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FOREWORD

The National Toxicology Program (NTP) is made up of four charter agencies of the U.S. Department of
Health and Human Services (DHHS): the National Cancer Institute (NCI), National Institutes of
Health; the National Institute of Environmental Health Sciences (NIEHS), National Institutes of Health;
the National Center for Toxicological Research (NCTR), Food and Drug Administration; and the
National Institute for Occupational Safety and Health (NIOSH), Centers for Disease Control. In July
1981, the Carcinogenesis Bioassay Testing Program, NCI, was transferred to the NIEHS. The NTP
coordinates the relevant programs, staff, and resources from these Public Health Service agencies
relating to basic and applied research and to biological assay development and validation.

The NTP develops, evaluates, and disseminates scientific information about potentially toxic and
hazardous chemicals. This knowledge is used for protecting the health of the American people and for
the primary prevention of disease.

The studies described in this Technical Report were performed under the direction of the NIEHS and
were conducted in compliance with NTP laboratory health and safety requirements and must meet or
exceed all applicable federal, state, and local health and safety regulations. Animal care and use were in
accordance with the Public Health Service Policy on Humane Care and Use of Animals. The prechronic
and chronic studies were conducted in compliance with Food and Drug Administration (FDA) Good
Laboratory Practice Regulations, and all aspects of the chronic studies were subjected to retrospective
quality assurance audits before being presented for public review.

These studies are designed and conducted to characterize and evaluate the toxicologic potential,
including carcinogenic activity, of selected chemicals in laboratory animals (usually two species, rats and
mice). Chemicals selected for NTP toxicology and carcinogenesis studies are chosen primarily on the
bases of human exposure, level of production, and chemical structure. Selection per se is not an
indicator of a chemical’s carcinogenic potential.

These NTP Technical Reports are available for sale from the National Technical Information Service,
U.S. Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161 (703-487-4650). Single
copies of this Technical Report are available without charge while supplies last from the NTP Central
Data Management, NIEHS, P.O. Box 12233, MD A(0-01, Research Triangle Park, NC 27709
(919-541-1371).
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ABSTRACT

NAPHTHALENE

CAS No.

Chemical Formula: C,sHg

Synonyms: Naphthalin, Naphthene, Tar Camphor

Naphthalene, a white, crystalline powder, is used as
a moth repellent and in the manufacture of phthalic
and anthranilic acids, naphthylamines, and synthetic
resins. The 2-year studies were conducted by
exposing groups of male and female B6C3F, mice to
naphthalene (>99% pure) vapor for 6 hours daily,
5 days per week, for 104 weeks. Genetic toxicology
studies were conducted in Salmonella typhimurium
and Chinese hamster ovary cells.

2-Year Studies

Groups of male and female mice were exposed to
atmospheres containing 0 (75 mice per group),
10 (75 mice per group), or 30 ppm (150 mice per
group) naphthalene. Mice from each group were
included for 14-day hematology evaluations (male:
0 ppm, 5 animals; 10 ppm, 4; 30 ppm, 10; female:
0 ppm, 4; 10 ppm, 5; 30 ppm, 10). Mean body
weights of exposed mice were slightly lower than
those of controls throughout the studies. Survival
of male control mice was significantly less than that
of exposed mice; the lower survival was the result of
wound trauma and secondary infections related to

91-20-3

Molecular Weight: 128.16

fighting among the group-housed mice (O ppm,
26170, 37%; 10 ppm, 52/69, 75%; 30 ppm, 118/133,
89%). Survival of exposed female mice was similar
to that of controls (59/69, 86%; 57/65, 88%; 102/135,
76%).

Neoplastic and Nonneoplastic Effects in the 2-Year
Studies

No increase in tumor incidence related to naph-
thalene administration was observed in male mice.
In females, the incidence of pulmonary
alveolar/bronchiolar adenomas was significantly
greater in the high-dose group than in the controls
(5/69, 1%; 2/65, 3%; 28/135, 21%). One other
high-dose female had an alveolar/bronchiolar car-
cinoma. The combined incidence of alveolar/
bronchiolar adenomas and carcinomas in the
high-dose females was above those for control
female B6C3F, mice from NTP feed, water, and
inhalation studies (91/1,166, 7.8%, range 0%-16%).
These lung tumors were attributed to naphthalene

exposure.



Nonneoplastic lesions attributed to naphthalene
exposure were observed in the nose and lungs of
mice of both sexes. In the nose, naphthalene
exposure was associated with an increase in the
incidence and severity of chronic inflammation,
metaplasia of the olfactory epithelium, and hyper-
plasia of respiratory epithelium. Chronic inflam-
mation in the lung was associated with chemical
exposure.

Genetic Toxicology

Naphthalene was negative for the induction of gene
mutations in Salmonella typhimurium strains TA100,
TA1535, TA1537, and TA98 with and without
exogenous metabolic activation (S9). In cytogenetic
tests with Chinese hamster ovary cells, naphthalene
induced sister chromatid exchanges with and without
S9 activation. Exposure to naphthalene induced a
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significant increase in chromosomal aberrations in
Chinese hamster ovary cells in the presence of S9.

Conclusions

Under the conditions of these 2-year inhalation
studies, there was no evidence of carcinogenic activity”
of naphthalene in male B6C3F, mice exposed to
10 or 30 ppm. There was some evidence of carcino-
genic activity of naphthalene in female B6C3F, mice,
based on increased incidences of pulmonary alveolar/
bronchiolar adenomas.

In both male and female mice, naphthalene caused
increased incidences and severity of chronic inflam-
mation, metaplasia of the olfactory epithelium, and
hyperplasia of the respiratory epithelium in the nose
and chronic inflammation in the lungs.

* Explanation of Levels of Evidence of Carcinogenic Activity appears on page 8. A summary of peer review comments and the

public discussion on this Technical Report appears on page 10.



Naphthalene, NTP TR 410

Summary of the 2-Year Carcinogenesis and Genetic Toxicology Studies of Naphthalene

Male B6C3F,; Mice Female B6C3F, Mice

Doses 0, 10, or 30 ppm in the air for 6 hours 0, 10, or 30 ppm in the air for 6 hours
daily, 5 days a week, for 104 weeks daily, 5 days a week, for 104 weeks

Body weights Exposed slightly lower than controls Exposed slightly lower than controls

2-Year survival rates 26/70, 37%; 52/69, 75%; 59/69, 86%; 57/65, 88%;
118/135, 87% 102/135, 76%

Nonneoplastic effects Nose: chronic inflammation (0/70, Nose: chronic inflammation (1/69,
67/69, 133/135), metaplasia of the 65/65, 135/135), metaplasia of the
olfactory epithelium (0/70, 66/69, olfactory epithelium (0/69, 65/65,
134/135), hyperplasia of respiratory 135/135), hyperplasia of respiratory
epithelium (0/70, 66/69, 134/135) epithelium (0/69, 65/65, 135/135)
Lung: chronic inflammation (0/70, Lung: chronic inflammation (3/69,
21/69, 56/135) 13/65, 52/135)

Neoplastic effects None Lung: alveolar/bronchiolar adenomas (5/69,

2/65, 28/135) and alveolar/bronchiolar
carcinomas (0/69, 0/65, 1/135)

Level of evidence
of carcinogenic activity No evidence Some evidence

Genetic toxicology

Salmonella typhimurium gene mutation: Negative with and without S9 in strains TA100, TA1535, TA1537, and TA98
Sister chromatid exchange
Chinese hamster ovary cells in vitro: Positive with and without S9

Chromosomal aberrations
Chinese hamster ovary cells in vitro: Positive with S9
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EXPLANATION OF LEVELS OF EVIDENCE OF CARCINOGENIC ACTIVITY

The National Toxicology Program describes the results of individual experiments on a chemical agent and notes the strength of the
evidence for conclusions regarding each study. Negative results, in which the study animals do not have a greater incidence of
neoplasia than control animals, do not necessarily mean that a chemical is not a carcinogen, inasmuch as the experiments are
conducted under a limited set of conditions. Positive results demonstrate that a chemical is carcinogenic for laboratory animals
under the conditions of the study and indicate that exposure to the chemical has the potential for hazard to humans. Other
organizations, such as the International Agency for Research on Cancer, assign a strength of evidence for conclusions based on an
examination of all available evidence including: animal studies such as those conducted by the NTP, epidemiologic studies, and
estimates of exposure. Thus, the actual determination of risk to humans from chemicals found to be carcinogenic in laboratory
animals requires a wider analysis that extends beyond the purview of these studies.

Five categories of evidence of carcinogenic activity are used in the Technical Report series to summarize the strength of the
evidence observed in each experiment: two categories for positive results (clear evidence and some evidence); one category for
uncertain findings (equivocal evidence); one category for no observable effects (no evidence); and one category for experiments that
because of major flaws cannot be evaluated (inadequate study). These categories of interpretative conclusions were first adopted in
June 1983 and then revised in March 1986 for use in the Technical Reports series to incorporate more specifically the concept of
actual weight of evidence of carcinogenic activity. For each separate experiment (male rats, female rats, male mice, female mice),
one of the following quintet is selected to describe the findings. These categories refer to the strength of the experimental

evidence and not to potency or mechanism.

¢ Clear evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a dose-related
(i) increase of malignant neoplasms, (ii) increase of a combination of malignant and benign neoplasms, or (iii) marked
increase of benign neoplasms if there is an indication from this or other studies of the ability of such tumors to
progress to malignancy.

¢ Some evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a chemical-related
increased incidence of neoplasms (malignant, benign, or combined) in which the strength of the response is less than
that required for clear evidence.

+ Equivocal evidence of carcinogenic activity describes studies that are interpreted as showing a marginal increase of
neoplasms that may be chemical related.

¢ No evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing no chemical-related
increases in malignant or benign neoplasms.

¢ Inadequate study of carcinogenic activity is demonstrated by studies that because of major qualitative or quantitative
limitations cannot be interpreted as valid for showing either the presence or absence of carcinogenic activity.

