions™). in this approach, maximum likelihood estimates
(MLESs) of dose (with no duration adjustiment) associated « ith 3 10% decrease in mean body weight compared
with nonexposure conditions were 171 and 172 rug'kg-diy 2sing 2 pelynomial and power model, respectively;
respective 95% confidence lower limits on thesc doses. taker as BMDs, were 130 and 135 mg/kg-day.
Assuming that either of these BMDs are surrogates for NCAFLs, as suggested by the analysis of
developmental toxicity data by Allen et al. (19944 b) an! e« ock et al. (1995), making duration adjustments
(BMD x 5/7) and applying the same 3000 uncertuinty {ac ot used for the NOAEL/LLOAEL approach arrives at
a prospective RfD for naphthalene, 3E-2 mg/kg-day, that -« comparable to the RfD derived with the
NOAEL/LOAEL approach.

r

~hmark dose approaches to deriving a chronic RiD {or naphthalene were also examined using data for
re-...crnal body weight decreases in the NTP (1991 rat dovelopmental toxicity study and data for lung
proteinosis in mice exposed for 81 weeks to l-m=tiylnapl tia’zve in the diet (Murata et al., 1993). Decreased
maternal body weight was not selected as the basis of zare ic R{D derivation because the pregnant rats were
exposed for only a small percentage of their lives. As disssed earlier, deriving the naphthalene RfD based on
1-methylnaphthalene data was judged to be too wncertais because of metabolic differences between
naphthalene and methylnaphthalenes and the absence ¢f ‘uag injury in rats and mice orally exposed to
naphthalene for subchronic periods.

The benchmark methodology for naphthalene is centainec within an appendix of the Toxicological Review for
the readers’ information, however it was decided 10 use th= LOAEL/NOAFEL approach rather than the
benchmark approach in the derivation of the R{D/RC.

For more detail on Susceptible Populations, exit to the to.cicalogical review, Section 4.7 (PDF).
__LA.5. Confidence in the Orai RfD

Study -- High
Database -- Low
RfD -- Low

The principal study was given a high confidence “ating becausz adequate numbers of animals were included
and experimental protocols were adequately desigried, conducted, and reported. Confidence in the database
was rated low because of the lack of adequate chronic oral de*a for naphthalene; the lack of any dose-response
data for naphthalene-induced hemolytic anemia, probabiv cte of the most well-known health Hazards to
humans exposed to naphthalene; and the lack of two-gere s tinn reproductive toxicity studies. Humans exposed
=" inhalation, combined inhalation and dermal expasure. = 24 sambined inhalation and oral exposure have

%, .-loped hemolytic anemia. Hemolytic anemia is charac:orized by findings of lowered hemoglobin,
hematocrit, and erythrocyte values. elevated reticul>cvte ¢ uats, Heinz bodies, elevated serum bilirubin, and
fragmentation of erythrocytes. In severe cases, the hem.'viiz sneriia was accompanied by jaundice, high
serum levels of bilirubin, cyanosis. and kernicterus wit1 pionounced neurological signs. Neither oral nor
inhalation exposure levels were available in human studie- revorting anemia (Melzer-Lange and Walsh-Kelly,
1989; Owa, 1989; Owa et al., 1993). Infants deficient in (:5PDH are thought to be especially sensitive to

http://www.epa.gov/cgi-bin/epaprintonly.cgi 1/13/2004
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naphthalene-induced hemolytic anemia. Resulting confide v in the RID is low. A quantitative comparison of
the acute dog study (7 days at 262 mg/kg-day:; tree -standig ".OAEL of 262 mg/kg-day based hemolytic
apemia) with the RfD (chronic oral rat study based ont de¢ree e in mean terminal body weight) to determine

~ her the RfD is protective of hemolytic anensiz in hu nans is not possible since adequate dose-response
d#ia in a subchronic or chronic dog study arz lacking. TV _-fere, because of the absence of an appropriate
animal model one cannot extrapolate either qualitat-vely o quantitatively to humans with respects to hemolytic
anemia.

For more detail on Characterization of Hazard and Buse Rosponse, exit to the toxicological review, Section
6 (PDF).

__LA.6. EPA Documentation and Review of the Oal RID
Source Document -- U.S. EPA, 1998

This assessment was peer reviewed by external scientist:  Their commnents have been evaluated carefully and
incorporated in finalization of this IRIS summary. A record of these comments is included in an appendix to
the Toxicological Review of Naphthalene in support ot Hunmary Infermation on the Integrated Risk
Information System (IRIS) (U.S. EPA, 1998). Ty review if s apoendix, exit to the toxicological review,
Appendix A, Summary of and Response to External Peer Rovigw Comments (PDF).

Other EPA Documentation -- U.S. EPA, 1980, 1886, 19377 1988
Agency Consensus Date - 07/01/98
__LLA.7. EPA Contacts (Oral RfD)

Please contact the IRIS Hotline for all questions concervin: this assessment or [RIS, in general, at (202)566-
¥ "4 (phone), (202)566-1749 (fax). or latiinedv' = gp s oo Cinferret address).

_LB. Reference Concentration for Chronic inhaiaion Exposure (RfC)

Naphthalene
CASRN -- 91-20-3
Last Revised -- 09/17/1998

The inhalation Reference Concentration (R{C) 's araloz:u ic ihe oral RfD and is likewise based on the
assumption that thresholds exist for certain toxiz ¢ tect 1 b oy collular necrosis. The inhalation RfC considers
toxic effects for both the respiratory systeni (portal-of-cutr.} znd for effects peripheral to the respiratory
system (extrarespiratory effects). It is generally express1in units of mg/m>. In general, the RfC is an estimate
(with uncertainty spanning perhaps an order of magnitud2) ot a daily inhalation exposure of the human
population (including sensitive subgroups) that is likelv 1¢ be without an appreciable risk of deleterious effects
during a lifetime. Inhalation RfCs were derived according 1o the Intarim Methods for Development of
Inhalation Reference Doses (EPA-600/8-83/066F. August 1939), and subsequently according to Methods for
Derivation of Inhalation Reference Concentrations znd Apso! sation of Inhalation Dosimetry (EPA/600/8-
90/066F, October 1994). RfCs can also be derived £ th= - o.12arcirogenic health effects of substances that are
carcinogens. Therefore, it is essential to refer 1o othior s¢ i 2: of in“ormation concerning the carcinogenicity of
this substance. If the U.S. EPA has evaluated this substz 2o ¢ - poiential human carcinogenicity, a summary of
that evaluation will be contained in Section 11 of '35 fils

B.1. Inhalation RfC Summary

Critical Effect wpsimeinod Duses” UF MF RfC
Nasal effects; hyperplasia NOAFL: Moo 3000 1 3E-3
and metaplasia in respiratory
and olfactory epithelium,

mg/m>

http://www.epa.gov/cgi-bin/epaprintonly.ca 1/13/2004
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respectively LOAZL (HFL: &3 me'm?

™ ~onic mouse inhalation
-y

NTP, 1992a

*Conversion Factors and Assumptions - Foliowing tae (zgory 3 guidance (U.S. EPA. 1994), experimental
exposure concentrations of 0, 10, and 20 ppm were corve =i to 0. 52, and 157 mg/m?, respectively; adjusted
to a continuous exposure basis in mg/m? (6/2+ hr ¢ /7 devs) equais mg/m> x 0.1786: 0, 9.3, and 28 mg/m?>.
Because the blood:gas (air) coefficients for naphshizierc v r¢ sot available, the default ratio of 1 was used and
the values for the LOAEL(HEC) were 0, 9.3, and 2% mg. v+ . Scenario - The LOAEL human equivalent
concentration (HEC) was calculated for an ex‘rareyr iratc 1y elfcct for a category 3 gas. Since the b:a lambda
for humans (h) is unknown, a defeult value of 1 0 is usee tor this raiio. LOAEL(HEC) x [b:a lambda
(animal)/b:a lambda(human)] = 9.3 mg/ s’

__L.B.2. Principal and Supporting Studies {inhal-iion RIC)

National Toxicology Program (NTP). (1992a) Toxicclo v il carcinogenesis studies of naphthalene in
B6C3F1 mice (inhalation studies). Technical Report Series 1. 410. NIH Publication No. 92-3141.

