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1.0 Executive Summ

AP EARE LA
Use Profile ATAO Wﬂﬂa

Naphthalene is used as a moth repellant for the protection of wool clothing and as an animal
repellant against nuisance vertebrate pests. Naphthalene is registered for uses in and around the
home. In the home, it can be used to repel moths from clothing stored in enclosed areas or closed
containers and as an indoor (attic) animal repellant. Outdoors, naphthalene may be used as an
animal repellant and is applied as a narrow band around target areas to be protected (houses,
wood piles, trash cans, flower beds, etc). Naphthalene is a non-food/non-feed pesticide.

Naphthalene is a white, crystalline solid which volatilizes to create a characteristic odor. In a
sealed container, naphthalene vapors build up to levels toxic to both the adult and larval forms of
many moths destructive to wool clothmg In addition, naphthalene’s odor can be used to repel
vertebrate animals.

Naphthalene products are formulated as moth balls, flakes, dusts, and granules and are labeled
for application by hand. Re-treatments are recommended when product and odor dissipate-Even
though this pesticide may be applied by hand, which could result in some dermal exposure,
inhalation is the main route of exposure expected based on naphthalene’s chemical nature and
use pattern. Inhalation exposures may result from homeowners applying the pesticide, or to
residents who inhabit homes that have been treated. Additionally, inhalation exposures can occur
when an enclosed treated area, where the compound has been allowed to concentrate in the air, is
temporarily accessed or opened. Oral exposures, on the other hand, are not as likely to occur.
Since naphthalene is a non-food use pesticide, there are no dietary exposures expected from
food. Dietary exposures via drinking water may be possible assuming the product is indeed
entering drinking water sources as a result of outdoor home uses. There is also a possibility that
a child may try to eat the applied product as it is encountered indoors or out. This scenario,
however, can be considered episodic (a one time only incidental ingestion).

Hazard Characterization

Based on the use pattern, the standard toxicology database for naphthalene is complete for
assessing dermal and oral exposure risks to humans. Although standard inhalation rodent toxicity
studies are available, some mechanism studies have raised the issue of notable species
differences and the appropriateness of the rodent model as a default approach to estimate human
risk. The mechanism data are not complete and ongoing research, when completed, is expected
to refine the potential toxicity hazard associated with human exposure to naphthalene via
inhalation. No new data are being required at this time.

Naphthalene is acutely toxic in the rat via the oral and inhalation routes of exposure. In the

rabbit, it is a moderate acute dermal toxicant. It is a moderate skin and eye irritant in the rabbit.
Naphthalene is not a dermal sensitizer in guinea pigs. In rats, critical effects of acute toxicity
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were hunched posture, shaking and reduced motor activities.

Subchronic toxicity of naphthalene is manifested by body weight changes, organ weight changes
and /or clinical signs of toxicity following gavage treatment to rats.

Naphthalene inhalation studies include nose-only, i.e.compound introduced directly to the nose
(4-week, 13-week, and subchronic 90-day neurotoxicity) and chamber studies (2 year) in
rodents, which involves whole body exposures. These studies indicate that naphthalene is a
nasal toxicant in rodents at low concentrations.

In a 90-day dermal toxicity study in the rat, effects were noted only at the high dose of 1000
mg/kg/day. These results indicate that dermal toxicity is not likely a concern.

Based on an overall review of the database there was evidence of some neurotoxicity (e.g., loss
of olfactory neurons following inhalation exposure; hunched posture and decreased motor
activity following oral treatment), however, the neurotoxicity was related either to localized
irritation on the nasal olfactory epithelium (portal of entry in the inhalation studies), or secondary
to a high dose bolus gavage administration in the oral toxicity studies. There were no effects on
brain weights or brain neurohistopathology in any of the studies with naphthalene. There was no
evidence of increased susceptibility (quantitative or qualitative) of rat or rabbit fetuses to in utero
exposure to naphthalene.

Based on available data (rat developmental study, rabbit developmental study including a range-
finder), there is no evidence of increased quantitative or qualitative susceptibility of rat or rabbit
fetuses to in utero exposure to naphthalene. In the rat, the developmental NOAELs are higher
than maternal NOAELs. There are no residual uncertainties with regard to in utero toxicity. The
toxicological database for naphthalene, a non-food use pesticide, is considered complete.
Although there is no reproductive study on naphthalene, it is not required for this nonfood use
pesticide. In addition, to the 100-fold uncertainty factor applied to account for inter and
intraspecies differences, an extra uncertainty factor of 10 has been applied to the chronic RfD to
account for extrapolation from subchronic to chronic oral exposure. The composite uncertainty
factor of 1000-fold would also address the lack of reproductive toxicity data.

Based on the overall review of the database, it is concluded that naphthalene does not act as a
direct DNA reactive mutagen. There is some suggestive evidence it may cause DNA damage by
an indirect or secondary mechanism involving oxidative stress.

In chronic inhalation studies, carcinogenic effects have been observed in both rats and mice
following inhalation exposure. In the rat study, nasal tumors included neuroblastomas of the
olfactory epithelium and adenomas of the respiratory epithelium. In the mouse study
(inhalation), male mice had statistically significant increased incidences of liver adenomas, and
adenomas and carcinomas combined. Female mice exhibited increased incidences of
alveolar/bronchiolar adenomas, and adenomas and carcinomas combined. The carcinogenic
potential of naphthalene is currently undergoing review by EPA Integrated Risk Information
System (IRIS). Naphthalene has not been subjected to a full EPA/International Programme of
Chemical Safety (IPCS) framework for the analysis of a cancer mode of action (MOA) and
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relevancy of animal MOA to human carcinogenicity. EPA’s Health Effects Division has not
performed a cancer risk assessment for the nonfood pesticidal uses of naphthalene.