When a conclusion statement is selected for a particular experiment, consideration must be given to key factors that would extend
the actual boundary of an individual category of evidence. This should allow for incorporation of scientific experience and current
understanding of long-term carcinogenesis studies in laboratory animals, especially for those evaluations that may be on the
borderline between two adjacent levels. These considerations should include:

adequacy of the experimental design and conduct;

occurrence of COMMOR Versus uncommon neoplasia;

progression (or lack thereof) from benign to malignant neoplasia as well as from preneoplastic to neoplastic lesions;
some benign neoplasms have the capacity to regress but others (of the same morphologic type) progress. At present,
it is impossible to identify the difference. Therefore, where progression is known to be a possibility, the most prudent
course is 1o assume that benign neoplasms of those types have the potential to become malignant;

¢ combining benign and malignant tumor incidences known or thought to represent stages of progression in the same
organ or tissue;

latency in tumor induction;

multiplicity in site-specific neoplasia;

metastases;

supporting information from proliferative lesions (hyperplasia) in the same site of neoplasia or in other experiments
(same lesion in another sex or species);

presence or absence of dose relationships;

statistical significance of the observed tumor increase;

concurrent control tumor incidence as well as the historical control rate and variability for a specific neoplasm;
survival-adjusted analyses and false positive or false negative concerns;

structure-activity correlations; and

in some cases, genetic toxicology.
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PEER REVIEW PANEL

The members of the Peer Review Panel who evaluated the draft Technical Report on the inhalation studies on naphthalene on
March 11, 1991, are listed below. Panel members serve as independent scientists, not as representatives of any institution,

company, or governmental agency. In this capacity, Panel members have five major responsibilities:

to ascertain that all relevant literature data have been adequately cited and interpreted,

to determine if the design and conditions of the NTP studies were appropriate,

to ensure that the Technical Report presents the experimental results and conclusions fully and clearly,
to judge the significance of the experimental results by scientific criteria, and

to assess the evaluation of the evidence of carcinogenic activity and other observed toxic responses.

National Toxicology Program Board of Scientific Counselors

Technical Reports Review Subcommittee

Daniel S. Longnecker, M.D., Chair
Department of Pathology
Dartmouth Medical School
Hanover, NH

Paul T. Bailey, Ph.D., Principal Reviewer
Toxicology Division
Mobil Oil Corporation
Princeton, NJ

Ad Hoc Subcommittee Panel of Experts

Louis S. Beliczky, M.S., M.P.H.
Department of Industrial Hygiene
United Rubber Workers International Union
Akron, OH

Gary P. Carlson, Ph.D., Principal Reviewer

Department of Pharmacology and Toxicology
Purdue University
West Lafayette, IN

Harold Davis, D.V.M., Ph.D., Principal Reviewer
School of Aerospace Medicine
Brooks Air Force Base, TX

Robert H. Garman, D.V.M.

Consultants in Veterinary Pathology
Murrysville, PA

* Did not attend

Jay I. Goodman, Ph.D.
Department of Pharmacology and Toxicology
Michigan State University
East Lansing, MI

Ellen K. Silbergeld, Ph.D.*
University of Maryland Medical School
Environmental Defense Fund
Baltimore, MD

David W. Hayden, D.V.M, Ph.D.
Department of Veterinary Pathobiology
College of Veterinary Medicine
University of Minnesota
St. Paul, MN

Curtis D. Klaassen, Ph.D.
Department of Pharmacology and Toxicology
University of Kansas Medical Center
Kansas City, KS

Barbara McKnight, Ph.D.
Department of Biostatistics
University of Washington
Seattle, WA

Lauren Zeise, Ph.D.

California Department of Health ServicessRCHAS
Berkeley, CA
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SUMMARY OF PEER REVIEW COMMENTS

On March 11, 1991, the draft Technical Report on
the toxicology and carcinogenesis studies of
naphthalene received public review by the National
Toxicology Program Board of Scientific Counselors’
Technical Reports Review Committee and associated
Panel of Experts. The review meeting was held at
the National Institute of Environmental Health
Sciences, Research Triangle Park, NC.

Dr. K.M. Abdo, NIEHS, introduced the toxicology
and carcinogenesis studies of naphthalene by discuss-
ing the chemical and rationale for the study,
describing the experimental design, reporting on
survival and body weight effects, and commenting on
compound-related neoplasms and nonneoplastic
lesions in mice. The proposed conclusions were no
evidence of carcinogenic activity in male B6C3F,; mice
and some evidence of carcinogenic activity in female
B6C3F, mice.

Dr. Carlson, a principal reviewer, agreed with the
conclusions. He asked for clarification of the
incidence of inflammation. Dr. M.M. McDonald,
NIEHS, explained that there were animals with
inflammation and other animals characterized with
a more extensive inflammatory response called
granulomatous inflammation; therefore, there was no
real overlap. Dr. Carlson suggested that the
extensive work of Alan Buckpitt and coworkers on
naphthalene metabolism and toxicity should be
reviewed and mentioned since these studies may
help in understanding any tie between metabolism
and inflammation in the lung. Dr. Abdo said he
was familiar with some of this work and would cite
it (page 12).

Dr. Davis, the second principal reviewer, agreed with
the conclusions, but asked why the conclusion in
female mice was not clear evidence. Dr. Abdo said
the level of some evidence was chosen in part
because all but one of the lung tumors were benign.

Dr. Davis asked whether there was information on
metabolites of naphthalene in humans. Dr. Abdo
said he would cite information on human metab-
olism in the report (page 12).

Dr. Bailey, the third principal reviewer, agreed with
the conclusions. He said that an explanation should
be given for the absence of cataractogenesis in view
of background information indicating such effects in
mice. Dr. G.N. Rao, NIEHS, said B6C3F,; mice
were responsive at the Ah locus. (A report in the
literature with nine inbred mouse strains exposed to
naphthalene indicated cataracts developed only in
responsive strains.) Dr. Rao commented that in the
current studies exposure may not have been
adequate for a cataractogenic effect since the
animals often closed their eyes during exposure
periods.

Dr. Hayden said inhalation exposure seemed to be
appropriate based on types of human exposure.
Thus, since previous studies with naphthalene in rats
have been by other routes of administration, he
proposed that a future study in rats by inhalation
could be useful. Dr. Zeise said she disagreed with
discounting the relationship of hemangiosarcomas in
females to naphthalene exposure because they
occurred at various sites. Dr. J.K. Haseman,
NIEHS, noted that the main reason for discounting
them was that the incidence in the high-dose group
(4%) was similar to the mean historical control
value.

Dr. Carlson moved that the Technical Report on
naphthalene be accepted with the revisions discussed
and the conclusions as written for male mice, no
evidence of carcinogenic activity, and for female mice,
some evidence of carcinogenic activity. Dr. Davis
seconded the motion, which was accepted
unanimously with 10 votes.
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INTRODUCTION

NAPHTHALENE

CAS No.

Chemical Formula: C,oHy

Synonyms: Naphthalin, Naphthene, Tar Camphor

PHYSICAL AND CHEMICAL PROPERTIES
Naphthalene is a white, crystalline powder with a
characteristic odor. Naphthalene has a boiling point
of 217.9° C, a melting point of 80.2° C, a specific
gravity of 1.14 at 4° C, a vapor pressure of 1 mm at
52.5° C, and vapor density of 4.4. It is insoluble in
water (3 mg/100 mL), slightly soluble in methanol
and ethanol (4.2 g/100 mL), soluble in benzene
(40.2 g/100 mL), and very soluble in ether, chloro-
form, and carbon disulfide (50 g/100 mL). Naph-
thalene is commercially prepared from coal tar by
fractional distillation or by sublimation (Merck Index,
1983).

PRODUCTION, USE, AND HUMAN
EXPOSURE

United States production of naphthalene in 1984
was 280 million pounds (RTECS, 1990). Naph-
thalene is used in the manufacture of phthalic and
anthranilic acids, naphthols, naphthylamines, sulfonic
acid, synthetic resins, celluloid, lampblack, smokeless
powder, and hydronaphthalenes. It is used as an

91-20-3

Molecular Weight: 128.16

insecticide, antiseptic, and vermicide (Merck Index,
1983). It is also an ingredient in various
commercial moth repellents and toilet bowl cleaners
(Gosselin et al., 1976). A 0.2% solution in combi-
nation veterinary topical antiseptic is used for
irrigating wounds; 1% solutions are used on
neglected wounds. Naphthalene is also used exter-
nally on livestock and poultry to control lice
(Rossoff, 1974).

From a survey conducted between 1981-1983,
NIOSH estimated 112,696 workers, about 4.6%
females, in 31 major industrial groups were poten-
tially exposed to naphthalene. The top six indus-
tries, by total workers, accounted for over 50% of
the total workers potentially exposed to naph-
thalene. Also, the petroleum and coal products and
oil and gas extraction industries were among the top
three industries and comprised about 21.4% of the
workers potentially exposed to naphthalene. An
estimated 1,838 agricultural services workers were
exposed to naphthalene; over 87% were females
(NIOSH, 1990).
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ENVIRONMENTAL OCCURRENCE

Naphthalene has frequently been detected in water
samples from the United States (Shackelford and
Keith, 1976). A concentration of 1 ng/L. was
detected in tap water from the District of Columbia
in 1974 (Scheiman et al, 1974). The highest con-
centration detected in potable water by the Environ-
mental Protection Agency was 1 ug/L. (EPA, 1975).
Naphthalene has also been detected in tap water
from Waterloo, Iowa, although no levels were
reported (Burnham er al, 1973). The EPA has
detected naphthalene in industrial effluent discharges
from pesticide manufacture, petroleum refining, and
nylon production; the level detected in petroleum
refining effluent was 53 ug/L. (Keith and Hercules,
1973; Webb et al, 1973). Concentrations from
0.1 to 3.4 ug/kg were detected in tissue of fish from
the Charles River in Boston (Hites and Biemann,
1972) and an unspecified concentration was detected
in fish tissue from the Escambra River in Florida
(Keith and Hercules, 1973).

The current Occupational Health and . Safety
Administration (OSHA) limit for naphthalene is
10 ppm in the air per 8-hour work shift (NIOSH,
1981). The American Conference of Governmental
Hygienists reports that the odor threshold for
naphthalene is at least as low as 0.3 ppm (ACGIH,
1989).

ABSORPTION AND METABOLISM

Naphthalene is readily absorbed when inhaled
(Clayton and Clayton, 1982); it is also absorbed
orally,. This compound was readily absorbed by
tissues of laying pullets (0.443 mg), swine (2.46 mg),
and dairy cattle (30.69 mg) after oral intubation of
a single dose or 31 daily doses (0.036, 0.112, and
5.115 mg). The adipose tissue, kidney, liver, and
lung of pullets had the highest naphthalene levels
after a single dose, and the kidney had the highest

Naphthalene, NTP TR 410

level after 31 daily doses. In swine, adipose tissue
had the highest level of naphthalene after a single
dose¢ and lung tissue had the highest level after
31 daily doses. In cattle, the liver had the highest
levels after both treatments (Eisele, 1985).

Thirty minutes after instillation of 100 nmol of
“C-naphthalene into a closed rat intestinal loop,
84% was recovered unmetabolized from portal blood
and only 1% was found in the luminal contents
(Bock et al., 1979). After an intraperitoneal injec-
tion of 100 mg/kg of naphthalene in rats, 20% to
30% was excreted in the urine and 5% to 10% in
the bile. Of these excretions, 70% to 90% were in
the form of acid conjugates (Clayton and Clayton,
1982). Naphthalene was not detected in fecal
excretion of rats given 535 or 770 mg of the com-
pound in the feed or 100 mg by stomach tube
(Chang, 1943), suggesting that the compound was
readily absorbed by rats.