B6C3F1 mice (75/sex/group) were exposed to naphrheies: { cintillation grade. > 99% pure) at target
concentrations of 0, 10, and 30 ppm (0. 52, 157 gy v “Ur € hr/day, 5 days/week. for 103 weeks (NTP,
1992a). The duration-adjusted ievels were 0. 9.2, and 28 niuy 3. respectively. Additional groups of 75 male
and 75 female replacement animals were expesed o 30 pr1 vy ensure that a sufficient number of mice lived to
study termination. Naphthalene vapor was generatea by itect sublimation and monitored by a software
feedback arrangement. Average weekly concenirations v vithin 20:% of target concentrations, except one

: when the mean concentration in the low-corcentrati-n chamber was 5.5 ppm. Supplemental hematology
Stiidies were scheduled with 25 animals/sex/group. but enit the first sacrifice (at 14 days) was conducted
because of high mortality in the male control group from (iulting. Serial slit-lamp biomicroscopy and indirect
ophthalmoscopic examinatious were conductad v 3 i x/group at 6-mo intervals. Gross necropsies
were conducted on all animals. Complete aistopa hologic o 1tions of major tissues were conducted on all
animals, except that the only tissues examrined from low-¢~nzentration animals dying or killed after 21 mo of
exposure were the lungs and nasal czvities.

Survival of the male controls was significantly lov.cr ihaa i1 e exposed males. Reduced survival was related
to wound trauma and lesions from increased fighti = it woup. Similar effects were not seen in the exposed
males, because they tended to huddle in cage corners diine < xnosure periods and so fought less. There was no

significant difference in survival between the treatment ~o:l ¢ »ntrol females. There were no treatment-related
ocular lesions in the selected mice that underwen® aphtiw! ~oingic examinations at 6-mo intervals. There were
no biologically significant changes :n hematologyv paranic..r< ct day 14 of the study. Final mean body weights
of the treated animals were within 10% of the correspn o’ o vontrols.

Inflammation, metaplasia of the olfactory epitheitum. c1id 1y ~21piasia of the respiratory epithelium were noted
in the noses of virtually all exposed mice of both sexes. vui iz only one control female mouse. These effects
were slightly more severe in the high-concentraiion gioug. 3ur Tabie | for incidence data. The lesions were
focal or multifocal, occurred mainly in the poster.cr rase! savity, and were minimal to mild in severity.
Inflammatory lesions included substantia propria oo v uzestion, mixed inflammatory cell infiltrates,
necrotic debris, and intraluminal serous to fibrivopurule: ¢ ox. dete. Respiratory epithelial hyperplasia resulted
in a thickened, folded, irregular mucosal surface. Ol%act ¢ ithelial imetaplasia often involved ciliated
columnar or pseudocolumnar respiratory -like ep.thiolia’ -l oplacing the usual olfactory cell layer. The
lesions were collectively considered features of ¢ ¢ n=iz -+ d <o Taonratory and regenerative process.

Table 1. Incidence of nonneoplasiic 1o pivatory lesions in B6C3F1 mice
exposed by inhalation to naphthalenc, » w/day, 5 dayvs/week for 2 years

L

iy insion |

Exposure
level/sex

Malaplasia, nasal

http://www.epa.gov/cgi-bin/epaprintonly .y 1/13/2004
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[(ppm) ” inflarmnation oy “ olfactory epithelium
|0/male /70 0/70

" -male 3/69 0/69

[{U/male 21/69 66/69
10/female 13/65 65/65

30/male 56/135 134/135
30/female 52/135 135/135

Source: NTP, 1992a.

Minimal to mild lung lesions, iacluding infiltratior of hist:oc<tes or lymphocytes, inflammation, hyperplasia of
the alveolar epithelium, and bronchial subniucosal giane distensior, were observed in both controls and treated
mice. The incidence and severity were gencrailv highz 1 ¢ treated groups of both sexes, but there was no
clear concentration-response relationship.

Females in the high-exposure group hzd elevated ivcidire < of a’veolar/bronchiolar adenomas and carcinomas
(combined incidence 22%, compared with 7% in the ccine | -reup and 3% in the low-exposure group). The
incidence was also above that of historical conwrols ar-d wi considered compound-related. The incidences of
alveolar/bronchiolar adenomas and carcinomas i tveetd <aes were marginally increased (10%, 25%, and
23%, in the control, low-concentration, and high-concor ~iion groups, respectively). However, because the
increase was not statistically significant and voas oty i ce of historical controls, it was not considered
exposure related. Instead, it was attributed to the ! i
occurred in the anterior nasal cavities of two fomuie. 1
considered compound related because the increase © as i
Therefore, the nasal lesions discussed above shold oo

<o -corcentration group. They were not
1centration related or statistically significant.
red preneoplastic.

Calculation of the Human Equivalent Concensatios (577 )

s, .-€ conversion: Because of its low water solub liv aas lov reactivity, naphthalene-related effects on the
nasal epithelium are expected to result foliowing abscra o1 HF naphihalene and metabolism to reactive

oxygenated metabolites, rather than being a resuir ¢f dirc7 contact. This hypothesis is supported by data on
naphthalene metabolism indicating that tcxic effects o+ il inspiratory tract are due to a naphthalene

metabolite that may be formed either in the Liver or v ik capivatory tract. For example, necrosis of bronchial
epithelial (Clara) cells in mice (C'Brien et al., 1985, 198 Teng et a’., 1981) and necrosis of olfactory
epithelium in mice, rats, and hamsters (Plopper ei al., 197 vocur Dolowing intraperitoneal injection of
naphthalene. The nasal effects from inhalatior. exposure ¢ wohthalene were considered to be extra-respiratory
effects of a category 3 gas, as defined in the U.S. 128 A zvicanse for deriving RfCs (U.S. EPA, 1994),
Following this guidance, experimental exposure cance v ¢ were adjusted to a mg/m? basis (0, 52, and 157
mg/m?), adjusted to a continuous exposure basis (ieg oo » ' 24h x Sd/7d = mg/m3 x 0.1786: 0, 9.3, and 28
mg/m?>), and converted to human equivalent concertraton 1LECS) by multiplying the adjusted concentrations
by the ratio of mouse:human blood/gas partition co2fo ot o 3esause the blood/gas coefficients for
naphthalene were not available, the default ratic of ¢ v s,

Dose-response modeling: Whereas the deara trom the ™70 < 1992z) «indy show nasal effects to be the most
sensitive effects from chronic inhala‘ion exposure o ropaiieiene, dhey provide no indication of the shape of
the dose-response curve because the incidence of pasal i ony at the lowest exposure level was 100% in
females and nearly 100% in males (see Vable i), 'n b+ oo applcation of a BMD approach, in which quantal
mathematical models are fit to the incidence data 12 a1l el 2cis. does not sersibly assist in 2xtrapolating to a
NOAEL, and a NOAEL/LOAEL approach wes taken . ¢o1iving an RfC for naphthalene.

__1.B.3. Uncertainty and Modifying Factors (daats siorn RIC)

UF = 3000.

s adjusted LOAEL(HEC) of 9.3 mg/m” for nasal efi2c (¢ nerplasia in respiratory epithelium and
metaplasia in olfactory epithelium) was divided tv ar e v nty fietor of 3000 (10 to extrapolate from mice
to humans, 10 to protect sensitive humans, 19 to 2xtrepaic = Jom a LOAFL to a NOAEL, and 3 for database
deficiencies including the lack of a 2-generation ;¢ p=-It © s texicity study and chronic inhalation data for

other animal species) to arrive at a chronic RfC for nanh b0k 1w of TE-3 mg/m?.

http://www.epa.gov/cgi-bin/epaprintonly ¢ ;i 1/13/2004
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MF= 1.

! B.4. Additional Studies/Comments {Inhaiztios S0
SUPPORTING STUDIES

Human experience with acute accidental expost vty th alone identifies the development of hemolytic
anemia and cataracts as health Hazards of concern, Iovve o inforrnation is not available regarding dose-
response relationships for these effects in humans with @ ¢ -ubcehronic, or chronic exposure by any route.