Endpoints and dose responses (route specific) have been selected for the oral and dermal
exposure routes and durations and a quantitative human health risk assessment has been
performed for these exposure routes. However, the Agency has determined that it is not
appropriate at this time to quantify human health risk estimates for non-cancer and cancer
inhalation exposures to naphthalene because of the notable species differences and
inappropriateness of the rodent inhalation default model used to extrapolate risks to humans

The primary adverse outcome reported in available studies using rodents (rats and mice) exposed
to naphthalene by the inhalation route is respiratory tract (nose and lung) tumors. Naphthalene
clearly induced nasal tumors (adenomas and neuroblastomas) in rats. In mice, there was also
some evidence of lung tumors in female mice, but this was less convincing than the tumor
response in rats. The nasal tumors in rats appear to be secondary to cytotoxicity because
cytotoxicity (inflammation, degeneration, metaplasia, hyperplasia) is found to occur first and
appears to represent a precursor to the nasal tumors.

Research has been published indicating that metabolic activation is a required step for
naphthalene’s cytotoxicity (unmetabolized naphthalene is not the cause of the cytotoxicity or
tumors) and that there are notable species differences in the metabolism of naphthalene between
rodents and primates. Available research to date indicates that the metabolism pathway in
rodents is more active than in humans (i.e., humans have a slower rate of formation of the active
metabolite).

Although rodents are most likely to be more susceptible to naphthalene’s respiratory effects
(cytotoxicity and tumors) than humans, the human relevance of the rodent respiratory tract
tumors cannot be entirely dismissed. The issue of whether naphthalene poses a human health
concern at ambient exposures will be informed to large degree by an explanation of the process
by which naphthalene is absorbed, distributed, metabolized, and eliminated by the body
(pharmacokinetics). The pharmacokinetic (PK) model that will quantify the species difference is
not available now but is forthcoming in approximately 2-3 years. ‘

Because rodents are likely more susceptible to naphthalene’s potential respiratory effects than
humans, it would be inappropriate to quantify non-cancer and cancer inhalation risks in humans
based on default methods which do not incorporate the critical metabolic differences between
primates and rodents; to do so would likely result in unrealistically high estimates of human
risk. Thus, no quantification of either non-cancer or cancer inhalation risks to humans is
provided in this assessment

Instead, the Agency has characterized the inhalation toxicity hazards and then directly compared
anticipated human exposure to naphthalene with 1) the doses found to result in no adverse effects
in rodents (NOAELSs) and 2) the doses found to result in toxic outcomes in rodents (LOAELSs).
That is, the levels (mg/m°) of naphthalene measured in a study simulating naphthalene use inside
a home (and levels in homes where naphthalene may or may not have been used) were compared
directly to the NOAELSs and LOAELSs identified in the rodent inhalation studies. This
comparison is informational and provides a sense of the difference between expected ambient
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levels of naphthalene that humans may be exposed to and the levels that cause no effect, as well
as a toxic effect, in rodents.

The detailed characterization of the uncertainties associated with using rodent studies to estimate
inhalation risk to humans is found in Section 3.5 of this document. The comparison of ambient
naphthalene levels to NOAELs and LOAELSs can be found in Section 5.4.1 and are also
presented below in this Executive Summary [Residential Postapplication (Inhalation)].

Dietary Exposure

There are no agricultural or any food related pesticide uses of naphthalene. Therefore, no
dietary exposure from food is expected. However, there is potential for drinking water exposure
due to the outdoor uses of naphthalene. Using a screening modeling tool (FIRST), EFED
calculated peak and annual average surface water Estimated Environmental Concentrations
(EEC). These values represented the high-end use rate of naphthalene on ornamentals and were
used to conduct unrefined acute and chronic dietary (water only) risk assessments using DEEM-
FCID™, '

The acute and chronic risk estimates were found to be well below the 100% Reference Dose
(R{D) level of concern. Overall dietary exposure to naphthalene (pesticidal uses) via drinking
water is expected to be insignificant.

Residential Exposure/Risk
Residential Handlers (Dermal)

HED has determined that there is potential for short-term exposure in residential settings during
the application process for homeowners who purchase and use naphthalene-containing products.
Applications of naphthalene can be made indoors and outdoors and are expected to be short-term
in duration due to the intermittent nature of use associated with these products. HED anticipates
both handler dermal and inhalation exposure during the application process; however,
appropriate inhalation handler exposure data are not available to assess this scenario, therefore,
only dermal exposure was assessed.

Margins of Exposure (MOEs) for residential handlers were calculated using standard
assumptions and the results of an exposure study, “Estimation of Homeowner Exposure to
LX1298-01 (Naphthalene) Resulting from Simulated Residential Use as an Insect Repellent,”
(MRID 437165-01), in which dermal handler exposure data was derived from the monitoring of
a person weighing out and placing mothballs in a closet and dresser at three different locations.

Residential handler MOEs (indoor and outdoor) were much greater than 100 and, therefore, not
of concern to HED. Overall dermal exposure to handling naphthalene products, indoors and

outdoors, is expected to be insignificant.