An epoxide intermediate was postulated as the
initial metabolite, with subsequent conversion to the
trans-1,2-diol and other products (Sims and Grover,
1974).  Support for this mechanism was first
provided by Jerina er al (1970) who demonstrated
the formation of 1,2-naphthalene oxide from naph-
thalene in a microsomal system. Naphthalene was
shown to be bioactivated by cytochrome P, to
electrophilic intermediates, which were subsequently
metabolized to naphthoquinones and possibly to free
radical intermediates (Buckpitt and Warren, 1983;
Doherty et al, 1985). In more recent studies,
naphthalene was found to be biotransformed to
dihydrodiol and 3-glutathinone conjugates by a
human lung microsomal fraction in the presence of
glutathiase and glutathione transferase (Buckpitt and
Bahnson, 1986). Table 1 shows some of the
metabolites identified in the urine of various species
(Williams, 1959). The metabolic pathway for
naphthalene suggested by Bock er al (1976) is
presented in Figure 1.
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Metabolites of Naphthalene Identified in the Urine of Various Species®

Rat Mouse Rabbit Guinea Pig

1-Naphthol + + +
1-Naphthylsulfuric acid + + +
1-Naphthylglucuronide - + +
2-Naphthol + + +
1,2-Dihydroxynaphthalene - - +
2-Hydroxy-1-naphthyl-sulfuric acid NT NT + NT
1:2-Dihydronaphthalene-1:2-diol + + +
1,2-Dihydro-2-hydroxy-

1-naphthylglucuronide - + -
1:2-Dihydro-1-naphthyl-

glucuronide NT + NT
1-Naphthylmercapturic acid - + -
2} = metabolite present; — = metabolite not present; NT = species not tested for this metabolite; Williams, 1959

GS.

(1): MONGOXYGENASE

(i): EPOXIDE HYDRATASE

(t): UDP-GLUCURONYLTRANSFERASE
(IV): GLUTATHIONE~S~TRANSFERASE
(V): DIHYDRODIOL DEHYDROGENASE
(M) SULFOTRANSFERASE

GS:  GLUTATHIONYL

FIGURE 1
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———me=  GLUCURONIDE
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) e GLucuRONDE
(}\ SULFATE ESTER

Metabolism of Naphthalene in Hepatocytes (from Bock ef al, 1976)



14

TOXICITY

Human Toxicity

Effects of naphthalene inhalation in humans include
headache, confusion, eye irritation, nausea, profuse
perspiration with vomiting, optic neuritis, hematuria,
and edema. Naphthalene ingestion has resulted in
abdominal pain, nausea, vomiting, diarrhea, darken-
ing of the urine, irritation of the bladder, jaundice,
anemia, and hyperthermia (Gerarde, 1960).

A pharmacist ingesting 5 g of naphthalene
developed blindness and  bilateral cataracts
(Lezenius, 1902). Occupational exposure to pow-
dered naphthalene resulted in cataracts, retinal
hemorrhage, and chorioretinitis in two workers (Van
der Hoeve, 1906). Cataracts were diagnosed in 8 of
29 chemical plant workers exposed to naphthalene
for 5 years, with a greater incidence noted among
younger workers (Ghetti and Mariani, 1956).

Naphthalene poisoning has produced hemolytic
anemia in children (Zuelzer and Apt, 1949; Dawson
etal, 1958, Zinkham and Childs, 1958;
Santhanakrishnan et al, 1973) and adults (Taylor
and Russell, 1932; Konar et al, 1939). Individuals
with decreased glucose-6-phosphate dehydrogenase
activity are particularly susceptible to this effect
(Haddad and Winchester, 1983; Melzer-Lange and
Walsh-Kelly, 1989). Notable features of the hemo-
lytic anemia included Heinz-body formation, hemo-
globinuria, and decreases in hemoglobin, hematocrit,
and red blood cell count. The hemolytic anemia
was followed by renal failure (MacGregor, 1954;
Gidron and Leurer, 1956). A case of aplastic
anemia was reported in a woman exposed to vapors
of dichlorobenzene and naphthalene, but the asso-
ciation is uncertain due to the lack of other substan-
tiating reports (Harden and Baetjer, 1978).

Animal Toxicity

The oral LD, value for naphthalene is 490 mg/kg
for rats. LDy, values for mice are 533 mg/kg (oral),
969 mg/kg (subcutaneous), 100 mg/kg (intravenous),
and 100 mg/kg (inhalation) (Union Carbide, 1965;
RTECS, 1983).

Daily oral administration of 1 g/kg to rabbits led to
degenerative changes in the lens of the eye, initially
observed as swelling of the peripheral portion of the
lens. Within 2 weeks the whole lens became
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cataractous (Potts, 1986). Van Heyningen and
Pirie (1976) reviewed cataract formation in rats and
rabbits resulting from naphthalene administration
and concluded that, although the toxic agent in both
species is the liver metabolite 1,2-dihydroxynaph-
thalene, different metabolic routes are involved:
phenol oxidase in rats and catechol oxidase in
rabbits. This is consistent with the observations that
the pigmented strain of rats was more susceptible
to cataract formation than the albino strain since
polyphenol oxidase is found only in the pigmented
strain. Albino and pigmented rabbits responded
similarly to naphthalene (Koch and Doldi, 1975).
The strain difference observed in rats also appears
to occur in mice. Shichi et al (1980) have reported
correlations between the Ah® allele and cataract
formation in nine inbred mouse strains (four
responsive at the Ah locus and five nonresponsive),
with cataracts developing only in the responsive
strains. Animals were exposed concomitantly to
p-naphthoflavone for the induction of total body
cytochrome P, during daily administration of 60 to
120 mg/kg in a 60-day study. A study conducted
with biochemical probes on male C57BL/6J mice
suggests naphthalene cataractogenesis requires P,
bioactivation to a reactive metabolite (possibly a
naphthoquinone), a free radical derivative, or a
combination of both (Wells et al, 1989). In these
studies, a pretreatment of mice with SKF-525A or
a-phenyl-N-butylnitrone in addition to treatment
with vitamin E or caffeic acid inhibited naphthalene
cataractogenicity, while pretreatment with pheno-
barbital or with diethyl-maleate enhanced naph-
thalene cataractogenicity.

Hemolytic anemia was observed in dogs given oral
doses of 3 to 9 g of naphthalene (Zuelzer and Apt,
1949). All hematological values returned to normal
50 days after administration.

Pulmonary necrosis was observed in rats and mice
given intraperitoneal injections of naphthalene.
Naphthalene accumulated in the lungs of rats and
mice after a single intraperitoneal injection (Reid
et al., 1973). Mice given a single intraperitoneal
injection of 0.5, 1, or 2 mmol/kg showed dose-
related necrosis of the bronchiolar epithelium
(Mahvi ez al, 1977). This lesion was reversible and
regeneration occurred after 7 days. Necrosis of the
bronchial epithelial (Clara) cells occurred in the
lungs of mice given a single intraperitoneal injection
of 125 or 250 mg/kg naphthalene (Tong er al., 1981).
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Rats are more tolerant to naphthalene toxicity than
mice. An intraperitoneal injection of 400 or
600 mg/kg in mice damaged the Clara cells in the
lung and proximal tubule epithelial cells of the
kidney. In contrast, an intraperitoneal injection of
1,600 mg/kg to rats did not produce any damage in
the lung or the kidney (O’Brien et al, 1985). The
difference in susceptibility was attributed to the
variation in the metabolic rate of the two species.
It was found that the covalent binding and
metabolism of naphthalene were 10% greater in
microsomes prepared from mouse lung than those
prepared from rats.

In vivo studies with target cell explants from
sensitive species (mice) and nonsensitive species
(rats and hamsters) showed that the cells obtained
from mice contain a unique P, enzyme capable of
stereospecific metabolism of naphthalene to 1R,2S-
naphthalene oxide; 1R,2S-naphthalene epoxide was
not detected. Cells from rats and hamsters
metabolized naphthalene to these two metabolites
with the latter metabolite predominant (Chang
et al, 1991). Tolerance to pulmonary toxicity was
observed in mice upon repeated dosing with
naphthalene. Mice given a single intraperitoneal
injection of 50, 100, or 200 mg/kg showed swelling
of Clara cells with some exfoliation of epithelial
cells, necrosis, and swollen cells with pyknotic
nuclei. The severity of these lesions was dose
dependent. Airways of mice receiving the same
doses once a day for 7 days were essentially similar
to controls. The increased tolerance resulting from
multiple dosing was attributed to the selective
decrease in the formation of 1R,2S-naphthalene
oxide by mouse lung but not liver microsomal
enzymes (O’Brien et al, 1989).

Other Effects

A single intraperitoneal injection of naphthalene
(1 g/kg) caused ammonia accumulation in the brains
of rats. The accumulation of ammonia correlated
positively with the lethality of the compound
(Bolonova, 1967). Brain ammonia reacts with
glutamic acid, with glutamine dehydrogenase as a
catalyst, to form glutamine (DeBruin, 1976). This
suggests glutamine dehydrogenase activity is
inhibited by naphthalene. Naphthalene inhibited
aryl hydrocarbon hydroxylase activity in liver
homogenates and microsomal preparations obtained
from rats given 40 mg/kg intraperitoneal injections
for 3 days (Alexandrov and Frayssinet, 1973). A
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single 250 mg/kg intraperitoneal dose of naphthalene
to C57BL/6J mice depressed the enzyme activity of
microsomal monooxygenase in the lung by 30% to
70%; enzyme activity was not affected in the liver
(Tong et al, 1982).

CARCINOGENIC ACTIVITY

Possible Evidence in Humans

In East Germany, four cases of laryngeal carcinoma,
a case of gastric carcinoma, a case of colon
carcinoma, and a case of lupus erythematosus of the
cheek were reported among 7 of 15 employees
involved in naphthalene manufacture (Wolf, 1976).
Seven tumor-free workers suffered various degrees
of rhinopharyngo-laryngitis, an inflammation possibly
conducive to prodromal carcinogenesis. Laryngeal
cancer developed in 4 of 15 naphthalene distillation
workers (Wolf, 1978). The incidence of laryngeal
cancer in these distillation workers is approximately
four thousand times greater than the general
incidence of laryngeal cancer in East Germany. Kup
(1978) studied 15 patients: 12 with laryngeal
carcinomas, two with epipharyngeal cancer, and one
with nasal carcinoma. He observed that four of the
laryngeal cancer patients were exposed to naph-
thalene, but suggested that most of the cancers were
not work related; most of the workers were smokers
as well.