Animal inhalation studies are resiricted to three stucies . f 11 7cora 2-year study (NTP, 1992), a 6-mo study
(Adkins et al., 1986), and a 4-hr study (Buckpiti, 19525 2 aiis fron che chironic study. supported by the
subchronic and acute studies, identifv nasal and puliaoni 1y irjuries as critical effects from chronic inhalation
exposure to naphthalene: effects in other organs or @ swt « ~were not found. Incidence data for male and female
mice with hyperplasia of the nasal respiratory epithelnn aplesia of the nasal olfactory epithelium, and
chronic pulmonary inflammation clearly show that the w-+ v core sensitive than the lung to chronic

inhalation exposure to naphthalene. At boih exposure vels €10 and 30 ppm. 6 hr/day, 5 days/week), > 95% of
mice of either sex showed nasal lesions, whereas pidiorasv @sions were found in < 1/3 and < 1/2 of mice
exposed at 10 and 30 ppm, respectively (Tab'e 1). Wea' 2ui-ns in the respiratory and olfactory epithelium in
mice found in the NTP (1992a) studv were there[re wel0 27 a4 the critical effects for the purpose of RfC
derivation.

Adkins et al. (1986) exposed female A/J mice (30« . 10, or 20 opm (0, 52, or 157 mg/m?)
naphthalene for 6 hr/day, 5 days/week for 6 o, and ¢ od e cumeer of adenomas in each lung. The
duration-adjusted concentrations were 0. 9.2, and ¢ 1 v, ssseclively. Exposure to naphthalene caused
increases in the total number of adenomas and the ceree o e of winmals with adenomas, but the differences

were not significant. The number of tumors per tuwae-» = i niouse lung was significantly increased at both
exposure levels.

Buckpitt (1982) subjected groups of five male mice (v Webster) plus control group to 1-hr exposures to

i thalene concentrations of 0, 52.4, 95.8. 204. or 3% 5e,+% . Adverse effects were seen only at the highest
Goticentration, and included swelling of cells an i<y gt o the airway lumen of cells from either the
major and/or terminal airways. The etfects were ivild 11 presence of cytochrome P450) inhibitor and
stronger in the presence of a glutathione Gepletor. svgen i ag ikat cytotoxicity is due 1o a naphthalene
metabolite produced by P450 and that glututhione » ave o0 coctive role, Naphthalene reduced glutathione
levels in the lung, liver, and kidney. but the concantatc i pponse curve was flat.

Following a single 4-hr exposure of five male ad five fo1ade Wistar Albino rats to 77.7 ppm (407 mg/m?),
closed eyes, lacrimation, and mouth breathing vrer: ob s+« Bushy Run Research Center, 1986). No signs of
toxicity were observed postexposure or durirg the 14--<+ 1bsoyvetion period, and gross necropsy revealed no
exposure-related lesions.

4

For more detail on Susceptible Populations, cxit v ifi - olagicd veview, Section 4.7 (PDF).
__L.B.5. Confidence in the Inhalatio~ RfC

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

The principal study was given medium confidence »oon eguacs numbers of animals were used, and the
severity of nasal effects increased af the higher cposare coacen'=ation. However, the study produced high

mortality, (< 40% survival in the male control grous it it sour 3 trauma 2nd secondary lesions resulting
from increased fighting). Also, hematolozical e bir iy + am ~onducted beyond 14 days. The database was
given a low-to-medium confidence rating because the . -+ o chironic or subchronic inhalation studies in other

animal species, and there are no reproductive or Joveicr v orn! studies for inhalation exposure. In the absence
~uman or primate toxicity data, rhe assemplicn s ovics P 1onasal responses in mice to inhaled naphthalene
esrelevant to humans; however, :t cannot be sai ey that this RfC for naphthalene based on nasal
effects will be protective for hemolytic anemia ard coizit i+, 112 more well-known human effects from
naphthalene exposure. Medium confidence in the 2:C 01 i«

For more detail on Characterizaiion of Hazurd «...d T« . i.cronse, exit to the toxicological review, Section

http://www.epa.gov/cgi-bin/epaprinton!y.c, i
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6 (PDF).
' B.6. EPA Documentation and Review of ti ¢
Sburce Document -- U.S. EPA, 199§

This assessment was peer reviewed by exiernal =
incorporated in finalization of this IRIS suminary.

the Toxicological Review of Naphthalene in supper ol o
2998). To reviw

Information System (IRIS) (U.S. EPA,
Appendix A, Summary of and Response to Exioye!

Other EPA Documentation -- U.S. EPA,
Agency Consensus Date - 7/1/98

__L.B.7. EPA Contacts (Inhalation RiC}

Please contact the IRIS Hotline for all questicar coree i

1676 (phone), (202)566-1749 (fax), or bot'i

_l. Carcinogenicity Assessment for Lifetine oy

>" shthalene
.. .SRN--91-20-3
Last Revised -- 09/17/1998

Section II provides information on three aspects of th. -~

the weight-of-evidence judgment of the likelihood
estimates of risk from oral exposure and from inbal: ;i
presented in three ways. The slope factor is thz rrvic ol
is presented as the risk per (mg/kg)/day. The unit rivk is
pg/L drinking water or risk per ug'm” air breathed 7

of the chemical in drinking water or ait associated v

1,000,000. The rationale and methods used to deverc |
the Risk Assessment Guidelines ot 1984 (EP A /6
summaries developed since the publicazion of P AW
Assessment (U.S. EPA, 1996) also utilize thos e
this IRIS file for information on leng-term etfect. otk

_llLA. Evidence for Human Carcinoganic.yy
__ILA.1. Weight-of-Evidence Charizcterizaiion

Using criteria of the 1986 Guidelines for Carciveson o
possible human carcinogen. This is hased on the imad ¢
naphthalene via the oral and inhalation routes, and (b -
inhalation route.

TT~ing the 1996 Proposed Guidelines for Carzineger 0y
— hthalene via the oral or inhalation routes 'cannnt F2
data; however, there is suggestive evidence (ohez v

female mice only exposed to naphthalenc by inhalztic: i~
respiratory tumors associated with exposure to 1-mthyvi

At the present time the mechanism wherchy napt (il v+ oue

http://www.epa.gov/cgi-bn/epaprintoniy. . i

1980, 1G5, 0

(RS

199

Page 9 of 20

ricalation RC

i cormments have been evaluated carefully and
f1ese comments is included in an appendix to
ary Information on the Integrated Risk

r; gn ndix, exit to the toxicological review,

Tomments (PDF).

( [+
SN

thie gssessment or IRIS, in general, at (202)566-

vemet address).

watve

 ~znic assessment for the substance in question,
« ance 14 a human carcinogen, and quantitative
esure. The quantitative risk estimates are

pedicstion of a low-dose extrapolation procedure and
Lo cpiantitative estimate in terms of either risk per

o it which risk is presented is a concentration
ks of 1ir 10,000, 1in 100,000, 0r 1 in
cinogenicity information in IRIS are described in
25 end in the +RIS Background Document. IRIS
ent Proposed Guidelines for Carcinogen Risk
voere wndicated. Users are referred to Section I of

1 Ercine zenicity.

-+ wdenent, naphthalene is classified in Group C, a

- daia of carsinogenicity in humans exposed to
e evidence of carcinogenicity in animals via the

~espvent, the human carcinogenic potential of

~rmitaed” at this time based on human and animal

:rign respiratory tumors and one carcinoma in
ol

’a]t. Additional support includes increase in

mchpelene,

es berign resoiratory tract tumors are not fully

1/13/2004
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understood, but are hypothesized 1o mvelve oxvecia > vactve metabolites produced via the cytochrome P-
450 monooxygenase system. However, based caths oo sogatiie results obtained in genotoxicty tests, a
genotoxic mechanism appears unlikely.

6 (PDF).

For more detail on Susceptible Populaiions, exii is 15> 7 slsgival review, Section 4.7 (PDF).

__ILA.2. Human Carcinogenicity Data

Available data are inadequate to estabiish a causal @ ¢ ¢2 - beracen exposure to naphthalene and cancer in
humans. Adequately scaled epidemiclogical studies oo o i exanine a possible association between
naphthalene exposure and cancer were not located. (3 -1]¢ 1y data are available to evaluate the carcinogenic
potential in exposed human populations.