Residential Postapplication (Inhalation)
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HED has determined that there is potential for adult and toddler inhalation exposure from
naphthalene applications made indoors for moth treatments and animal repellency, and to a lesser
extent, outdoors for animal repellency. While labels specify that treated indoor areas should be
airtight to be effective, HED anticipates that naphthalene will volatilize and be inhaled by adults
accessing treated areas (i.e., containers, dresser drawers, closets, etc.) and by adults and toddlers
that inhabit treated areas exposed to ambient concentrations of naphthalene. Exposures from
accessing treated areas are expected to be acute (approximately 15 minutes) in duration and
exposures from inhabiting treated areas are short-(<1 month), intermediate- (1-6 months), and
long-term (>6 months) in duration.

Since the data available to date indicate that rodents are more susceptible to the cytotoxicity of
naphthalene than humans, the use of rodents as a model without appropriate application of
species scaling accounting for species differences in dosimetry and metabolism would likely
result in unrealistic estimates of human risk.. Therefore, rather than quantifying inhalation risks
to humans, the levels of ambient naphthalene measured in the human exposure study were
compared directly to the levels resulting in a 1) no adverse effects in the rodent studies
(NOAELSs) and 2) a toxic effect in rodents (LOAELSs). This comparison provides a sense of the
difference between actual naphthalene concentrations that a human may encounter and the doses
which elicit either no adverse response or a toxic response in rodents.

Anticipated acute and short-term exposures were calculated using standard assumptions and the
results of the aforementioned exposure study (MRID 437165-01). Inhalation exposure data from
the study apply to exposure durations ranging from 15 minutes (person accessing treated closets -
and dresser drawers) to 24 hours (average air concentration surrounding treated closets, dresser
drawers, and beds). Anticipated acute and short-term exposures to naphthalene in residences are
20X and 30X below the rodent dose (NOAEL) resulting in no adverse effects, respectively.
Anticipated acute and short-term exposures to naphthalene in residences are 60X and 80X below
the rodent dose (LOAEL) resulting in respiratory toxicity (olfactory epithelium lesions),
respectively.

Anticipated intermediate- and long-term exposures were also calculated using standard
assumptions; however, because of the lack of a naphthalene-specific study of an appropriate
duration, a different exposure study was used to assess these durations of exposure (Polycyclic
Aromatic Hydrocarbon Exposure of Children in Low-Income Families, Chuang et al., 1999).
This study was conducted to observe exposures to polycyclic aromatic hydrocarbons (PAHs),
including naphthalene, inside of 24 homes from air, dust, soil, and food. This study is not
specific to intermediate- or long-term exposure durations, nor does naphthalene necessarily
originate from a mothball source; however, it has been identified as the best data source to
account for naphthalene volatilization and dissipation over time. Due to the uncertainty
associated with the use of an exposure study which is not specific to the duration assessed, HED
selected the most conservative exposure value (i.e., maximum concentration observed) to
represent intermediate- and long- term exposure levels. Based on the highest measured
naphthalene levels from this study, intermediate-term exposures to naphthalene in residences are
540X below the rodent dose (NOAEL) resulting in no adverse health effects. [Note: a NOAEL
was not identified in the chronic inhalation studies (rodents) for long-term exposure so that
comparison has not been done]. Intermediate- and long-term exposures to naphthalene in
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residences are 1000X and 5400X below the rodent dose (LOAEL) resulting in respiratory
toxicity (olfactory epithelium lesions), respectively.

Generally, in the absence of information on kinetics/dynamics, it is assumed that humans may be
10 times more sensitive than animals (10X interspecies factor). The current research indicates
that humans are /ess sensitive than rodents because of differences in rate of bioactivation of
naphthalene as well as anatomical and physiological differences in the nose and respiratory tract.
These critical differences between primates and rodents have not been accounted for in this
assessment. Thus, with consideration of more appropriate dosimetry and species, the margins of
exposure for human inhalation risk assessment may be larger than the differences calculated here
between the rodent NOAELSs and LOAELSs and the ambient naphthalene levels.

Studies determining the differences in nasal metabolism of naphthalene between rodents and
primates are part of ongoing research. There are no data to indicate that humans have a slower
rate of clearance, but if they did, then there would be a longer time for humans to produce the
active metabolite. These issues are being addressed in current pharmacokinetic model research.

Residential Postapplication (Episodic Ingestion)

HED has determined there is potential that a toddler may ingest formulations used for indoor or
outdoor treatments of naphthalene. In order to assess this exposure route, HED estimated the
risk of a toddler ingesting a single mothball. In addition, HED estimated the amount of a single
mothball that a toddler could ingest to result in an MOE = 100. While labels specify that indoor
moth treatments be made in airtight containers, it is assumed that a toddler could potentially
access these areas and ingest naphthalene products. Incident data indicate that ingestion of
naphthalene by children primarily occurs by accessing products labeled for indoor use.

Toddler episodic ingestion of one naphthalene mothball results in an MOE < 100 (MOE=0.32)

. and, therefore, is of concern to HED. An oral dose of 0.5 mg/kg/day would be required to result
in an MOE = 100. This dose is equivalent to toddler episodic (incidental) ingestion of 0.32% of
one mothball (7.5 of 2350 total mg). While it is not expected that a toddler would intentionally
ingest an entire mothball, that scenario cannot be completely discounted.

Aggregate Risk

An aggregate risk assessment for all expected routes of exposure was not performed as there is
no common toxicity among all the routes of exposure. Generally, a short-term aggregate risk
assessment may be performed by combining short-term incidental oral exposure and
average/background dietary (in this case drinking water) exposures. A short-term aggregate risk
assessment was not performed for naphthalene since the short-term inetdental oral exposure risk
estimate alone exceeds the level of concern and combining with other routes of exposure would
only further exceed the level of concern.