Possible Evidence in Animals

Daily 6-hour exposures to atmospheres of 30 ppm
naphthalene for 6 months did not elicit a significant
increase in lung adenomas among Strain A/J mice.
Histopathologic examination of lungs from the
animals, however, revealed an increased incidence of
multiple alveolar adenomas relative to concurrent
controls. However, the number of tumors per
tumor-bearing lung in the concurrent controls was
significantly lower than that observed in unexposed
controls for this strain of mice (AdKins ez al., 1986).
Negative results were reported in early naphthalene
dermal studies, but experimental details were
unavailable (Kennaway, 1930). A rat dermal study
with 1,4-naphthoquinone, a naphthalene metabolite,
resulted in skin papilloma incidences of 15% to
20%, with some leading to malignant epitheliomas
(Takizawa, 1940). Levels of naphthalene producing
systemic toxicity in a rabbit dermal study did not
cause any carcinogenic activity (Bogdat’eva and Bid,
1955). Tumors occurred in 9 of 25 black mice
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receiving naphthalene in benzene and in 3 of
21 black mice receiving the benzene control in a
lifetime (5 days/week) dermal study (Knake, 1956).
In the exposed mice, four had lymphocytic leukemia,
three had lung adenomas, one had lymphosarcoma,
and one had a nonspecified tumor; in the benzene
controls, one had lymphosarcoma, one had lung
adenoma, and one had a nonspecified tumor. A
group of 40 rats administered seven subcutaneous
biweekly doses of 500 mg/kg of naphthalene in
benzene and then observed for 18 months had a
tumor incidence of 15% (five animals with
lymphosarcomas and one with fibroadenoma), while
tumor incidences of 5% and 2% occurred in vehicle
controls and unexposed controls, respectively
(Knake, 1956). No carcinogenic activity or toxic
effects were observed either in rats given a total of
10 g of naphthalene orally over a 700-day period or
in rats given 820 mg subcutaneously or intraperi-
toneally over a 40-week period (Schmal, 1955). No
controls were used in these studies, but a concurrent
study with anthracene administered subcutaneously
did produce tumors. Boyland er al. (1964) examined
the effects of implanting naphthalene in the urinary
bladder of mice and found a 4% incidence of
carcinomas after 30 weeks which was similar to the
effect of implanting inert substances such as glass.

GENETIC TOXICOLOGY

Data from numerous genotoxicity studies indicate
that naphthalene is nonmutagenic in Salmonella
typhimurium, with or without metabolic activation
(Anderson and Styles, 1978; Connor et al, 1985;
Nohmi et al., 1985; Sakai et al., 1985; Mortelmans
et al., 1986, Narbonne et al., 1987; Bos et al., 1988).
In addition, the halogenated structural analogue
1-chloronaphthalene and the metabolites 1-naphthol
and 2-naphthol showed no mutagenic activity in
S. typhimurium, with or without metabolic activation
(Anderson and Styles, 1978; Florin et al, 1980; De
Flora, 1981; Gocke et al., 1981; Probst et al., 1981;
Lofroth et al, 1985; Narbonne et al, 1987). Testing
of viscosity changes in vitro showed little binding of
naphthalene to bacterial DNA (Lerman, 1965).
Naphthalene can be bound, but only weakly, to
nucleic acid (denatured and native calf thymus
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DNA) in vitro (Ts’o and Lu, 1964). Naphthalene
was reported to be negative for the induction of
single-strand breaks in rat hepatocytes in vitro when
assayed by alkaline elution (Sina et al, 1983).
Brookes and Lawley (1964) found no binding to
mouse skin proteins in vivo and noted that binding
of naphthalene to DNA and RNA was insignificant.

Although the metabolite 1-naphthol was negative in
several S. typhimurium gene mutation studies, it did
cause differential growth inhibition in some strains
of Escherichia coli (Suter and Jaeger, 1982) and
Bacillus subtilis (Tanooka, 1977, Kawachi et al,
1980), presumably as a result of DNA damage. It
was negative in a variety of other genotoxicity tests,
including assays for induction of sex-linked recessive
lethal mutations in male Berlin K Drosophila
melanogaster (Gocke et al.,, 1981), unscheduled DNA
synthesis in rat hepatocytes in vitro (Probst and Hill,
1980), and gene mutations in mouse L5178Y cells
(Amacher and Turner, 1982). 1-Naphthol was also
reported to be negative for induction of micronuclei
in rat (Hossack and Richardson, 1977) and mouse
(Gocke et al, 1981) bone marrow cells following
acute exposure in vivo.

STUDY RATIONALE

Naphthalene was nominated by NIOSH, OSHA, and
EPA for carcinogenic evaluation because evidence
in the literature was inadequate for reaching a
regulatory decision, and because of the potential for
chronic exposure to humans through the use of
mothballs in the home. Potential chronic exposure
can also occur on the job or through cigarette
smoke (3 pg naphthalene/cigarette; Schweltz et al.,
1978). The inhalation route of administration was
chosen because it is the primary route of human
exposure. The decision to conduct the chronic
studies in mice instead of rats was based on the
negative results obtained by Schmal (1955) in a
gavage study of naphthalene in rats. In that study,
28 animals were dosed once daily, 6 times per week,
until each rat was administered a total of 10 g over
700 days. The study alone would be considered
inadequate as a full carcinogenicity bioassay by
today’s standards.
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MATERIALS AND METHODS

PROCUREMENT AND
CHARACTERIZATION OF NAPHTHALENE

Naphthalene (scintillation grade) was obtained from
Fisher Scientific Company (Fair Lawn, NJ) in two
lots (lot numbers 775379 and 735773). Identity,
purity, and stability analyses were performed by the
analytical chemistry laboratory, Midwest Research
Institute (Kansas City, MO). The methods and
results of these studies are detailed in Appendix E.

The study chemical, a white, crystalline powder, was
identified as naphthalene by appearance, melting
point determination, and infrared, ultraviolet/visible,
and nuclear magnetic resonance spectroscopy. The
purity of lot number 775379 was found to be greater
than 99% by elemental analysis, Karl Fischer water
analysis, thii-layer chromatography, and gas chroma-
tography.  Stability studies indicated that naph-
thalene was stable as a bulk chemical for 2 weeks at
temperatures up to 60° C.

GENERATION AND MONITORING OF
CHAMBER CONCENTRATIONS

In each of three Hinners-type inhalation chambers,
naphthalene vapor was generated by direct subli-
mation from a 500 mL flask and was delivered
through metering valves using nitrogen. Naph-
thalene chamber concentrations were monitored with
a Miran Model 80 infrared analyzer and computer-
adjusted to the desired concentration by a software
feedback arrangement. Individual monitors were
used for each of the exposure chambers. Cali-
bration was performed daily using a closed loop
system.

During the 2-year studics, weekly average concen-
trations in the 10 ppm chamber were within 20%
of the target concentration except for one week
when the mean was 5.5 ppm. Concentrations in the
two 30 ppm chambers were within 20% of the target
concentration throughout the studies. A summary
of weekly average exposure concentrations for the
2-year studies is presented in Table El.

Study Design

Groups of 75 mice of each sex were exposed by
inhalation to naphthalene at target concentrations of
0 (chamber controls), 10, or 30 ppm. These dose
levels were equivalent to 0, 50, or 150 mg/m®. Two
additional groups of 75 male mice and 75 female
mice were exposed to 30 ppm in a fourth chamber.
Twice as many animals received the high dose
because of the lack of information on the long-term
toxicity of inhaled naphthalene and to ensure that a
sufficient number of animals lived to study termi-
nation. Exposures were for 6 hours daily, 5 days
weekly, for 104 weeks.

In each chamber, 50 animals per sex were designated
for the 2-year studies; 5 animals per sex were
designated for 14-day and 3, 6, 12, and 18-month
interim hematology evaluations. However, because
of the high mortality in the male control group, the
3., 6-, 12-, and 18-month interim evaluations were
cancelled and all surviving interim animals were
incorporated into the 2-year studies.

The high dose, 30 ppm, is equal to approximately
one half of the saturating concentration for naph-
thalene at 20° C. Higher levels were not selected to
ensure that condensation did not occur in the
exposure chambers. The low dose, 10 ppm, is the
threshold limit value established for the compound
by the American Conference of Governmental
Industrial Hygienists (ACGIH, 1989).

Source and Specification of Animals

Male and female B6C3F, mice were obtained from
Simonsen Labs (Gilroy, CA). Mice were held 28 or
35 days before study initiation. The study began
when the mice were 10 to 11 weeks old. Animal
health was to be monitored by serologic analyses
performed at 6-month intervals according to the
protocols of the NTP Sentinel Animal Program;
these were not conducted due to deaths among
study animals. All mice were vaccinated for Sendai
virus before study initiation and at week 31.
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Animal Maintenance

Mice were housed five per cage with feed and water
available ad libitum during nonexposure periods.
All exposure cages were rotated weekly in the
exposure chambers during the studies. Further
details of animal maintenance are given in Table 2.

Clinical Examinations and Pathology

All animals were observed twice daily, 7 days a
week. Each group of five mice was weighed by cage
initially, weekly for the first 13 weeks of the study,
and monthly thereafter. Hematology parameters
were measured on up to five mice of each sex from
each chamber 14 days after study initiation. Serial
slit-lamp biomicroscopy and indirect ophthalmo-
scopic examinations were performed on five animals
of each sex from each dose group at 6-month
intervals during the studies. Table 2 contains the
complete list of the analyses and studies performed
on animals in the 2-year inhalation studies of naph-
thalene.

A necropsy was performed on all animals. During
necropsy, all organs and tissues were examined for
grossly visible lesions. A complete histopathologic
examination inclusive of gross lesions was performed
on all control and high-dose animals and on all
animals dying or killed moribund prior to
21 months. Histopathologic examinations of the
lungs and nasal cavities were performed on all
low-dose mice. Tissues for microscopic examination
were fixed in 10% neutral buffered formalin,
embedded in paraffin, sectioned to a thickness of 4
to 6 um, and stained with hematoxylin and eosin.