_ WLA3. Animal Carcinogenicity {iata

Inhalation: In an NTP (1992a) cancer hiorssay. <7ov v ok and fomale B6C3F1 mice were exposed
(whole-body) to naphthalene (> 99% pure) vapors o, corcoavations of 0 (75 mice/sex), 10 (75 mice/sex), or 30
ppm (150 mice/sex) 6 hr/day, 5 days/week {or 2 years v o were housed five to a cage. There were 150 mice

housed in each of 4 inhalation chambers: 2 charier o0 oo for the high-exposure level. A comprehensive
histological examination was performed on all contrc 2 high-¢ose mice and on low-dose mice that died or
were sacrificed before 21 months of exposure, v 3 o dwof expesure. only the nasal cevity and lung
were examined in the low-dose grovp. In cach ciae 2 animals oer sex were designated for the 2-year

studies; 5 animals per sex were designated for heinvaie so1c i vawations at 14 days and 3, 6, 12, and 18 mo.
However, because of high mortality in the malc cort - v (see next paragraph), only the 14-day

hematological evaluation was conducted. The ol vrs oo interim mice were incorporated into the 2-year
study.
Statistically significant decreases ir survival wers v < e sartrol male mice compared with the

exposed groups. Exposed male mice were observad wo® 1 corners of the cages during exposure and were
less inclined to fight. Survival percentages at the ¢vi o7 b siady were 37% (25/70), 75% (52/69), and 89%
(118/133) for the 0, 10, and 30 ppm male groups esro b Sorvival percentages did not include mice
sacrificed at 14 days, mice that died befare the sty - #y'oe that were accidentally killed, or mice that

were lost during the study. Survival at 2 years i1t o0 o0 ome ¢« avice (86%; 59/69) was comparable to
survival in the exposed grouns; survival percenages * o #" 0 (5765) and 76% (102/135) for low- and high-
dose females. Body weights were not affected by c.om oo 0 either s2x,

Statistically significant increases in incidences ¢tiorn. i -tie fevions were found in the lung and nose of

males and females at both exposure levels. Gbserv:d = v lastic effects included the following (with
respective incidences listed in the order o™ controt. lew o i Ligh-zxposure groups): chronic inflammation of
the lung (0/70, 21/69, and 56/135 for males; 269 (% 7 . " 1/135 for females); chronic inflammation (0/70,

67/69, and 133/135 for males and 1/49. 65/65 anl 77 1717 1y "inales); metaplasia of the olfactory epithelium
(0770, 66/69, and 134/135 for raales: 0/69, 6563, ¢ "7y i 2ty fumales); and hyperplasia of the respiratory

epithelium in the nose (0/70, 66/¢9, cod {34/135 7 - S0 0585 and 125/135 for females).

The lung inflammation in the exposed mice war dewcin o cowisong of "focal intra-alveolar mixed
inflammatory cell exudates and intesstivial fibrea "(f e re advanced lesions consisted "primarily of large
foamy macrophages, sometimes accorapanied by 1o 10 coad iant cells” Foci of alveolar epithelial
hyperplasia were noted to occur generally in reginms Jis0 10 infiammation.

A statistically significant increasc in the incidenc: o'« ~ = .. bronchiolar adenomas was observed in the 30
ppm group of females (28/135), but not irc the 110 pot v v« 1/95), relative to the coatrol female group (5/69).
Among females, an additional mousc in the 5)-pan wioi oo oiayed en alveolar/bronchiolar carcinoma. The

* torical combined incidence of aiveolar/Lronchiciu 50 connas and carcinomas in control B6C3F1 female

s, € from NTP inhalation studies was cited a: 357 40¢ 4. reaee 0-12%). The authors commented that

alveolar/bronchiolar adenomas and carcinoinas coos 0. viomlologic continuum. The incidences of male
mice with alveolar/bronchiolar acencmas wars 7, 1 7 ¢ 227135 for the control, 16 ppm, and 30 ppm
groups, respectively: for combined adenomas ang o w e Lveolar/bronchiolar region, the respective
incidences were 7/70, 17/69. and 31/ 135, A statistica o <t adjusted for intercurrent mortality (logistics

regression analysis) determined that the tunor incide . o i, and exposed groups of male mice were

http://www.epa.gov/cgi-bin/epuaprintonly.c i
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not s1gn1ﬁcantly different (NTP, 1992a). Hx\t\) e
carcinomas in control male B6C3F1 mice from M7
109%-30%). The adenomas were described as "loee!
:rentiated epithelial cells,” whereas the ¢
‘Stialler, more anaplastic, cells which sonetinies sy

Hemangiosarcomas occurred at various sizs wit n i
(5/135), but not within the other groups of female oo
respectively). The high-dose female nerdence (379
control incidence and was within the rarye o 1 i
0-8%; overall incidence: 17467 or 3.6" 1. No 5
tissue sites in exposed male or female miice (N°5

Adkins et al. (1986) exposed groups of 30 l‘eth-

naphthalene (98%-99% pure) vapors, 6 ni/day. > dev o
lungs were examined for tumors. [umors were oo

noncancer histopathological effects tha: 1-’reir exeilr

between the exposed and control groups. Lurg qumess ~

intraperitoneal injections of 1 g wthane/kg
28.9. Increased numbers of lung tumor: were

l]” [

groups). Tumors were described as alvoslar adens
supported by a sparse fibroblastic sironivand a~ o
formations." No carcinomas were toud. Maphita -

animals with tumors (21%, 29%, ard 30% for 0, (. 1. .

increases in the number of adencrmas per furan -
no increase in response with increasing «ose Moo
parentheses) were: 1.00 (0.00), 1 23 (0.07Y. and [ 27
Applicability of this study to the assessqont of rad
exposure and observation periods. 1nd the hi ! (i S
‘ing that only 6 months of exposure cavsel <t

“tainor-bearing lung in the exposed groips. covn!
provides further suggestive evidence that naphtic

Oral: Schmahl (1955) reported that vay taler s o 20
(in-house strains BDI and BDII). Naphialenc  pur i
puriss. cryst. alcoh. depur. [34935]") was disso’ve i
spectrum of the test material displayed no atypic:! -
suggesting high purity. The dailv dose veis ropo o ?
regarding dose variation were not pr- v"d pd, AL
weights were not reported), treatmient wwas stomp.;
until spontaneous death, between 700 and 80 b
body weight of 0.36 kg (U.S. EPA, 1987, reiss
average daily dose of 42 mg/kg is calelated. toe
appeared unusual were examinzd histolagicativ 5,
examined). The number of rats in the control wron
reported to be similar. Reported resultc “rom the e
statement that no toxic effects were seei, facsuio ¢
design (e.g., only one dose lzvel was nd:mrmte ed qhe
hematological endpoints were net evalustedd. anc -on
being examined) and inadequacies n rerorting of =« s
can be drawn from this study regarding cither the o
This study is considered inadequate 2¢ 3 cancer i
likelihood that the maximum toisrated dose ma v i

Other Routes of Administration: Schiik! (1047
subcutaneous or intraperitonea! in ccticr did ot
sups of 10 rats were given either subcyiae:
“esg/rat per injection) starting at 100 e o7 a
Rats were maintained until spont: neou
with subcutaneous or intraperitonea! Cosas
organs which appeared unusual were exz
examined, if any). The author reportedl t}:: ~
naphthalene. No tumors develoged in eithar groug ™

vodenth con

http://www.epa.gov/cgi-bir/epapririoniv.

Y RIS
control group, but the differences were rot statis:ina ',

1)

ol Procection Agency

: cetor ¢omtined alveolar/bronchiolar adenomas and
Lo studies was cited as 94/478 (19.7%, range
« vwivz nodular masses consisting of cords of well-
pesed of ribbons and/or coalescing sheets of
adjacent parenchiyma.’

snicthelium m five high-dose female mice
1< 065 for control and 10 ppm females,
v stomiftcantly different from the concurrent
o adencees from NTP inhalation studies (range:
lences of tumors were found at other

e (610 8 weeks old) to 0, 10, or 30 ppm
s 6 o, After the 6-moe exposure period, excised
islugically. The authors did not describe any
o1y Laoe revealed. Survivel was not different
: fovnd i all 20 positive control mice given single
Foof urrors per miouse in the positive control was
nbiiens-exposed groups compared with the
oo ’w 10, and i1 for the 0, 10, and 30 ppm
Tog o7 Narge cudoidal or coluranar pithelial cells
civ hved acinar structures with papillary
~oere did not significantly increase the percentage of
Jomnice, respectively). Statistically significant
w2 observed in the expesed mice, but there was
Fremors per tumor-bearing lung (sd noted in
+ ana 30 ppm mice, respectively.
ssure is lirnited due to the less-than-lifetime

cant increased numbers of tung tumors per
‘2 of the NTF (1992a) mouse bioassay,
< vourorigenic response in the mouse lung.