Occupational Exposure/Risk

Naphthalene products are not registered for occupational use and, therefore, occupational
exposure and risk is not anticipated and has not been assessed.

Page 7 of 61



EPA's Records Disposition Schedule PEST 361 Scientific Data Reviews HED Records Center - File R158159 - Page 8 of 62

Epidemiology Studies

Three studies were submitted and reviewed by HED which explored the possible association
between exposure to components of jet fuel, including naphthalene, and incident cancer among
both private and military aerospace personnel. An additional recently published epidemiology
study concerning the association between non-occupational exposure to naphthalene as a
component of mothballs and non-Hodgkin’s lymphoma (NHL) is also included in this review.

Three of the four studies utilized an ecologic exposure assessment method (indirect exposure
method) and evaluated exposure to jet fuel in association with cancer. The question HED is
addressing concerns exposure to naphthalene and adverse health outcomes. Given the non-
specific exposure measure (jet fuel) and the potentially significant exposure misclassification
reflected in these three studies, inference concerning the association between naphthalene
exposure and incident cancer is severely limited based upon these studies alone. These studies
are considered non-informative to the current naphthalene risk assessment and characterization.

The finding of a 2-fold increased risk of non-Hodgkins lymphoma among women in upstate New
York in a study of non-occupational exposure to mothballs is suggestive of a possible
association. However, as it is not known if the mothballs in this study were those containing
naphthalene. This study is does not contribute to the current naphthalene risk assessment and
characterization.

Incident Reports

In order to complete the incident report for naphthalene (M. Hawkins and H. Allender,
D336085), four databases were consulted for poisoning incident data. These include: OPP
Incident Data System (IDS), Poison Control Centers (PCC), California Department of Pesticide
Regulation, and National Institute of Occupational Safety and Health’s Sentinel Event
Notification System for Occupational Risks (NIOSH SENSOR). The summary findings from
the incident report for the period 1993 to 2005 for naphthalene are:

e Naphthalene produces a higher proportion of acutely toxic incidents requiring medical
attention when compared to the composite average of all other pesticides. There is a
pattern of statistically significant results in cases seen in a Health care facility. This
pattern observed in the combined population (occupational, non-occupational, children)
is largely due to the frequency and severity of pesticide poisoning among children less
than 6 years;

e Exposure to children is much higher than a typical pesticide;

e Naphthalene PCC data show average results of about 11,647 exposures/year, 133
symptomatic cases/year, and 310 cases/year seen in a heath care facility;

e No apparent annual trend is evident in the 13 year-span of data collected; and

e NIOSH/SENSOR data indicate that indoor uses of naphthalene are responsible for a large
number of cases. ’ :

o The large majority of incidents for children under 6 years of age were from ingestion of
mothball products for indoor use.
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Recommendations from the incident report for residential naphthalene use are as follows:

e In order to prevent exposures (oral) to children, actions restricting the access to the active
ingredient should be taken. This could include packaging changes and other limitations to
block children from coming into contact with the active ingredient.

The reported symptoms to naphthalene exposure include: neurological (headache, dizziness, and
drowsiness/lethargy), gastrointestinal (nausea and vomiting), ocular (eye pain, irritation, and
inflammation, and lacrimation), respiratory (upper respiratory pain, shortness of breath, coughing
and choking).

Environmental Justice Considerations

Potential areas of environmental justice concerns, to the extent possible, were considered in this
human health risk assessment, in accordance with U.S. Executive Order 12898, "Federal Actions
to Address Environmental Justice in Minority Populations and Low-Income Populations,"

http://www.eh.doe. gov/oepa/guidance/justice/eo12898.pdf).

As a part of every pesticide risk assessment, OPP considers a large variety of consumer
subgroups according to well-established procedures. In line with OPP policy, HED estimates
risks to population subgroups from pesticide exposures that are based on patterns of that
subgroup’s food and water consumption, and activities in and around the home that involve
pesticide use in a residential setting. Extensive data on food consumption patterns are compiled
by the USDA under the Continuing Survey of Food Intake by Individuals (CSFII) and are used
in pesticide risk assessments for all registered food uses of a pesticide. These data are analyzed
and categorized by subgroups based on age, season of the year, ethnic group, and region of the
country. Additionally, OPP is able to assess dietary exposure to smaller, specialized subgroups
and exposure assessments are performed when conditions or circumstances warrant. Whenever
appropriate, non-dietary exposures based on home use of pesticide products and associated risks
for adult applicators and for toddlers, youths, and adults entering or playing on treated areas
postapplication are evaluated. Further considerations are currently in development as OPP has
committed resources and expertise to the development of specialized software and models that
consider exposure to bystanders and farm workers as well as lifestyle and traditional dietary
patterns among specific subgroups.

Review of Human Research

This risk assessment relies in part on data from a study in which adult human subjects were
intentionally exposed to a pesticide or other chemical. This study (Appendix B) has been
determined to require a review of its ethical conduct, and has received that review. It was
concluded that there are no regulatory barriers to EPA’s reliance on this study in its actions under
FIFRA (J. Carley, 4/24/07). Another study involving human subjects (Chuang et al., 1999) used
in part in this assessment, does not meet the regulatory definition of research involving
intentional human exposure and is therefore not required to undergo ethical review. It was
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determined that “there are no regulatory, ethical, or policy barriers” to using this study in the
naphthalene assessment (electronic communication, J. Carley to C. Eiden, 2/20/08).