Pathology evaluations were completed by the study
laboratory pathologist and the pathology data were
entered into the Toxicology Data Management
System (TDMS). The slides, paraffin blocks, and
residual wet tissues were sent to the NTP Archives
for inventory, slide/block match, and wet tissue audit
for accuracy of labeling and animal identification
and for thoroughness of tissue trimming. The slides,
individual animal data records, and pathology tables
were evaluated by an independent quality assessment
laboratory. The individual animal records and tables
were compared for accuracy, slides and tissue counts
were verified, and histotechnique was evaluated. A
quality assessment pathologist reviewed all lung and
nose sections from all male and female mice for
accuracy and consistency of neoplastic and non-
neoplastic lesion diagnosis.
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The quality assessment report and slides were
submitted to the Pathology Working Group (PWG),
which reviewed tissues for which there was a
disagreement in diagnosis between the laboratory
and quality assessment pathologists. Representative
examples of potential chemical-related nonneoplastic
lesions and neoplasms of the nose and lungs and
examples of disagreements in diagnosis between the
laboratory and quality assessment pathologists were
selected by the PWG chair for review by the PWG.
The PWG included the quality assessment pathol-
ogist as well as other pathologists experienced in
rodent toxicologic pathology, who examined these
tissues without knowledge of dose group or
previously rendered diagnoses. When the consensus
diagnosis of the PWG differed from that of the
laboratory pathologist, the final diagnosis was
changed to reflect the opinion of the PWG. Details
of these review procedures have been described, in
part, by Maronpot and Boorman (1982) and
Boorman ef al (1985). For subsequent analysis of
pathology data, the diagnosed lesions for each tissue
type are evaluated separately or combined according
to the guidelines of McConnell et al. (1986).

Statistical Methods

Survival Analyses

The probability of survival was estimated by the
product-limit procedure of Kaplan and Meier (1958)
and is presented in the graphs. Animals were
censored from the survival analyses at the time they
were found dead from other than natural causes or
were found missing; animals dying from natural
causes were not censored. Statistical analyses for
possible dose-related effects on survival used Cox’s
(1972) method for testing two groups for equality
and Tarone’s (1975) life table tests to identify dose-
related trends. All reported P values for the sur-
vival analysis are two sided.

Calculation of Incidence

The incidence of neoplasms or nonneoplastic lesions
is given as the ratio of the number of animals
bearing such lesions at a specific anatomic site to
the number of animals in which that site was
examined. In most instances, the denominators
include only those animals for which the site was
examined histologically. However, when macro-
scopic examination was required to detect lesions
(e.g, skin or mammary tumors) before tissue



Materials and Methods

sampling for histopathology, or when lesions could
have appeared at multiple sites (e.g., mononuclear
cell leukemia), the denominators consist of the
number of animals on which a necropsy was
performed.

Analysis of Tumor Incidence

The majority of tumors in these studies was con-
sidered to be incidental to the cause of death or
not rapidly lethal. Thus, the primary statistical
method used was a logistic regression analysis, which
assumed that the diagnosed tumors were discovered
as the result of death from an unrelated cause and,
thus, did not affect the risk of death. In this
approach, tumor prevalence was modeled as a
logistic function of chemical exposure and time.
Both linear and quadratic terms in time were
incorporated initially, and the quadratic term was
eliminated if it did not significantly enhance the fit
of the model. The dosed and control groups were
compared on the basis of the likelihood score test
for the regression coefficient of dose. This method
of adjusting for intercurrent mortality is the
prevalence analysis of Dinse and Lagakos (1983),
further described and illustrated by Dinse and
Haseman (1986). When tumors are incidental, this
comparison of the time-specific tumor prevalences
also provides a comparison of the time-specific
tumor incidences (McKnight and Crowley, 1984).

In addition to logistic regression, alternative
methods of statistical analysis were used, and the
results of these tests are summarized in the
appendixes. These include the life table test (Cox,
1972; Tarone, 1975), appropriate for rapidly lethal
tumors, and the Fisher exact test and the Cochran-
Armitage trend test (Armitage, 1971; Gart et al,
1979), procedures based on the overall proportion
of tumor-bearing animals. Tests of significance
include pairwise comparisons of each dosed group
with controls and a test for an overall dose-response
trend. Continuity-corrected tests were used in the
analysis of tumor incidence, and reported P values
are one sided. The procedures described above also
were used to evaluate selected nonneoplastic lesions.
For further discussion of these methods, see
Haseman (1984).
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Historical Control Data

Although the concurrent control group is always the
first and most appropriate control group used for
evaluation, historical control data can be helpful in
the overall assessment of tumor incidence. NTP
historical control database (Haseman et al., 1984,
1985) are included in the NTP reports for tumors
appearing to show compound-related effects.

Analysis of Continuous Variables

Hematology data, which typically have skewed
distributions, were analyzed using the multiple
comparison methods of Dunn (1964) or Shirley
(1977). Jonckheere’s test (Jonckheere, 1954) was
used to assess the significance of the dose-response
trends and to determine whether a trend-sensitive
test (Shirley’s test) was more appropriate for pair-
wise comparisons than a test that does not assume
a monotonic dose-response trend (Dunn’s test).

Quality Assurance Methods

Study records were submitted to the NTP Archives
and audited by an independent quality assurance
contractor. Separate audits covering completeness
and accuracy of the pathology data, pathology
specimens, final pathology tables, and preliminary
review draft of this NTP Technical Report were
conducted. Audit procedures are presented in the
reports, which are on file at the NIEHS. The audit
findings were reviewed and assessed by the NTP
staff so that all had been resolved or were otherwise
addressed during the preparation of this Technical
Report.

GENETIC TOXICOLOGY

The genetic toxicity of naphthalene was assessed by
testing its ability to induce mutations in Salmonella
typhimurium (strains TA100, TA1535, TA1537, and
TA98) and sister chromatid exchanges and chromo-
somal aberrations in Chinese hamster ovary cells.
The protocols and results for these studies are given
in Appendix C.
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TABLE 2
Experimental Design and Materials and Methods in the 2-Year Inhalation Studies of Naphthalene

Study Laboratory
Northrop Services, Incorporated (Research Triangle Park, NC)

Strain and Species
B6C3F; Mice

Animal Source
Simonsen Labs (Gilroy, CA)

Time Held Before Study Initiation
28 and 35 days

Age When Placed on Studies
10-11 weeks

Date of First Dose
31 August 1982

Duration of Dosing
6 hours daily, 5 days a week, for 104 weeks

Date of Last Dose
24 August 1984

Age When Killed
116-118 weeks

Size of Study Groups
75 males and 75 females in 0 and 10 ppm groups; 150 males and 150 females in 30 ppm dose group

Animals per Cage
5

Method of Animal Identification
Ear punch

Diet
NIH-31 diet (Zeigler Brothers, Gardners, PA), available ad libitum during nonexposure periods

Maximum Storage Time for Feed
90 days

Water
Deionized water, available ad libitum during nonexposure periods, in new polypropylene/polyethylene bottles (Girton Manufacturing,
Millville, PA), changed weekly

Cages
Stainless steel wire mesh cages (Lab Products, Inc., Maywood, NJ), changed weekly

Chambers
Stainless steel and glass Rochester-type chambers (Young and Bertke Company, Cincinnati, OH)
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TABLE 2
Experimental Design and Materials and Methods in the 2-Year Inhalation Studies of Naphthalene
(continued)

Bedding
BetaChips®, hardwood laboratory bedding (Northeastern Products, Warrensburg, NY) and Sanichip (P.J. Murphy Forest Products
Corp., Rochelle Park, NJ), changed twice weekly

Cage Filters
Semi-permanent, spun-bonded polyester (Lab Products, Inc., Maywood, NJ), changed monthly

Racks
Stainless steel, changed twice weekly

Animal Room Environment
Fluorescent light: 12 hours/day
Room air changes: 10 changes/hour

Doses
0, 10, or 30 ppm by inhalation

Type and Frequency of Observation
Observed twice daily; body weights taken initially, weekly through week 13, monthly thereafter, and at scheduled sacrifice or death

Necropsy
Necropsy performed on all animals.

Histopathology

Complete histopathologic examination performed on all mice dying early or killed moribund prior to 21 months, and all control and
high-dose animals. In addition to tissue masses, gross lesions, and associated regional lymph nodes, the following organs and/or
tissues were examined: adrenal gland, bone (femur including marrow), brain, epididymis, esophagus, gallbladder, heart, kidney, large
intestine (cecum, colon, rectum), larynx, liver, lung, lymph node (bronchial, mandibular, mediastinal, and mesenteric), mammary
gland, nasal cavity, ovary, pancreas, parathyroid gland, pituitary gland, prostate gland, salivary gland, seminal vesicle, skin, small
intestine (duodenum, jejunum, ileum), spleen, stomach (glandular and forestomach), testis, thymus, thyroid gland, trachea, urinary
bladder, and uterus. Low-dose animals had lungs and nasal cavities examined microscopically.

Hematology
Blood samples were collected from S mice of each sex from each chamber (except 4 control female mice) for hematology
determinations: hematocrit, hemoglobin, erythrocytes, mean cell volume, reticulocytes, and leukocytes at day 14.

Supplemental Studies

Serial ophthalmoscopic examinations by slit-lamp biomicroscopy and indirect ophthalmoscopy were performed at 6-month intervals
throughout the studies on 5 mice at each dose.
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RESULTS

As detailed in the Materials and Methods section,
the 30 ppm groups were housed in two chambers,
each containing 75 animals of each sex. For
comparative purposes, the incidences of neoplasms
and nonneoplastic lesions for males and females in
the two 30 ppm chambers are given separately in
Appendixes A and B.

Survival and body weights of male and female mice
in one 30 ppm exposure chamber were similar to
those of male and female mice in the other 30 ppm
chamber. With three exceptions, tumor incidences
of males and females in one 30 ppm chamber were
also similar to those of males and females in the
other 30 ppm chamber. These exceptions were
subcutaneous mesenchymal tumors in males (0/67 or
0% vs. 8/68 or 12%), hepatocellular tumors in males
(7/67 or 10% vs. 16/68 or 24%), and hemangiomas
and hemangiosarcomas in females (0/68 or 0% vs.
5/67 or 8%). Application of permutation tests
(Farrar and Crump, 1988) revealed that the latter
two tumor incidences might be due to chance, but
that the difference in integumentary system
mesenchymal tumors in males remained significant
(P<0.05) even after adjusting for multiple
comparisons. The reason for this variation in
integumentary system tumors between chambers is
unknown, but since this was the only strong
evidence of a difference (the incidences of most
nonneoplastic lesions were similar in the two
chambers), the incidences from the two chambers
were pooled in subsequent statistical analyses.

BODY WEIGHTS
AND CLINICAL FINDINGS

Mean body weights of female mice exposed to naph-
thalene were slightly lower than but within 10% of
those of the controls throughout the study. Mean
body weights of exposed male mice were slightly
lower than but within 109% of those of the controls
the first 18 months (Figure 2).

No clinical findings attributed directly to naph-
thalene exposure were observed. In general, exposed
mice tended to huddle in the cage corners during
exposure periods, therefore, fighting was observed
less frequently among the exposed males than
among control males. No treatment-related ocular
lesions were observed in selected control and
exposed mice subjected to serial slit-lamp biomicros-
copy and indirect ophthalmoscopic examination at
6-month intervals throughout the studies. There
were no Dbiologically significant changes in
hematology parameters for exposed mice at day 14
of the study (Table D1).