;oo Ldid netcause cancer in a group of 28 rats
Coes hirek Co. and desceribed as "Naphthalene
viaivm 6 tm cs/weel in food. The absorption
1iared with oublished data for naphthalene,
Yotwern 10 end 20 mg, but further details
2t lose of 10 giet (food intake and body
¢ yexpermmental Cay. and animals were observed
Lonoareing an gverage daiy cose of 15 mg/ratand a
Wt for male Fischer 344 rats). an estimated
riorned on Gead animals, and organs that
¢ nceldy which organs were histologically
~uaoveds surviva! for control and exposed rats was
¢ b orical examinations were restricted to the
=y d tumors Inadequacies in experimental
i othalopical examination was not complete,
ed as long as 300 daye bevond exposure before

0

s emanls and reselts imit the conclusions that

Licity o ponearcinogenic toxicity of naphthalene.
e of reporting < nd destgr inadequacies and the
e anproached.

it nurhrhalene wepeatedly administered by
v n s (in-house strains BDI and BDIII).
v abweekly injecuons of naphthalene in oil (20
v b 40 weeks (the total doses were 820 mg/rat).
< pa were reperied to be 700 or 900 days for rats
o were perfrrmed on dead animals, and
e vepart did sot specify which organs were
found with parenteral edministration of
»tarmation on control rats was restricted to the
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statement that lifespan for exposed rats was similar - » for control rats (700 days with subcutaneous
doses and 900 days with intraperitoneal doses).

and et al. (1964) implanted raphthalene into 2 b 1 2 P asteek Chester Beatty mice and examined them
atér 30 weeks in an effort to determine the suital. i+ - heler: as a potential vehicle for carcinogenicity
testing. The original number of mice implanied v “one was not reported, but 23 mice were reported
to have survived 30 weeks. One mouse deveioned = i arsivema (1/23; 4%); no adenomas or papillomas
were found. Tumor incidence was as low as whoi 500 7 0 x w1 wsed (2-4%9%), and lower than with the
implantation of cholesterol (12%). Thers are lpiie -+ o0 hos ety that make it an inadequate lifetime cancer

bioassay including the short exposure and observsien ~ o+« il the lack of untreated controls.
Coal tar-derived naphthalene tha: contained apprown o U4 usidentified imourities was tested for
carcinogenicity by Knake (1956}, White rats (4t:. s - .+ eds were grven seven subcutaneous injections of

0 or 500 mg/kg naphthalene in sesame oil at 2-=

s weor an approximate 3.5-month period. Thirty-
four of 38 naphthalene rats and 32/3% contro! 1 "ot insection period. Survival was somewhat
reduced in the naphthalene-exposcd var compard = vzl ontrol rats during the following 18-month
period. Survival incidences at 6. 11, ard {7 oo ~eotion period wer: 21734 6/24, and 0/34 for the
naphthalene-exposed rats and 17/32, 1232, ad 22 viro] rats. Lymphosarcomas were found in 5/34
(14.7%) exposed rats during the '=-month oba: voon cxcosed rat showed a mammary

fibrosarcoma. Vehicle conirols showed o 6% 727 ' o amers {one with Iymphosarcoma and one
with mammary fibrosarcoma). Mice (23, inhrod 10 cor =i veath 0.5%% naphthalene in benzene S
days/week for life; 21 control mice were painied ' 1 o <lece Four treated mice developed

lymphomatic leukemia. three had lung adenomas v - g
(9/25 with tumors). In the benzene controls, one Mo
non-gpecified tumor (3/21 with tarors). Thewe -t 71
the presence of unknown impurities that may heve -

‘coma, and one had a non-specified tumor
. ome hed lung adenoma, and one had a

aent of carcinogenicity due to
1> vroperties. Moreover, the vehicle (benzene) in

-

the mouse study has been shown to cause leukemin & 0o and rodents, and the site of injection in the rat
study was painted, prior to injectior. with car»ifoi™ . oww corcinogen.

La Voie et al. (1988) gave intrapeifon:al nashihy v - a dimethylsulfoxice) o 6.25,0.50, and 1.0

~ e to male and female newbern CD- 1 mice oo - 1115 57 life (toial dose = 1.75 umole
nigpithalene). The report did not specify the pusics R IEY ested. Forty-nine pups were treated with
naphthalene and 46 control pups were teated i . v o lie slone, Mice were maintained (10
mice/cage) until moribund or unti! 52 weeks b o woez uilled. All gross lesions as well as liver
sections from all mice were exam =124 histolouic ! ¢ oMy significast increased incidence of liver
tumors (adenomas or hepatomas) was found in 1~ © ¢ Beported incideaces for the number of mice
with liver tumors were (deneminators are for the 0 -+ o faciived of least 6 raenths): 0/16 and 2/31
for exposed females and males, i1d 0721 and %/7 v - L ope] females and males. This assay is
inadequate to assess the carcinogeniciy of liferne » 12 phthalene because the exposure period (2
weeks) and observation period (52 wesics) wore o0 o0 2w than the lifetime for mice (approximately 2

years), and complete histological examinations w0 bicres,

__ILA.4. Supporting Data for Carcinegonl

The genotoxic potential oi naphthaicne nas been v 00 i test sysieras. Most swidics provided
negative results. Naphthalene was not mutagenic w .o o Sphimurium assays in the presence or absence
of liver metabolic preparations (Eos ¢t ad, 1958 v voithes: Plorin et all, 1980; Godek et al., 1985;
McCann et al., 1975; Nakamura et ai.. i987; Nevou i - Coed . TP 1Y92a, Sakai et al., 1985).
Naphthalene did not damage DINA (as assayea 7. .. coc e SOB-repeir systerny in E. coli PQ37

(Mersch-Sundermann et al., 1993).

NTP (1992a) found that naphtha.ene induced. i culn -+ i ese hamster ovary celis. sister chromatid
exchanges within a concentration range of 27 s % 1. -he prresence or ebsence of metabolic activation,
and chromosomal aberrations within a range o1 53« =+ © ¢ mi.~-ly in the presence of metabolic activation.
Naphthalene was mutagenic in the marine bacter v -+ ‘wehe i {Arfsten ec al.. 1994) and in the

I’ ~sophila melanogaster wing somatic mutaiion s+ irn oo test (Delvado-Rodriguez et al., 1995).

&, ..4re of mouse embryos in medium containing . ¢ o0 1 b thsene produced a 10-fold increase in
chromosomal damage compared 1o unireated corc ~. 1 o s resnonse 10 naphthalsne was amplified by
the inclusion of a hepatic metabolic activation svaes - <t (Goliahon st ai. 1990).

Incubation of human peripheral lvmphocytes i =07+ - - inine qaphthelene and a buman liver metabolic

http://www.epa.gov/cgi-bin/epoprinton v, 1/13/2004
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activation system did not produce inceeased trauer
(Tingle et al., 1993: Wilson et al.. 1995y Naphtaslio
rat hepatocytes (Barfknecht et al.. 1985} or inerer.
wing intraperitoneal injection of single 130
taphthalene as high as S00 mg/kg did not ncresee
mice compared with untreated control mice e
transformations of Fischer rat embry o cells (Freeo
1974). Sina et al. (1983) reported that nanhthaler
hepatocytes as detected by alkaline diluaon.

Naphthalene metabolites [-naphtho! and 2-nap! i
metabolic activation (Florin et al., 1987 ; McCan» o -
naphthalene metabolite, naphtiosuinone. was .o
without metabolic activation (Sakai ot al., 1635 =t
1,2-dione was mutagenic in strains of o tuphinoi i
metabolite, 1-naphthol, failed to procucz sosith

sex- linked recessive lethal mutatiors iv. Drosoy 7,
L5178Y cells (Amacher and Turner, 1982, 1ei® o
and Hill, 1980), and induction of raicronuclei in -
(Hossack and Richardson. 1977) aftsr s ate i v

Tsuda et al. (1980) found no evidence for neop! =
F344 rats (sex not specified) treaicd with siaie
with a group of 10 vehicle control viits Rags ae v o
partial hepatectomy, but before dietary freatime 0w
and a necrotizing agent {carbon t(:muh.mida T
dietary treatments of exposed arc. coatrol rats) v
contrast to naphthalene, a single zuvag: dese of 700
number, area, and size of gamma- zictaay e oo

_ILB. Quantitative Estimate of Zarcincoer
Exposure

An oral slope factor for naphthalsne wus not ¢e-? !