2.0 Ingredient Profile

Naphthalene is used as a moth treatment for the protection of woolen clothing and as an animal
repellant against nuisance vertebrate pests. All registered products of naphthalene are intended
for residential uses only. The moth treatment use is registered for indoor only and is labeled for
treatment of indoor storage areas (containers, drawers, and storage closets). The animal repellant
use is labeled for indoor (attics and wall voids) and outdoor (around the perimeter of domestic
dwellings, ornamental gardens, flower beds, lawns, or any area to be protected such as wood
piles, utility houses, barns, and trash cans) use.

Naphthalene is a white, crystalline solid which volatilizes to create a characteristic odor. In a
sealed container, naphthalene vapors build up to levels toxic to both the adult and larval forms of
many moths destructive to wool clothing. In addition, naphthalene’s odor can be used to repel
vertebrate animals.

Naphthaléne products for use within the home are formulated as moth balls or flakes, while
outdoor products are formulated as dusts, flakes, and granules. Percent active ingredient of
indoor-use products range from 99.7-100%, and from 7-99.9% for outdoor-use products.

‘Registered labels for indoor, moth treatment use recommend keeping the product in an airtight
space for a minimum of seven days. Re-treatment is recommended when the mothballs have
dissipated. Since moths are active all year, there is the potential for continual treatment indoors.
One moth control label recommends re-treatment twice per year. Re-treatment for
indoor/outdoor repellant uses are recommended as needed to maintain odor intensity. Hot
weather, wind, and rain may diminish the effectiveness of the product and necessitate re-
treatment.

- Naphthalene treatments for indoor moth treatment use and indoor/outdoor repellant use are
labeled for application by hand.

2.1 Summary of Registered Uses

Table 2.1 . Summary of Registered Naphthalene Uses

Indoor Use
Product Use Site Formulation s ACt.l ve App. Rate for the Area to be Treated
Ingredient

ENOZ® Old Indoor storage areas | Moth Ball 99.95 1 ounce per 3 ft’ -
Fashioned (containers and 0.251bai / Average Garment Bag (12
Moth Balls storage closets) ft*)
(1475-74) 0.331bai / Large Trunk (15 ft°)

: 1lbai  / Small Closet (50 ft°)
ENOZ® Old Indoor storage areas | Flake 99.95 1 ounce per 3 ft’ -
Fashioned (containers and 0.251bai / Average Garment Bag (12
Moth Flakes storage closets) ft*)
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(1475-75) 0.33 Ibai / Large Trunk (15 ft°)
1lbai / Small Closet (50 ft)
ENOZ® Cedar | Indoor storage areas | Moth Ball 99.85 1 ounce per 3 ft” -
Pine Moth (containers and : 0.251bai / Average Garment Bag (12
Balls storage closets) ft*)
(1475-120) 0.33lbai / Large Trunk (15 ft°)
1lbai / Small Closet (50 ft’)
Chaperone Attics and wall voids | Flake 100 1 pound per 400 ft’
Squirrel and and
Bat Repellant 1 ounce per 3 ft* -
(2724-685) Indoor storage areas 0.251bai / Average Garment Bag (12
(containers and ft*)
storage closets) 0.33 Ibai / Large Trunk (15 ft°)
_ 1lbai / Small Closet (50 ft)
Dr. T’s Rabbit, | Attics and wall voids | Flake 99.95 1 pound per 400 ft*
Squirrel, Bat &
Bird Repellant
(58630-2)
I-Ching Indoor storage areas | Moth Ball 99.9 1 ounce per 3 ft’ -
Naphthalene (containers and 0.251bai / Average Garment Bag (12
Moth Balls storage closets) ft*)
(80305-1) 0.33 Ibai / Large Trunk (15 ft*)
1lbai / Small Closet (50 ft)
IMS Old Indoor storage areas | Moth Ball 99.95 1.5 ounces per 3 ft’ -
Fashioned (containers and 0.37 Ib ai / Average Garment Bag (12 ft*)
Moth Balls storage closets) 0.361b ai / Large Trunk (15 ft°)
(81433-6) 1.1 Ib ai / Small Closet (50 ft*)
Moth Avoid Indoor storage areas | Moth Ball 99.7 1 ounce per 3 ft’ -
Brand (containers and 0.251bai / Average Garment Bag (12
Traditional storage closets) ft’)
Moth Balls 0.33Ibai / Large Trunk (15 ft)
(83424-2) 1lbai / Small Closet (50 ft})
Outdoor Use
F&B Rabbit Soil treatment on Dust 15 0.45 Ib ai/ treated area (3 1b container)
and Dog ornamental plants, (assuming entire contents used to treat
Chaser paved areas area)
(4-465)
ENOZ® Skat! | Around the perimeter | Flake 99.45 2.5 Ib ai/ treated area (2.5 Ib container)
(1475-146) of ornamental plants (assuming entire contents used to treat
area)
Dr. T’s Snake- | Around the perimeter | Granule 7 0.28 1b ai/treated area (4 1b container)
A-Way Snake | of domestic dwellings 2 Ib ai/ treated area (28 Ib container)
Repellant (outdoors), wood (assuming entire contents used to treat
(58630-1) piles, utility houses, area)
barns, trash cans,
flower beds, and
gardens
Dr. T’s Rabbit, | Around the perimeter | Flake 99.95 4 1b ai/ treated area (4 Ib container)
Squirrel, Bat & | of ornamental plants 24 1b ai/ treated area (24 1b container)
Bird Repellant (assuming entire contents used to treat
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| (58630-2) | - | | area)