SURVIVAL

Table 3 and Figure 3 show that survival was signifi-
cantly decreased in the male controls compared to
the exposed males, while survival of the females did
not vary significantly among groups. The lower
survival in control males was related to wound
trauma and secondary lesions resulting from
increased fighting in the group.



Naphthalene, NTP TR 410

40
o)
A A, a a8, .
35 caads sB820l 4082080000
& O i o Oora D O »
o
3 0 g 'S
@ ~°°%a 3o
= o0 a
3 i
(3] 30 LI_%
E
. og
x
e 2]
w 25
=
z
<
w
=
20
MALE MICE
& CONTROL - AIR
O 10 PPM
Q 30 PPM
s I
] 15 30 45 60 75 80 105
40
35
n
=
= 4 a
a
o 30 A, 4 laassg00
- a LI 4 [0} 8 0o
£ Ad " L0l o o0 CP
& o o) 0 g
= a st g o o
T . o I8 o
0] ' °0gp
i b o aQ
25 4 ——0—-3-—%'
= ;? g O
b4 'Y
z %
w
=
20
FEMALE MICE
& CONTROL- AR
o 10 PPM
QO 30 PPM
15 A ) 1
] 15 30 45 60 75 90 105
FIGURE 2

Growth Curves for Male and Female Mice Administered Naphthalene by Inhalation for 2 Years
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TABLE 3
Survival of Mice in the 2-Year Inhalation Studies of Naphthalene

0 ppm 10 ppm 30 ppm
Male
Animals initially in study 75 75 150
Special study animals®® 5 5 13
Natural deaths 31 10 7
Moribund kills 13 7 8
Accidental deaths® 2
Missing® 1 2
Animals surviving to study termination® 26 52 118
Percent survival at end of studyd 37 75 89
Mean survival (days)® 525 648 701
Survival amalysisf P<0.001N P<0.001N P<0.001N
Female
Animals initially in study 75 75 150
Special study animals®® 5 7 12
Natural deaths 8 6 17
Moribund kills 2 2 16
Accidental deaths? 1
Missing? 3 3
Animals surviving to study termination® 59 57 102
Percent survival at end of studyd 86 88 76
Mean survival (days)® 707 692 696
Survival analysist P=0.025 P=0.673N P=0.125

9

Censored from survival analysis.

These mice not examined microscopically; includes mice from the 14-day interim evaluation and mice found dead or killed moribund
before the study began

Includes animals that died the last week of the study

Kaplan-Meier determinations

Mean of all deaths (uncensored, censored, and terminal sacrifice)

The entry in the control column is the trend test (Tarone, 1975) result. Subsequent entries are the results of pairwise tests (Cox,
1972). A negative trend or lower mortality is indicated by N.

o

-0 a0



PROBABILITY OF SURVIVAL

PROBABILITY OF SURVIVAL

FIGURE 3

Naphthalene, NTP TR 410

0.5— ......... : : B T T g................;.................;........ P
MALE MICE
B CONTROL :
0.4 imenen O topr eer et et e s FRSURUS SUUUSUUURIRRIUS SUUUUUURIDe T SRORRRRROI
A 30 PPM :
0.3 T ; ; 7 ; ; 7
(V] 15 30 45 60 75 90 105 120

0_6... ..................................................................................................................................
0.5----en FEMALE MICE ...................................................................................
Ml CONTROL
i O 10PPM
0.4 A 30PPM
0.3 ; T ; ; 7 ; T
0 15 30 45 60 75 90 105 120

WEEKS ON STUDY

Kaplan-Meier Survival Curves for Male and Female Mice Administered Naphthalene by Inhalation

for 2 Years



Results

PATHOLOGY AND STATISTICAL
ANALYSIS OF RESULTS

This section describes the statistically significant or
biologically noteworthy changes in the incidences of
neoplastic or nonneoplastic lesions of the lung,
nose, and skin, as well as hemangiosarcomas at
various hematopoietic sites (bone marrow and
spleen).

Summaries of the incidences of neoplastic and
nonneoplastic lesions, individual animal tumor
diagnoses, statistical analyses of primary tumors that
occurred at an incidence of at least 5% in at least
one study group, and historical incidences for the
neoplasms mentioned in this section are presented
in Appendixes A and B.

Lung: The high-dose females had significantly
increased incidences of alveolar/bronchiolar ade-
nomas, and one carcinoma occurred in a high-dose
female (Table 4). The combined incidence of
alveolar/bronchiolar adenomas and carcinomas in
control female B6C3F,; mice from NTP inhalation
studies is 39/466 (84%, range 0%-12%)
(Table B4a). In control female B6C3F, mice from
NTP feed, water, and inhalation studies, the com-
bined incidence of alveolar/bronchiolar adenomas
and carcinomas is 91/1,166 (7.8%, range 0%-16%).
Because increased incidences of these neoplasms in
exposed females were statistically significant and well
above historical control ranges, they were considered
to be directly related to naphthalene exposure.

Compared to control males, exposed males had
marginally increased incidences of alveolar/
bronchiolar adenomas and carcinomas. In control
male B6C3F, mice from NTP inhalation studies, the
combined incidence of alveolar/bronchiolar ade-
nomas and carcinomas is 94/478 (19.7%, range 10%-
30%) (Table A4). In control male B6C3F, mice
from NTP feed, water, and inhalation studies, the
combined incidence of alveolar/bronchiolar ade-
nomas and carcinomas is 229/1,172 (19.5%, range
6%-42%). Because the incidences of these
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neoplasms in exposed animals were not statistically
significant and were within historical control ranges,
they were considered unlikely to be directly related
to naphthalene exposure. The marginally increased
incidences were likely related to the greater survival
in the exposed groups than in the controls.

Alveolar/bronchiolar adenomas and carcinomas
constitute a morphologic continuum. Adenomas
were locally compressive nodular masses consisting
of cords of well-differentiated epithelial cells
(Plate 1), while carcinomas were composed of
ribbons and/or coalescing sheets of smaller, more
anaplastic, cells which sometimes extended into
adjacent parenchyma.

Several spontaneous nonneoplastic lung lesions
occurred in controls but were more frequent and
severe in exposed mice of both sexes, while other
lesions were seen only in exposed mice. Lesions
were generally minimal to mild. Collectively, these
were considered features of an overall inflammatory
response directly related to naphthalene exposure.
Accumulations of intra-alveolar foamy macrophages
(histiocyte infiltration) (Plate 2) or interstitial
lymphocytes (lymphocyte infiliration) were present
in some controls, but were more frequent and
extensive in exposed mice. Inflammation and
granulomatous inflammation were diagnostic terms
used to describe progressive morphologic stages of
an overall response. In many exposed mice, focal
intra-alveolar mixed inflammatory cell exudates and
interstitial fibrosis were collectively termed "inflam-
mation." In similar but more advanced lesions, the
cellular infiltrate consisted primarily of large foamy
macrophages, sometimes accompanied by multi-
nucleated giant cells, a condition termed "granulo-
matous inflammation” (Plate 3). Usually only one
of these terms was used to describe the overall
response in any given mouse. Bronchial submucosal
gland distension by mixed inflammatory cell exudates
(inflammation) was in many cases also accompanied
by the aforementioned lesions. Foci of alveolar
epithelial hyperplasia generally occurred distant to
areas of inflammation.
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TABLE 4
Incidence of Lung Lesions in Mice in the 2-Year Inhalation Studies of Naphthalene

0 ppm 10 ppm 30 ppm
Male
Neoplasms
Alveolar/bronchiolar Adenoma®
Overall rates® 7/70 (10%) 15/69 (22%) 27135 (20%)
Adjusted rates® 25.1% 28.8% 22.7%
Terminal rates 6/26 (23%) 15/52 (29%) 26/118 (22%)
First incidence (days) 714 736 (T) 656
Logistic regression tests® P=0.411N P=0.450 P=0.541
Alveolar/bronchiolar Carcinomal
Overall rates 0/70 (0%) 3/69 (4%) n3s (5%)
Adjusted rates 0.0% 55% 5.9%
Terminal rates 0/26 (0%) 2/52 (4%) 7118 (6%)
First incidence (days) -£ 629 736 (T)
Logistic regression tests P=0.180 P=0.176 P=0.222
Alveolar/bronchiolar Adenoma or Carcinomal
Overall rates 7/70 (10%) 17/69 (25%) 311135 (23%)
Adjusted rates 25.7% 31.9% 26.0%
Terminal rates 6/26 (23%) 16/52 (31%) 30/118 (25%)
First incidence (days) 714 629 656
Logistic regression tests P=0.530 P=0.212 P=0.394
Nonneoplastic Lesions
Infiltration Cellular, Lymphocyte
Overall rates 3/70 (4%) 0/69 (0%) 8/135 (6%)
Logistic regression tests P=0.143 P=0.201N P=0.407
Average severity grade' 17 0 23
Infiltration Cellular, Histiocyte
Overall rates 1/70 (1%) 12/69 (17%) 16/135 (12%)
Logistic regression tests P=0.083 P=0.003 P=0.009
Average severity grade 30 18 1.6
Inflammation
Overall rates 0/70 (0%) 21/69 (30%) 56/135 (41%)
Logistic regression tests P<0.001 P<0.001 P<0.001
Average severity grade 0 23 21
Inflammation, Granulomatous
Overall rates 0/70 (0%) 19/69 (28%) 15/135 (11%)
Logistic regression tests P=0.495N P<0.001 P=0.021
Average severity grade 0 22 26
Alveolar Epithelium, Hyperplasia
Overall rates 2/70 (3%) 7/69 (10%) 12/135 (9%)
Logistic regression tests P=0.482 P=0.354 P=0.323
Average severity grade 15 1.7 1.7
Glands, Inflammation
Overall rates 7770 (10%) 14/69 (20%) 22/135 (16%)
Logistic regression tests P=0.265N P=0.500 P=0.519N
Average severity grade 14 21 20
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TABLE 4