_IL.C. Quantitative Estimate o Gerzinoger

An inhalation unit risk estimate for =anl thalei o
(observations of predominant beaigi 1 25pi :
carcinogenic in humans,

= 11.D.1. EPA Documentatior;

Source Document -- U.S. EPA, 1908

This assessment was peer reviewed by externs scio«

http://www.epa.gov/cgi-bin/epaprir toniv, .

ILD. EPA Documentation, Raview, and ;oo

i Frotection Agency

T romatid exchanges compared with controls

1ce unscheduled DNA synthesis in cultured

~7 uicronuclei in bone marrow cells of mice
wretal, 1985). Single oral doses of

s mieronucleated erythrocytes in exposed

<1 vapathalene did not induce in vitro

s

1

T er Bwss mouse embryo cells (Rhim et al.,
¢ nglesstrand DNA breaks in cultured rat

vutagenic sv S0 Aphimrium, with or without
Naobonne et al., 19871 Another proposed

vy eral straing of S ovpiaimurium with or

Oy et all (1964) meporied that naphthalene-
woonbolic activation. The naphthalene
et ather genotexicity assavs including tests for
<o ocke et at, 1981), mutations in mouse
wiiiesis in cultured rat hepatocvtes (Probst
- of mice (Ciocke et al., 1981) and rats

{1 of Tiver u:x[ m a group of 10 young adult
i mglic suthalens in corn oil compared
doses cf mphma ene or vehicle following
Heclifeation cgant 72 acetylaminofluorene)
wspeptidase foei tobszrved following the
ator of necplastic trensformation. In
ol aryrene induced sigaificant increases in the

y vl

{2 lak of chrosis sral naphthalene studies.

N SR —

@ Inhalation Exposure

Foccsuse of the weakness of the evidence
1‘1‘;1;‘ cose onlv) that aphthialene may be

P SN Y

“Lireinogernicity Assessment)

«r7comments have bzen evaluated carefully and

Page 13 of 20

1/13/2004



Naphthalene (CASRN 91-20-3;, IRIS. Ervic

incorporated in finalization of thiz [RIS sumimary

the Toxicological Review of Naphkthalme in s

Information System (IRIS) (U.S. EPA, 1698). iy 1
endix A, Summary of and Response to Sy

__IL.D.2. EPA Review (Carcinogenicity Aussann

Agency Consensus Date - 07/01,1048

__li.D.3. EPA Contacts (Carcincgenicily Ao o

Please contact the IRIS Hotline tor a:i cusstic s oo
1676 (phone), (202)566-1749 (fax:. or “othive

_lIL. [reserved]
_IV. [reserved]
_V. [reserved]

_VI. Bibliography
Naphthalene
~ASRN -- 91-20-3

t Revised -- 09/17/1998
_VLA. Oral RfD References

Allen, BC; Kavlock, RI: Kirimel, CA: et al. {1t
Comparison of generic benchmark doss cstirisis

Allen, BC; Kavlock, RJ; Kimmel, CA: ctal. {154,
IIL. Statistical models. Fundam App! Tesico! 27

Battelle's Columbus Laboratories (BCLY. (198 3.

(C52904), Fischer 344 rats. Prepared by Batwelle 1: 7 i -

Available from the Center for Environmental Ra- -

Battelle's Columbus Laboratories (BCL}. (1980 .
(C52904), B6C3F 1 mice. Prepared by Batralie |+

Buckpitt, AR; Franklin, RB. (1939) Relationshi - o2
pulmonary bronchiolar epithelial cell necrosis, Mo

Kavlock, RJ; Allen, BC; Faustman. EM: ¢-al (07

IV. Benchmark doses for fetal weicht changes 7o

Melzer-Lange, M; Walsh-Kelly, €. (1089) Ny
in glucose-6-phosphate dehydrog :nase. Pedigir o

“ Wiurata, T; Denda, A; Marayama. H: ¢t al, (1697 < 1 . -

methylnaphthalene in B6C3IF1 mice Fundam Angi

Murata, Y; Denda, A; Maruyama. H: eral (1557, 1.
methylnaphthalene in B6C3F1 mice Fundaru A -

http://www.epa.gov/cgi-bin/epeprinto - Iy.co

it Frotection Agency

rese comments s included 1 an appendix to
« erv Information on the Integrated Risk
iy, exit te the toxicoiogical review,

iy Comments (PDE).

A sasessment or IR7S -n general, at (202)566-

o2 et address).

son=e assersments for developriental toxicity: 11
undar App! Texice! 23:487-495,

©one assessments for devziopmental toxicity:

s sischronic toxicity study: Naphthalene
'2r NTP Subcontract No. 76-34-106002.
1. 202)566-1676.

i ouschrenic toxicity study: Naphthalene
~dder NTP Subcontract No, 76-34-106002.

e oo 2-miethynephthalene metabolism to
410,

copanse assessments for developmental toxicity:

Taricol 26:211-222.

vd Berolysis in a black Jemale toddler deficient
P20,

ol on carcinogenicity studies of 1-
sy

ity ond carcinogenicity studies of 2-
cu(e3,

Page 14 of 20

1/13/2004



Naphthalene (CASRN 91-2C-3}, IRIS. L o Protection Agency Page 15 0f 20

National Toxicology Program (NTP). (1991} Uruii e v e cevelopmental toxicity of naphthalene (CAS
no. 91-20-3) in Sprague Dawley (C13) raty #7 LR + “echinical Repor: (NTIS/PRO2-135623).

4, JA. (1989) Relationship betweer exposire .« vpehts glucose-d-phosphate dehydrogenase
deficiency and neonata! jaundice in Nigeria. Acia “r: oo

78(6):848-852.

Owa, JA; Izedonmwen, OF; Ogundaini, AO: of = b Hative anelvsis of 1-naphthol in urine of

neonates exposed to mothballs: the vaive in inf or. “ived anasmia. Afr T Med Sci 22:71-76.

Shopp, GM; White, KL, Jr.; Holsepple. MP:etad ! .o ihalene toxicity in CD-1 mice: general
toxicology and immunotoxicology. Fusdern Ao o St ) A06-419,

U.S. Environmental Protection Agzncy ‘US F7 1o twater quality criteria for naphthalene.
Prepared by the Office of Health and Pnvironmn.. oot tavirenmental Criteria and Assessment
Office, Cincinnati, OH., for the Office »f Water oy - il incdards, Washington, DC. EPA/440/5-80-

059. NTIS PB81-117707.

U.S. EPA. (1986) Health and envireamental effo - 0 Donenihalene. Environmental Criteria and
Assessment Office, Office ot Health asd Lavivowoer o8 e Office of Research and Development,
U.S. Environmental Protection Agenecy Cinctniy CEAB00 X-86724 1 NTIS/PB88-24238.
U.S. EPA. (1987a) Summary review of healttrelts i ~: « oo vwith naphthalens: health issue assessment.

Office of Health and Environmental Assessment. i o0 eontan Criteria and Assessment Office, Research
Triangle Park, NC. EPA/600/8-87/055F.

U.S. EPA. (1988) Health effects assessment for nan-—oo0 - e ‘ronmental Criteria and Assessment Office,

7 %¥ice of Health and Environmen‘al Assessment. 34 ¢ =azzreh and Development. U.S. Environmental
tection Agency, Cincinnati, Olx 452¢8. EPA ¢ L NTISPBON-142464.

U.S. EPA. (1998) Toxicoiogical review tor rap™.iv i iz onling at b ww s epiL gov/Irs.

_VL.B. Inhalation RfC Eefererces

ACGIH. (1986) Documentation of the ihreshoic horin i oul ological exposure indices. Sthed.
Cincinnati, OH: American Conference o! Gove 1

e Adygienists.

Adkins, B, Jr.; Van Stee. EW: Sinunons, 17, ot soearr response of stran AJJ mice to inhaled

chemicals. J Toxicol Environ Health 17(2-3):3 ¢

Buckpitt, AR. (1982) Comparatis ¢ o zhemist o © s Part I naphithalene fung toxicity. Prepared

for Air Force Aerospace Medical Rescarch Labovoo C-Patierson Air Foree Pase, OH. AFAMRL-TR-

82-52. p. 25-30.