2.2 Structure and Nomenclature

Chemical Structure
"~ Naphthalene
Empirical Formula CioHs
Common Name Naphthalene
IUPAC name ' Naphthalene
CAS Name Naphthalene
CAS Registry Number 91-20-3
Chemical Class Fumigant insecticides

23 Physical and Chemical Properties

12817

Molecular Weight

Melting point/range 80.2°C

pH NA

Density 1.162
Water: 31 mg/L

Water solubility @25°C (insoluble)

soluble in benzene,

Solvent solubility alcohol, ether, acetone D322965, D. Rate, 12/20/05

Vapor pressure O.C;Simmrlni ;I é@%%éoc
Dissociation constant, pKa NA/NS
E)zc;tfél;)llwater partition coefficient, logPow Log Kow = 3.30
€521 = 133000
UV/visib1¢ absorption spectrum €555 = 9300
€;1,= 289

3.0 Hazard Characterization/Assessment

3.1 Hazard and Dose-Response Characterization
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Database Summary

Based on the use pattern, the standard toxicology database for naphthalene is complete for
assessing dermal and oral exposure risks to humans. Although standard inhalation rodent toxicity
studies are available, some mechanism studies have raised the issue of notable species
differences and the appropriateness of the rodent model as a default approach to estimate human
risk. The mechanism data are not complete and ongoing research, when completed, is expected
to refine the potential toxicity hazard associated with human exposure to naphthalene via
inhalation. No new data are being required at this time.

Sufficiency of studies/data

Based. on the use pattern, the toxicology database for naphthalene is complete and adequate for
dermal and oral risk assessment. Studies include the following:

Acute Neurotoxicity: acute oral neurotoxicity study in the rat

Subchronic Neurotoxicity: subchronic inhalation neurotoxicity study in the rat
Developmental: National Toxicology Program (NTP) rabbit and rat developmental
studies

Subchronic oral: 90-day rat and mouse studies; published mouse study

Subchronic inhalation: 13 week rat study; 90-day neurotoxicity in the rat study

Chronic inhalation: NTP rat and mouse studies

Mutagenicity: battery of mutagenicity assays

Metabolism: several published studies

Dermal Toxicity — 90-day dermal toxicity in the rat

Mode of action, metabolism, toxicokinetic data

The Registrant did not provide mode of action data. However, several published literature studies
have addressed the role of cytochrome-P450-associated metabolic intermediates as the potential
underlying mode of action of naphthalene-induced respiratory tract neoplastic and nonneoplastic
lesions. Buckpitt et al. (2002) identified various metabolic intermediates of naphthalene, in
particular, 1,2-naphthalene oxide, 1,2-naphthoquinone, and 1,4-naphthoquinone, that are
involved in the formation of respiratory tract lesions in rodents. These metabolites are
considered reactive and can covalently bind to various cellular proteins resulting in cellular
damage.

A further mechanism for 1,2-naphthoquinone has also been suggested (Bolton et al. 2000). This
mechanism involves the enzymatic and nonenzymatic redox cycling of the quinone with
subsequent generation of reactive oxygen species (ROS) and lipid peroxidation, resulting in
cellular damage.

Species susceptibility to naphthalene-mediated respiratory tract toxicity has been recognized
(Buckpitt et al. 1992; 1995). With regard to lung toxicity, the mouse is considered more
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susceptible than the rat. This difference has been correlated to the higher rates of formation of
the epoxide 1R,2S-naphthalne oxide in lung microsomes and isolated airways of mice compared
to rats (Buckpitt et al. 1992; 1995). With regard to acute nasal injury to naphthalene, the rat is
considered to be the most sensitive (Plopper et al. 1992). These data suggest differences in
metabolism and toxicity and species susceptibility to naphthalene.

Toxicological Effects

Acute toxicity

Naphthalene is acutely toxic in the rat via the oral (Category III) and inhalation (Category II)
routes of exposure. In the rabbit, it is a moderate acute dermal toxicant (Category III). ‘Itis a
moderate (Category III) skin and eye irritant in the rabbit. Naphthalene is not a dermal sensitizer
in guinea pigs.

Subchronic oral

The primary effects observed in the subchronic rodent oral studies included body weight
changes, organ weight changes and /or clinical signs of toxicity following gavage treatment at
doses > 200 mg/kg/day. These studies are discussed below.

The most sensitive effect noted in a subchronic (13-week) rat study (NTP 1980a) was decreased
body weight gain. Body weight gain decrements exceeding 10% were observed in both males
and females administered 200 or 400 mg/kg/day. At the highest dose level, clinical signs
included lethargy, hunched posture, and roughened hair coats. High-dose rats also exhibited
marginal decreases in hemoglobin and hematocrit levels. Males in this group also displayed a
moderate increase in neutrophils and decrease in lymphocytes. Minimal to moderate renal
histological lesions (renal cortical focal lymphocytic infiltrate and focal tubular or cortical
diffuse regeneration) were noted in male rats treated with 200 mg/kg/day and 400 mg/kg/day.
There were no renal lesions in treated females, however, several females treated with 400 mg/kg
displayed moderate lymphoid depletion of the thymus. No effects were observed at 100

mg/kg/day (NOAEL).

Clinical signs of toxicity, including rough hair coats and lethargy, were observed in male and
female B6C3F1 mice exposed to 200 mg/kg/day (high dose) for 13 weeks (NTP 1980b). The
signs were transient and noted only during weeks 3 and 4. No effects were observed at 100

mg/kg/day (NOAEL).