Incidence of Lung Lesions in Mice in the 2-Year Inhalation Studies of Naphthalene (continued)
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0 ppm 10 ppm 30 ppm
Female
Neoplasms .
Alveolar/bronchiolar Adenoma’
Overall rates 5/69 (7%) 2/65 (3%) 28/135 (21%)
Adjusted rates 8.3% 3.5% 25.6%
Terminal rates 4/59 (1%) 2/57 (4%) 221102 (22%)
First incidence (days) 729 736 (T) 471
Logistic regression tests P<0.001 P=0.233N P=0.010
Alveolar/bronchiolar Carcinoma®
Overall rates 0/69 (0%) 0/65 (0%) 1135 (1%)
Alveolar/bronchiolar Adenoma or Carcinoma!
Overall rates 5/69 (1%) 2/65 (3%) 291135 (22%)
Adjusted rates 8.3% 3.5% 26.5%
Terminal rates 4/59 (7%) 2/57 (4%) 23/102 (23%)
First incidence (days) 729 736 (T) 471
Logistic regression tests P<0.001 P=0.233N P=0.007
Nonneoplastic Lesions
Infiltration Cellular, Lymphocyte
Overall rates 11/69 (16%) 21/65 (33%) 46/135 (34%)
Logistic regression tests P=0.007 P=0.024 P=0.003
Average severity grade 22 21 22
Infiltration Cellular, Histiocyte
Overall rates 1/69 (1%) 5/65 (8%) 4135 (3%)
Logistic regression tests P=0.537N P=0.096 P=0.430
Average severity grade 20 16 20
Inflammation
Overall rates 3/69 (4%) 13/65 (20%) 52135 (39%)
Logistic regression tests P<0.001 P=0.006 P<0.001
Average severity grade 1.7 22 21
Inflammation, Granulomatous
Overall rates 0/69 (0%) 38/65 (58%) 42135 (31%)
Logistic regression tests P=0.004 P<0.001 P<0.001
Average severity grade 0 21 23
Alveolar Epithelium, Hyperplasia
Overall rates 3/69 (4%) 6/65 (9%) 12/135 (9%)
Logistic regression tests P=0.222 P=0.215 P=0.187
Average severity grade 23 15 12
Glands, Inflammation
Overall rates 1/69 (1%) 3/65 (5%) 15135 (11%)
Logistic regression tests P=0.002 P=0.294 P=0.009
Average severity grade 20 20 2.0
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Incidence of Lung Lesions in Mice in the 2-Year Inhalation Studies of Naphthalene (continued)

‘Terminal sacrifice

Historical incidence for 2-year NTP inhalation studies with unexposed control groups (mean * standard deviation): 69/478

(14% = 5.5%); range 6%-24%

5 Incidence expressed as number of animals with lesion/total number of animals examined microscopically

: Kaplan-Meier estimated tumor incidence at the end of the studies after adjustment for intercurrent mortality
Observed incidence at terminal kill

€ Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the
P values corresponding to pairwise comparisons between the controls and that dosed group. The logistic regression tests regard

¢ these lesions as nonfatal. For all tests, a negative trend or a lower incidence in a dose group is indicated by N.
Historical incidence: 30/478 (6% + 5.5%); range 0%-14%

8 Not applicable; no tumors in animal group

!' Historical incidence: 94/478 (20% + 8.1%); range 10%-30%

f Average severity grade based on 1=minimal, 2=mild, 3=moderate, and 4=marked

! Historical incidence: 27/466 (6% + 3.2%); range 0%-10%

:‘ Historical incidence: 13/466 (3% + 2.7%); range 0%-6%

Historical incidence: 39/466 (8% + 3.5%); range 0%-12%

Nose: Several nonneoplastic lesions of the nose
occurred in virtually all exposed mice of each sex
(Table 5). These lesions included inflammation,
metaplasia of the olfactory epithelium (Plate 4), and
respiratory epithelial hyperplasia. These focal or
multifocal lesions occurred mainly in the posterior
nasal cavity and were minimal to mild in severity.
Inflammation was characterized by substantia propria
edema, congestion, mixed inflammatory cell infil-
trates, and occasional fibroplasia as well as intra-
luminal serous to fibrinopurulent exudate and
necrotic debris. Respiratory epithelium hyperplasia,
characterized by increased cell layers of respiratory
epithelium, resulted in a thickened, folded, irregular
mucosal surface. In many cases, the usual olfactory
cell layer was replaced by ciliated columnar or

pseudo-columnar respiratory-like epithelial cells
(olfactory epithelium metaplasia). Collectively, these
lesions were considered features of a generalized
inflammatory and regenerative process. The dose-
related increased incidences of these lesions were
considered directly related to naphthalene exposure
in both sexes.

Nasal adenomas occurred in the anterior nasal
cavities of two females receiving 10 ppm. The
incidence of nasal adenomas was not statistically
significant and did not occur with a dose-related
increased incidence. Therefore, it is unlikely that
the occurrence of these neoplasms was directly
related to naphthalene exposure.



Plate 1
Lung: Alveolar/bronchiolar adenoma in the lung of a male B6C3F; mouse from 30 ppm
exposure group in the 2-year inhalation studies of naphthalene. H&E, x48
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Plate 2

Lung: Mild histiocyte infiltration in alveolar lumens of the lung of a male B6C3F; mouse
from the 10 ppm exposure group in the 2-year inhalation studies of naphthalene. Compare
to Plate 3. H&E, x120
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Plate 3

Lung: Moderate granulomatous inflammation in the lung of a female B6C3F; mouse from
the 10 ppm exposure group in the 2-year inhalation studies of naphthalene. Abundant foamy
histiocytes are present in alveolar lumens. Note lymphocytic infiltration (L). Compare to
Plate 2. H&E, x120

Plate 4

Nose: Nasal turbinate from a B6C3F; male mouse from the 30 ppm exposure group in the
2-year inhalation studies of naphthalene. Metaplasia of olfactory epithelium (arrows) is
present; compare to adjacent relatively unaffected olfactory epithelium (arrowheads). H&E,
x30
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TABLE §
Incidence of Nonneoplastic Nasal Lesions in Mice in the 2-Year Inhalation Studies of Naphthalene

0 ppm 10 ppm 30 ppm
Male
Inflammation
Overall rates* 0/70 (0%) 67/69 (97%) 133/135 (99%)
Logistic regression tests? P<0.001 P<0.001 Ps<0.001
Average severity grade® 0 22 26
Olfactory Epithelium, Metaplasia
Overall rates 0/70 (0%) 66/69 (96%) 134/135 (99%)
Logistic regression tests P<0.001 P<0.001 Ps0.001
Average severity grade 0 25 2.6
Respiratory Epithelium, Hyperplasia
Overall rates 0/70 (0%) 66/69 (96%) 134/135 (99%)
Logistic regression tests P<0.001 P<0.001 P<0.001
Average severity grade 0 26 28
Female
Inflammation
Overall rates 1/69 (1%) 65/65 (100%) 135/135 (100%)
Logistic regression tests P<0.001 P<0.001 P<0.001
Average severity grade 20 23 24
Olfactory Epithelium, Metaplasia
Overall rates 0/69 (0%) 65/65 (100%) 135/135 (100%)
Logistic regression tests P<0.001 P<0.001 P<0.001
Average severity grade 0 25 24
Respiratory Epithelium, Hyperplasia
Overall rates 0/69 (0%) 65/65 (100%) 135135 (100%)
Logistic regression tests P<0.001 P<0.001 P<0.001
Average severity grade 0 2.5 27

Incidence expressed as number of animals with lesion/total number of animals examined microscopically

Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the

P values corresponding to pairwise comparisons between the controls and that dosed group. The logistic regression tests regard
these lesions as nonfatal.

Average severity grade based on 1=minimal, 2=mild, 3=moderate, and 4=marked
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Hemangiosarcomas: Hemangiosarcomas (all sites
combined) occurred in five high-dose female mice
(Table 6). Hemangiomas and hemangiosarcomas are
neoplasms of the vascular endothelium that form a
morphologic continuum and can occur in any
vascularized site in the body. The combined inci-
dence of hemangiomas and hemangiosarcomas in
control female B6C3F; mice from NTP inhalation
studies is 17/467 (3.6%, range 0%-8%) (Table B4b).

TABLE 6

Naphthalene, NTP TR 410

In control female B6C3F; mice from NTP feed,
water, and inhalation studies, the incidence of
hemangiomas and hemangiosarcomas (combined)
was 47/1,167 (4.0%, range 0%-10%). Because the
incidence of these neoplasms was well within the
historical control ranges and because the neoplasms
occurred at various sites, they were not considered
directly related to naphthalene exposure.

Incidence of Hemangiosarcomas in Female Mice in the 2-Year Inhalation Study of Naphthalene®

0 ppm 10 ppm 30 ppm
Overall rates® 0/69 (0%) 0/65 (0%) 5135 (4%)
Adjusted rates® 0.0% 0.0% 44%
Terminal rates 0/59 (0%) 0/57 (0%) 2/102 (2%)
First incidence (days) =€ - 648
Logistic regression tests P=0.034 - P=0.127

(3% + 2.2%); range 0%-6%

Observed incidence at terminal kill
Not applicable; no tumors in animal group

o a6 o

Historical incidence for 2-year NTP inhalation studies with unexposed control groups (mean %

standard deviation): 12/467

Incidence expressed as number of animals with lesion/total number of animals necropsied
Kaplan-Meier estimated tumor incidence at the end of the studies after adjustment for intercurrent mortality

Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the P

values corresponding to pairwise comparisons between the controls and that dosed group. The logistic regression tests regard

these lesions as nonfatal.

Skin: There was a decreased incidence of combined
subcutaneous mesenchymal neoplasms (fibroma,
fibrosarcoma, neurofibrosarcoma, sarcoma, and
multiple sarcoma) in exposed males compared to
controls (Table 7). Multiple fibroma occurred in a
single control male. The incidence of combined
subcutaneous neoplasms in control males in NTP
inhalation studies is 25/479 (5.2%, range 0%-33%)
(Table Adb). In control male B6C3F; mice from
recent NTP feed, water, and inhalation studies, the
incidence of combined subcutaneous neoplasms was
111/1,177 (9.4%, range 0%-41%). In group-housed
male mice, incidences of such neoplasms are vari-
able, and their relationship to fighting is uncertain.
It is unlikely that the decreased incidence of com-
bined subcutaneous mesenchymal neoplasms in
exposed males was a direct effect of naphthalene
exposure. This conclusion is supported by the fact

that the two groups of male mice exposed to
30 ppm naphthalene housed in different chambers
had significantly different incidences of subcutancous
mesenchymal tumors (0/67 or 0% vs. 8/68 or 12%;
Table A2).