Bushy Run Research Center. (1984) Naphthzlere o 1 foaom toxicity study. TSCATS/203984, EPA/OTS

Doc no. 86-870000558.

National Toxicology Program (NTP). (19923} 1o o carvinogenesis studies of naphthalene in
~™AC3F1 mice (inhalation studies). Technical Zove ¢ . - 7 1 2 MIH Pablication Mo, 92-3141.

O'Brien, KAF; Smith, LL; Cohen, GM. (1985) i} {1+ | - naphthalene-induced toxicity in the mouse and

rat. Chem Biol Interact 55(1-2):109-122
O'Brien, KAF; Suverkropp, C: Kanekal. S;etal. 2 168 7 orree to multiple doses of the pulmonary toxicant,

http://www.epa.gov/cgi-bin/enaprintonl - 1/13/2004



Naphthalene (CASRN 91-20-3). IRIS. Fn: i
naphthalene. Toxicol Appl Pharmacol 99(3):<87- 5,

P*~nper, CG; Suverkropp. C: Morin. I} et al. {199

_toxicity. I. Histopathclogic cemparison of tie v - =

1

administration of naphthalene. ] Pharmazol Exp 71 i

Tong, SS; Hirokata, Y: Trush. MA: eta’. (1931, 1
function oxidase activity by naphthalene. Bicche i

U.S. Environmental Protection Azency (L.S. ePAs
Prepared by the Office of Health and Envirourazie. .
Office, Cincinnati, OH, for the Office of Water Reo i
059. NTIS PB81-117707.

U.S. EPA. (1986) Health and eavironmental eflecis ot 1
Environmental Assessment, Envizonmental Criieria o
86/241. NTIS/PB88-24238.

U.S. EPA. (1987a) Surnmary review of acalth ¢itecr
Office of Health and Environmental Assessmer: i
Triangle Park, NC. EPA/600/8-87/055¢F.

U.S. EPA. (1988) Health etfects assessment for ray's
Office of Health and Environmental Assessmont. O or
Protection Agency, Cincinnati. O 45268, EP A/~

U.S. EPA. (1994) Methods for devivation of inbiiatic
dosimetry. Office of Health and Fnvironmental A sso:
“aghington, DC. EPA/600/8-90/06AF .

U.S. EPA. (1998) Toxicological review for nep :het. -

_VLC. Carcinogenicity Assessment Referan

Adkins, B; Van Stee, EW:; Simmaons, JE; ot al. {198¢
chemicals. J Toxicol Environ Health 17:311-322.

Amacher, DE; Turner, GN. (1982) Mutageuic sl
L5178Y/TK assay utilizing postmitochondrial “actic

Arfsten, DP; Davenport. R; Schaefer DJ, (1904 R -, -+
luminescent state upon exposure L Organic Guiny o
7:144-149.

Barfknecht, TR; Naismith. RW: Matthews R (1957
311-TX-008-85. 5601-56-1 (unpublist2d mat:r ). ¥
Submitted to Texaco, lnc.. Beacor, NY. Subriizted 1
Microfiche No. 0TS0513638.

P0s, RP; Theuws, JL; Jongeneelzw. FI- a1, (1 298y
«...drocarbons in the taped-plate assay and in the son .
204:2033-206.

Boyland, E; Busby, ER; Dukes, CF: et al. (1964 Fur ..
urinary bladder of mice. Br J Cancer 18:575-5%1

http://www.epa.gov/cgi-bin/epar -inton! . oy

¢

i

.« Protection Agency

3

AN

LY

: and irhibiten of pulmonary mixed-
LreCommua 100(3):944-950.

L bitzat water quality criteria for naphthalene.
wooon, knvironmental Criteria and Assessment
w0 Stendards, Washington, DC. EPA/440/5-80-

o resithalene. Otfice of Health and
~sraent Office. Cincinnati. OH. EPA/600/X-

1.1 with naphthalene: health 1ssue assessment.
<1a¢ Criteria and Assessment Oftice, Research

rsironmental Criteria and Assessment Offfice,
B oscarcty and Development. U.S. Environmental
fq NTIS/PB90-142464.

o concenirations and ap plication of inhalation

3 Imvironmental Protection Agency,

bie enbine at oy www.epa.gov/is.

< response of strain A/J mice to inhaled

ritozens and non-carcincgens in the

©toms potmal rat liver. Mutat Res 97:49-65.

- Holiminescent bacteria (Mutatox ™) to their

¢ tos, and metal salts, Biomed Environ 8ci

<oty e primary culture/DNA repair test. PH

: boeeacch International, Inc.. "Waverly, PA.
ool Texaco, Ine. Office of Toxic Substances

oy ol bi-, - and tetrecvelic aromatic
= wonella mutagenicity assay. Mutat Res

Jviments on implantation of materials into the

1p ol evtochrome P-450 activity to Clara cell
1aci of mice, rats and hamsters after parenteral

Page 16 of 20

1/13/2004



Naphthalene (CASRN 91-20-3), IRIS, Frvirei

Buckpitt, AR. (1982) Comparativa biochemisir an
for Air Force Aerospace Medical Rescarch _aborat
82-52. p. 25-30.

Connor, TH; Theiss, JC: Hanna, HA; ot ai. (19154
air of mobile homes. Toxicol Lett 25:33-40.

Delgado-Rodriguez, A; Ortiz-Marttelo. R: Geal, U o -

important polycyclic aromatic hyvdrocarbons ane ther »

melanogaster. Mutat Res 341:235-247

Florin, L., Rutberg, L; Curvall, M: et al. (1080) %ere
the Ames test. Toxicolog: 18:219.232.

Flowers-Geary, L; Bleczinski. W Harvey, RGO =g
aromatic hydrocarbons (PAH) o-quinonay proc o’
Cancer Res 35:A965.

Freeman, AE; Weisburger, EK; Weishurger, Jt et o'+ 7

of the carcinogenic potential of cl-emicals, J Meri Cor

o Protection Agency

Page 17 of 20

"1t 11 naphthalene lung toxicity. Prepared
e neerson Atr Force Base, OH. AFAMRL-TR-

~ v of organic cheraicaly frequently found in the

<5y Csenotoy ic activiry of environmentally

~mvatives in the wing spot test of Drosophila

Lo bace smoke constituents for mutagenicity using

wroxdeity and mutagenicity of polycyclic

ondied dehvdrogenase. Proc Ann Meet Am Assoc

Gocke, E; King, M-T; Eckhardt. K; et «f, (195 Moo

European communities. Mutat Res 90:61-10¢.

Godek, EG; Naismith, RW; Matthews, RJ. (1953) £,
(unpublished material). Pharmekon Research Intem:
Beacon, NY. Submitted to U.S. FPA bv Texac Inn 0
OTS0513637.

«_ Alahon, LS; Iyer, P; Martin, JT; et al. (1990 C'hrey
naphthalene. Toxicologist 10:274

Harper, BL; Ramanujam, VMS: Gad-1-Kartm MV -
benzene clastogenicity. Mutat Res 128:105-1 14,

Hossack, DIN; Richardscu, JC. {1977} Examis on
using the micronucieus test. Experientia 33:377-576.

Ijiri, I; Shimosato, K; Ohmae, M: et al. { (9571 2 ce -
Med 41(1):52-55.

Knake, E. (1956) Weak tumor producing effect (£ 21

Physiol 329:141-176. (Ger.)

La Voie, EJ; Dolan, S: Little, P: et al. {1988} Carcu
benzoquinolines in newborn mice and rats. F 501 Ch

McCann, J; Choi, E; Yamasak:. E: et al. (1975 Detoolc o oo

Salmonella/microsome tes:: assay of 300 chennicals.