No clinical signs of toxicity were noted in a published 90-day study in CD-1 mice administered
naphthalene at dose levels of naphthalene up to 133 mg/kg/day (Shopp et al. 1984). No
immunological effects were detected following application of an immunotoxicity test battery.
There were no biologically significant effects on mortality or body weights. Absolute weights of
the brain, liver and spleen were statistically significantly decreased (>10%) in the high-dose
females (133 mg/kg, the LOAEL). Relative spleen weights were significantly decreased by 24%
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in these females. However, no histological examinations were performed on organs to assess
significance of organ weight changes. No effects were noted at 53 mg/kg/day (NOAEL).

Shopp et al. also presented results of a 14-day study on naphthalene in the same strain of mouse.
Mortality was noted in the high-dose (267 mg/kg/day) males and females. Mean body weight in
the high-dose males was significantly decreased by 13% (data were insufficient to calculate
overall bodyweight gain decrement). Organ weight changes at the high dose included decreased
absolute thymus weights (males), decreased absolute and relative spleen weights (females), and
increased absolute and relative lung weights (females). However, histological examination of
these organs was not performed to assess significance of organ weight alterations. No effects
were seen at 53 mg/kg/day (NOAEL). :

Nasal lesions (inhalation)

Naphthalene has been well-studied by the inhalation route of exposure, including nose-only (4-
week, 13-week, and subchronic 90-day neurotoxicity) and chamber studies (2 year) in rodents.
These studies indicate that naphthalene is a nasal toxicant at low concentrations, and that nasal
lesions are the most sensitive endpoint via this route of exposure. Similar nasal lesions were
noted in these studies.

Nasal nonneoplastic lesions noted in the 4-week (nose-only) inhalation study (MRID 42934901)
in the rat included slight disorganization, rosette formation, basal cell hyperplasia, erosion,
atrophy, and degenerate cells in the olfactory epithelium, loss of Bowman’s glands, hypertrophy
of respiratory epithelium, rosette formation in the septal organ of Masera and fusion of
turbinates. Based on increased incidence and severity the LOAEL is 10 ppm and the NOAEL is

3 ppm.

Moderate degenerative changes in the olfactory epithelium, moderate to marked atrophy of
olfactory epithelium, minimal to moderate erosion of olfactory epithelium, moderate hyperplasia
of basal cells in olfactory epithelium, moderate rosette formation in olfactory epithelium, loss of
Bowman’s glands, hypertrophy of respiratory epithelium were noted in a 13-week (nose-only)
inhalation study (MRID 42835901) in the rat following exposure to 10 or 60 ppm naphthalene.
Similar findings were noted in rats at the low dose (2 ppm), but these changes were minimal.
However, several of the low-dose rats exhibited some loss of Bowman’s glands. The LOAEL is
2 ppm based on minimal nasal lesions and some loss of Bowman’s gland. A NOAEL was not
identified; however, a NOAEL of 1 ppm was identified in a similar inhalation study (MRID
44856401) conducted in the same laboratory (study discussed below). This similar study is a co-
critical study and used to derive a NOAEL for nasal lesions following nose-only exposures.

The results of the 13-week study (MRID 42835901) were supported by a similarly conducted
subchronic 90-day inhalation rat neurotoxicity study (MRID 44856401) in the same laboratory.
Findings included slight hyperplasia of the respiratory/transitional epithelium in the rostral
region, slight to moderate atrophy/disorganization of the olfactory epithelium, slight to moderate
hyperplasia of the olfactory epithelium, slight rosettes of the olfactory epithelium, slight
inflammatory exudate in the airway, moderate erosion/necrosis of the olfactory epithelium, and
loss of Bowman’s glands and olfactory nerve fibers in rats exposed to 10 or 60 ppm naphthalene.
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There were no apparent lesions of toxicological significance in rats treated with 1 ppm
naphthalene (LOAEL = 10 ppm; the NOAEL = 1 ppm). There were no treatment-related effects
on brain weight or neuropathology or clear evidence of direct behavior effects.

In a NTP chronic inhalation (chamber) study in the rat (NTP 2000) nasal lesions were observed
at all concentration levels (10, 30, or 60 ppm) and included atypical (basal cell) hyperplasia,
atrophy, chronic inflammation, and hyaline degeneration of the olfactory epithelium;
hyperplasia, squamous metaplasia, hyaline degeneration, and goblet cell hyperplasia of the
respiratory epithelium; and glandular hyperplasia and squamous metaplasia. The severities of
olfactory epithelial and glandular lesions increased with increasing exposure concentration.
Survival in the exposed groups was similar to chamber controls. Mean body weight gains in the
high-dose (60 ppm) males were significantly decreased throughout the study. The LOAEL is 10
ppm based on nasal lesions, and a NOAEL was not identified.

Nasal lesions were also observed in a NTP chronic inhalation chamber study (NTP 1992) in the
mouse at all concentration levels (10 and 30 ppm) and consisted of increased incidence and
severity of chronic inflammation, metaplasia of the olfactory epithelium, and hyperplasia of
respiratory epithelium. There was also increased incidence and severity of chronic inflammation
in the lung. The LOAEL is 10 ppm, and a NOAEL was not identified.

Dermal

In a 90-day dermal toxicity study in the rat (MRID 40021801), effects were noted only at the
high dose of 1000 mg/kg/day. These effects included excoriated skin and papules in both sexes;
atrophy of seminiferous tubules in the males; and nonneoplastic lesions in the cervical lymph
node (hyperplasia), liver (hemosiderosis), thyroid (thyroglossal duct cysts), kidneys
(pyelonephritis), urinary bladder (hyperplasia) and skin (acanthosis, hyperkeratosis) in females.
The NOAEL was 300 mg/kg/day. These results indicate that dermal toxicity is of low concern.