Miscellaneous lesions: In exposed male mice versus
controls, there were decreased incidences of several
nonneoplastic integumentary and genitourinary
lesions including skin inflammation and ulcers,
preputial ulcers, prostate inflammation, urinary
bladder inflammation, and renal pelvis inflammation
(Table AS). These lesions were probably associated
with fight wound trauma and/or possible secondary
ascending genitourinary bacterial infections and may
have contributed to the decreased survival of male
controls.
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TABLE 7
Incidence of Subcutaneous Skin Tumors in Male Mice in the 2-Year Inhalation Study of Naphthalene

0 ppm 10 ppm 30 ppm
Fibroma
Overall rates® 4/70 (6%) 3/69 (4%) 1135 (1%)
Adjusted rates® 15.4% 58% 0.8%
Terminal rates® 4126 (15%) 3/52 (6%) 17118 (1%)
First incidence (days) 736 (T) 736 (T) 736 (T)
Logistic regression tests’ P=0.002N P=0.165N P=0.001N
Fibrosarcoma
Overall rates 11/70 (16%) 6/69 (9%) 41135 (3%)
Adjusted rates 31.0% 10.4% 32%
Terminal rates 4/26 (15%) 2/52 (4%) 2/118 (2%)
First incidence (days) 558 536 611
Logistic regression tests P<0.00IN P=0.055N P<0.001N
Neurofibrosarcoma
Overall rates 2/70 (3%) 0/69 (0%) 1135 (1%)
Adijusted rates 5.5% 0.0% 0.8%
Terminal rates 0/26 (0%) 0/52 (0%) 0/118 (0%)
First incidence (days) 589 =€ 493
Logistic regression tests P=0.347N P=0.199N P=0331N
Sarcoma
Overall rates 6/70 (9%) 2/69 (3%) 3/135 (2%)
Adjusted rates 17.7% 3.7% 2.5%
Terminal rates 2/26 (8%) 1/52 (2%) 2/118 (2%)
First incidence (days) 652 692 696
Logistic regression tests P=0.013N P=0.054N P=0.006N
Fibroma, Fibrosarcoma, Neurofibrosarcoma, or Sarcoma’
Overall rates 23/70 (33%) 11/69 (16%) 8/135 (6%)
Adjusted rates 57.8% 19.1% 6.4%
Terminal rates 10726 (38%) 6/52 (12%) 4/118 (3%)
First incidence (days) 558 536 493
Logistic regression tests P<0.001N P<0.001N P<0.001N

Terminal sacrifice

Incidence expressed as number of animals with lesion/total number of animals necropsied

Kaplan-Meier estimated tumor incidence at the end of the studies after adjustment for intercurrent mortality

Observed incidence at terminal kill

Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the

P values corresponding to pairwise comparisons between the controls and that dosed group. The logistic regression tests regard
these lesions as nonfatal. For all tests, a negative trend or a lower incidence in a dose group is indicated by N.

Not applicable; no tumors in animal group

Historical incidence for 2-year NTP inhalation studies with unexposed control groups (mean * standard deviation): 25/479
(5.2% =x 7.0%); range 0%-33%



GENETIC TOXICITY

Naphthalene (0.3-100 ug/plate) was negative for the
induction of gene mutations in Salmonella typhi-
murium strains TA100, TA1535, TA1537, and TA98
when tested in a preincubation protocol in the
presence and the absence of Aroclor 1254induced
male Sprague-Dawley rat or Syrian hamster liver S9
(Mortelmans et al., 1986) (Table C1). In cytogenetic
tests with Chinese hamster ovary cells, naphthalene
induced both sister chromatid exchanges and
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chromosomal aberrations. Sister chromatid
exchanges were induced both in the presence and
the absence of Aroclor 1254-induced male Sprague-
Dawley rat liver S9 (Table C2). The positive

responses in the chromosomal aberration test were
obtained only in the presence of S9, within a dose
range of 30 to 67.5 ug/mL naphthalene (Table C3);
a delayed harvest protocol was employed to offset
naphthalene-induced cell cycle delay and allow
accumulation of sufficient metaphases for scoring.
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DISCUSSION AND CONCLUSIONS

Naphthalene, a white, crystalline powder, is widely
used as a moth repellant. Naphthalene is also used
in the manufacture of phthalic and anthranilic acids,
naphthol, naphthylamines, and synthetic resins. This
chemical was nominated for toxicology and
carcinogenicity studies by NJOSH, OSHA, and EPA
because of the potential exposure of millions of
people through its use as a moth repellant.
Carcinogenicity studies were conducted in mice
because no long-term information in mice was
available. Inhalation studies were conducted because
results of epidemiological studies showed limited
evidence for laryngeal cancer in workers exposed to
naphthalene (Wolf, 1978) and because human
exposure usually occurs via this route. Long-term
studies were not conducted in rats because the
results of carcinogenicity studies conducted by
Schmal (1955) were negative. In those studies,
groups of 28 rats were given either 10 g orally over
a 700-day period or 820 g given intraperitoneally or
intravenously over a 40-week period.

The high dose used for the 2-year studies was
30 ppm. This dose is equal to approximately one-
half of the saturating concentration for naphthalene
at 20° C and would minimize the condensation of
naphthalene in the exposure chambers. The low
dose, 10 ppm, represents the threshold limit value
established for this compound by the American
Conference of Governmental Industrial Hygienists
(ACGIH, 1989).

Mean body weights of mice receiving naphthalene
were slightly lower than, but within 10% of those of
the controls for 18 months of the studies. Survival
of control male mice was significantly lower than
the survival of the exposed groups (0 ppm, 26/70,
37%; 10 ppm, 52/69, 75%; 30 ppm, 118/133, 89%)
due to fighting and wound trauma. However, since
over 50% of the animals survived to week 92, a
sufficient number of control animals was available
for evaluation of carcinogenic potential. Thus the
study was considered adequate. Because nasal

hyperplasia and metaplasia were seen in virtually all
exposed animals, but not in the controls, the doses
chosen offered a sufficient challenge for determining
the carcinogenic potential of naphthalene.

No biologically significant changes in hematologic
parameters in male or female mice were attributable
to naphthalene after 14 days of exposure. Naph-
thalene poisoning in humans was reported 10 cause
hemolytic anemia characterized by Heinz-bodies
formation, hemoglobinuria, leukocytosis, and
decreases in hemoglobin, hematocrit, and red blood
cell count (Melzer-Lange and Walsh-Kelly, 1989).
Hemolytic anemia was also observed in dogs given
oral doses of 3 to 9 g of naphthalene (Zuelzer and
Apt, 1949). The contrast between the effects of
naphthalene on mice and its effects on humans and
dogs may be attributed to the differences in suscep-
tibility to hemolytic agents (methemoglobin formers)
by the species. Humans and dogs were reported to
be the most sensitive to such agents, and rats and
mice were among the least susceptible (Beard and
Noe, 1981). These differences may be due to
inherent differences in methemoglobin reductase
activity in erythrocytes of the various species.
Reductase activity in the less susceptible species was
two- to four-fold greater than that of humans
(Robin and Harley, 1966).

No increased incidences of neoplastic lesions were
attributable to naphthalene exposure in males. The
incidence of subcutaneous tissue tumors (fibroma,
fibrosarcoma, neurofibrosarcoma, and sarcoma)
individually or combined occurred with a negative
trend. The decreased incidence in the male high-
dose group was significant when compared to the
incidence in the control group (Table 7). The
overall NTP historical rate for these tumors (com-
bined) in recent inhalation studies is 25/479 (5.2%,
range 0%-33%). Differences in survival between the
control and exposed male mice cannot be considered
as a contributing factor for this negative trend,
because subcutaneous tissue tumors are late-
appearing tumors, and survival of controls was lower
than that of exposed mice. The negative trend for
subcutaneous tissue tumors observed in males may
be related to the reduced fighting among males
exposed to naphthalene. Exposed male mice
huddled in the corners of the cages during the
6 hours of exposure and, thus, were less inclined to
fight than controls. Negative trends for subcu-
taneous tissue tumors were not seen in females.
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The incidences of pulmonary alveolar/bronchiolar
adenomas (7/70, 10%; 15/69, 22%; 27/135, 20%),
carcinomas (0/70, 0%; 3/69, 4%; 7/135, 5%), and
combined alveolar/bronchiolar adenomas and
carcinomas (7/70, 10%; 17/69, 25%; 31/135, 23%)
were marginally increased in exposed male mice.
The low survival rate of controls, however, accounts
for the numerical increase of pulmonary tumors in
the exposed males which lived longer. The marginal
increase was not statistically significant. Addition-
ally, the incidences of lung neoplasms in the
exposed groups of males were within the historical
range of 10% to 30%. In female mice, the inci-
dence of these lung necoplasms (principally
alveolar/bronchiolar adenoma) in the high-dose
group was significantly greater than that of the
control (5/69, 7%; 2/65, 3%; 29/135, 22%). The
historical incidence of lung tumors in female mice
in recent NTP inhalation studies is 39/466 (8.4%,
range 0%-12%). These lung neoplasms have also
been seen in female mice exposed to structurally
related chemicals such as 1,5-naphthalenediamine
(NCI, 1978a) and several other aromatic compounds
including benzene (NTP, 1986), benzofuran (NTP,
1989), and phenesterin (NCI, 1978b). Accordingly,
the increased incidence in lung tumors in this study
was considered to be related to naphthalene
exposure. Papillary adenomas of the nose were
observed in two low-dose female mice. Because
these lesions occurred only in the low-dose group,
they were not considered to be related to naph-
thalene exposure.

Compound-related, minimal to mild nonneoplastic
lesions were observed in the nose and lung of male
and female mice. The nasal lesions observed
included chronic inflammation, metaplasia of the
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olfactory epithelium, and hyperplasia of the
respiratory epithelium (Table 5). These lesions were
generally slightly more severe in the high-dose mice.
Inflammation was also observed in the lung of
exposed mice (Table 4). This inflammation was
characterized by focal accumulation of large
histiocytes and varying degrees of lymphocytic
infiltration, primarily perivascular and
peribronchiolar.  Alveolar epithelial hyperplasia
occurred primarily distant from areas of inflam-
mation. Occasionally, multinucleated giant cells
were present in the center of large foci of
histiocytes. The lung has been previously identified
as the site of naphthalene toxicity in mice. A single
intraperitoneal injection of 125 or 250 mg/kg caused
necrosis of bronchial and bronchiolar epithelium
(Mahvi et al, 1977; Tong et al, 1981). Similar,
though more severe pulmonary lesions have
occurred in female B6C3F; mice administered
methylnaphthalene by dermal application (Emi and
Konishi, 1985).

Conclusions

Under the conditions of these 2-year inhalation
studies, there was no evidence of carcinogenic activity’
of naphthalene in male B6C3F,; mice exposed to 10
or 30 ppm. There was some evidence of carcinogenic
activity of naphthalene in female B6C3F, mice, based
on increased incidences of pulmonary alveolar/
bronchiolar adenomas.

In both male and female mice, naphthalene caused
increased incidences and severity of chronic inflam-
mation, metaplasia of the olfactory epithelium, and
hyperplasia of the respiratory epithelium in the nose
and chronic inflammation in the lungs.

* Explanation of Levels of Evidence of Carcinogenic Activity appears on page 8. A summary of peer review comments and the

public discussion on this Technical Report appears on page 10.
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