Mersch-Sundermann, V; Mochavedi. S; Kevek wrdes,

nitrated polycyclic aromatic hydrocarsens. Anaticarc -+ -

Murata, T; Denda, A; Maruyama. H: ctal. (1992)¢<
sthylnaphthalene in B6C3F1 mice. Fundam A

Murata, Y; Denda, A: Maruyama. {1 et al. (1097 ¢
methylnaphthalene in B6C3F1 mice. 36:91-0% 10§

http://www.epa.gov/cgi-bin/coaprintoni .oy

ppl b

fil

Y rane tormation of cell cultures as an indication

700,808

“of cosmetics ingredients licensed by the

sonella/micresome plate test (EPA/OECD)

o Wweverly, PAL Submitted to Texaco, Inc,

“1onie Substances Microfiche No.

tdamage to preimplantation embryos in vitro by

'Gey The influence of simple aromatics on

Lopn proiagenicity o7 hair dye constituents

fedealt frou naphthalene poisoning. Jpn J Legal

s benzene. Virchows Arch Pathol Anat

oi jumoline, 4- and 8-methylquinoline and

201025-629.

accindgans as mutagens m the
PAved Sei 72:5135-513¢,

© - ©93) The genctoxicity of unsubstituted and

PR yT2044,

- and carcinogenicity studies of 1-

1 nd carcinegenicity studies of 2-

1/13/2004



Naphthalene (CASRN 91-20-3), IRIS. Foave oo Protociion Agency
Nakamura, S; Oda, Y; Shimada, T: ¢t al. (1087

qv.civite of chemical carcinogens and mutagens

in Salmonella typhimurium TATS3S DS 10 oxe 0 0 o0 70051 chemicals. Mutat Res 192:239-246.
yonne, JF; Cassand, P; Alzieu, P: et al. (1987) Su u ity relationships of the N-methylcarbamate

N

sciies in Salmonella typhimuriun, Mutat Res 107:2]

National Toxicology Program (NTP). (1992a) Techrro < =v: 1 an che Toxicology and Carcinogenesis Studies
of Naphthalene (CAS No. 91-20-2) in BAU3F 1 Mice. » Lt er stadies). DHHS, PHS. NIH, Rockville, MD.
Probst, GS; Hill, LE. (1980) Chemicaliv-indaced D4 wwathests in primary rat hepatocytes: A
correlation with bacterial mutagenicity. A I S R N R 1)

Rhim, JS; Parks, DK:; Weishurger. K (1974 Vvalae 7 oo ro cssay svstem Tar carcinogens based on
prior infection of rodent cells witl. nontransfornting &+ .o vaas J Natd Cancer Inst 52:1167-1173.

Sakai, M; Yoshida, D: Mizusdki. S. (19855 Mu agen ¢ oo hveyelie aromatic hydrocarbons and quinones on

Salmonella typhimurium TAYT. Mutat Res 136:01-

Schmihl, D. (1955) Examination of the carciao con. v hibalene and antliecene in rats. Z
Krebsforsch 60:697-710.

Sina, JF; Bean, CL; Dysart. GR: et al, {19717 fonju.
predictor of carcinogenic/inutagenic poteniial. Moot

12 elution: -at hepatocyte assay as a

Sorg, RM; Naismith, RW: Maithews. 1] (1983 WM 0 5 et (MNTY OECD (urpublished material).
Pharmakon Research Internationa! Inc.. Waverls P2~ i itio U.S. EPA by Texaco, Inc. Office of Toxic

Substances Microfiche No. OTS0513634

T ~le, MD; Pirmohamed, M; Templeton. E: et al. 7207 1 ineestigation of the formation of eytotoxic,
... LOXIC, protein-reactive and steble metabolites 1 ¢ & “2leas by human Hver microsomes. Biochem
Pharmacol 46:1529-1538.

Tsuda, H; Lee, G; Farber, E. (1980 "nJucrior

Bt s fayter g8 a new principae for a possible short-

term in vivo test for carcinogens. Cencer ggr 401157
U.S. EPA. (1987b) Recommendations for ard docaoy o+ e ieclovdcal vatues for tse in tisk assessment.
Environmental Criteria and Assessment Office. Offic. ~ tovtb and Dnvironmental Assessment, Cincinnati,

OH. EPA/600/6-87-008.

U.S. EPA. (1996, April 23) Proposed guideiines for = v peq -k assessment. Federal Register 61
(79):17960-18011.

U.S. EPA. (1998) Toxicological tcview for napiithale o0 .0 Lbic online at hitp:/'wwiv.epa.gov/iris.
Wilson, AS; Tingle, MD; Kelly. Mi2; cial. (19050 - 2O veneration of genotoxic and cytotoxic
metabolites of benzo[a]pyrene. aflatoxin b e .m v metea sing luman Jiver microsomes and

human lymphocytes. Human Exp Toxizol 50723

VIl. Revision History

k., thalene
CASRN -- 91-20-3
Last Revised -- 09/17/1998

Date Section

,\ Hha

http://www.epa.gov/cgi-bin/epaprinteniy ca.

Page 18 0of 20

1/13/2004



Naphthalene (CASRN 91-20-3), IRIS. Ervir w5 sl Froteclion Agency

12/01/1990 I
12/01/1990 VL
11/1992 V.
“55701/1992 I
09/01/1992 11.D.2
11/01/1993 LA
09/01/1994 LA.
05/01/1995 IL
05/01/1995 IL.D.2.
07/01/1995 1L

08/01/1995 LA, IL,
I1.D2

08/01/1995 II.
08/01/1995 IL.A3.
04/01/1997 oL, Iv., v.

09/17/1998 L IL. VL
01/09/2002 I1.

_Viil. Synonyms

Naphthalene
CASRN -- 91-20-3
Last Revised -- 12/01/19%0

91-20-3
Naphthalene
Albocarbon
Caswell No. 587
Dezodorator

Carcinoges ¢ ssesn o7 Ione
Biblicgraphy onliv
Regulatory 2ot so-bae

Classification et f o i chinge

Worg group revie v

Worl gronp wviv. S

Work group ot e

Pending changen SRERE
< &

Worl: group rovien

Pending chan: el see new note

EPA's RiTwvk -2 oo w0 workgroups were
discontinued A cocd Chendeal substance
reviews thal cere 0 o D hy September
1695 were takan AT review, The IRIS
Pilot Progra=i vept s o werkgroup functions

bhegmnimg e Vep
Note revised

Parcyraph 1o o

Dirinkdner warorjoo. o L5 noties EPA

Reguaiatory ¢ oo Cor e omentery Daia

wers remave s froe L o before April

1907 IRTS vssrs o < iedd 1o the

appronate FoA P ees for this

nformation.

Revieed RIT R Doeretieity assessiients

This chemice! s o v d snder the IRIS Program.

EPA Pesticide Chemical Code 055801

HSDB 184
MOTH BALLS
MOTH FLAKES
Naftalen [Polish]
Naftaleno [Spanish]
Naphtalene [French]
Naphthalene
Naphthalin
Naphthaline
~-Maphthene
. _APTHALENE, molten
'NCI-C52904
NSC 37565
RCRA WASTE NUMBER U155
TAR CAMPHOR
UN 1334

http://www .epa.gov/cgi-bn/epaprintonls o

Page 19 of 20

1/13/2004



Naphthalene (CASRN 91-20-2), IRIS, Ecvive o oonid Frotection Agency Page 20 of 20

UN 2304

WHITE TAR

2e ATOXICOLOGICAL REVIZW is availuble T doarieal in Adobe* PDF format (116 Pages, 786
Kﬁytes). Similar documents can be found in e s b o RIS Toxicological Reviews.
-* Some of the documents providad &0 0 ¥ w2 Adobs Acrobat PDF (Portable Document
Format) files. They can be viewed. and printed. vitt - . " Adobe Acrobat Reader. The Adobe
Acrobat's Reader is available. free. for Windows ™ = i cp 3 1), G842, Unix, and Mac OS operating

systems. Click this bunon te downloac the e ven. 0 8 b Acsobat. The readers are available directly
from Adobe. Fyxi+ £5

Users with disabilities may be using screen reacers t+ v o cempatible with viewing PDFs. A plug-in is
available that will enable screen ez (k stoviev the + s dfermation and to acquire the plug-in, please

go to access.adobe.com.

T
TN T WL R . DERCRRRNRY B8 Ao 230 11 §
ypglaleee oo 0 S dgme | NCEA Home | ORD Home
TEFITILL EENE SR N i | 4 J
EPHe cosno o Security Notice | Cortact Us
Vhis page wes © o ped o Tuesaey, January 13, 2004
View the graphical vession oo 05 cape st http//www,epa.goviis/subst/0436.htm

http://www.epa.gov/cgi-bin/epaprintonly.cci 1/13/2004