Neurotoxicity

Based on an overall review of the database (including acute oral neurotoxicity study and a
subchronic inhalation neurotoxicity study), there was evidence of some neurotoxicity (e.g., loss
of olfactory neurons following inhalation exposure; hunched posture and decreased motor
activity following oral treatment), however, the neurotoxicity was related either to localized
irritation on the nasal olfactory epithelium (portal of entry in the inhalation studies), or secondary
to a high dose bolus gavage administration in the oral toxicity studies. There were no effects on
brain weights or brain neurohistopathology in any of the studies with naphthalene. There was no
evidence of increased susceptibility (quantitative or qualitative) of rat or rabbit fetuses to in utero
exposure to naphthalene. :

Mutagenicity

Three genetic toxicology studies, in accordance with pre-1991 FIFRA requirements, were
submitted. Results show that naphthalene was negative for gene mutations in bacteria
(Salmonella typhimurium), micronuclei induction in mice and DNA damage in primary rat
hepatocytes. Accordingly, these studies satisfy the pre-1991 FIFRA requirements. Since that
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time, naphthalene was tested as part of the National Toxicology Program (NTP, 1992) for gene
mutations in S. fyphimurium, and was negative. NTP also found that naphthalene was positive
for sister chromatid (SCE) induction and chromosomal aberrations iz vitro in Chinese hamster
ovary (CHO). Published literature showed that naphthalene was not mutagenic in bacteria
(either Salmonella or Escherichia coli) or mammalian cells (human lymphoblastoid cells at the
HGPRT or TK loci). With the exception of the positive in vitro chromosome aberration and
SCE induction studies of NTP, naphthalene was not active at either endpoint in human

lymphocytes.

Several studies in the open literature show that naphthalene undergoes extensive oxidative
metabolism to form naphthoquinones, which are thought to generate ROS (superoxide anion
radical, hydrogen peroxide, hydroxyl radical and o-semiquinone anion radicals) via redox
cycling (Bolton, 2000). A number of investigators have reported evidence of naphthalene-
induced oxidative damage by ROS (reviewed in Stohs, et al., 2002). See A.3.6.

Based on the overall review of the database (including gene mutation, chromosomal aberrations,
unscheduled DNA studies), it is concluded that naphthalene does not act as a direct DNA
reactive mutagen. There some suggestive evidence it may cause DNA damage by an indirect or
secondary mechanism involving oxidative stress.

Developmental

No evidence of developmental toxicity was evident in the NTP developmental studies in the rat
and rabbit. In the rat developmental study, the developmental NOAEL was 450 mg/kg/day
(highest dose tested). In the NTP main developmental rabbit study, the maternal and
developmental NOAELSs were both 120 mg/kg/day (highest dose tested). In the NTP range-
finding developmental rabbit study, the developmental NOAEL was 500 mg/kg/day.

. Maternal toxicity (persistent clinical signs of lethargy, slow breathing, rooting behavior, and
significant decreases in body weights/body weight gains and food and water consumption) was
apparent in the developmental rat study (LOAEL = 150 mg/kgday; NOAEL = 50 mg/kg/day).

In the range-finding rabbit developmental study, mortality, decreased body weights and clinical
signs (diarrhea, lethargy) were observed in maternal rabbits treated with doses ranging from 150
to 500 mg/kg/day.

Based on available data (rat developmental study, rabbit developmental study including a range-
finder), there is no evidence of increased quantitative or qualitative susceptibility of rat or rabbit
fetuses to in utero exposure to naphthalene. In the rat, the developmental NOAELSs are higher
than maternal NOAELs. There are no residual uncertainties with regard to in utero toxicity; and
the toxicological database for naphthalene is substantially complete for a non-food use pesticide.
Although there are no reproductive toxicity studies, an extra uncertainty factor of 10 has been
applied to exposure scenarios that are based on less than lifetime exposures to account for lack of
reproductive toxicity and chronic toxicity studies.
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Dose-response

Inhalation (nose-only) toxicity studies on naphthalene have demonstrated increases in the
incidence and severity of nasal lesions with dose, and time-to-effect dependence, that is, longer-
term exposures result in effects at lower doses than short-term exposures. In the long-term
exposure chamber studies, the LOAELs were 10 ppm; NOAELs were not identified. The
subchronic inhalation neurotoxicity (nose-only) study established a NOAEL of 1 ppm. Dose-
related body weight decrement was noted in the NTP subchronic oral rat study (NOAEL = 100
mg/kg/day). In the NTP subchronic mouse study, clinical signs were observed at the highest
dose tested (LOAEL = 200 mg/kg/day; NOAEL = 100 mg/kg/day). Dose-related body weight
decreases and clinical signs of toxicity were noted in the NTP developmental rat study (maternal
NOAEL = 50 mg/kg/day). In the 90-day dermal toxicity study in the rat, effects (atrophy of
seminferous tubules in males; various nonneoplastic lesions in females) were seen only at the
limit dose of 1000 mg/kg/day. The NOAEL was 300 mg/kg/day. Therefore, dermal toxicity is
oflow concern. '

3.2 Absorption, Distribution, Metabolism, Excretion (ADME)

Naphthalene undergoes oxidative metabolism by cytochrome P-450 oxygenases resulting in the
epoxide 1,2-napthalene oxide (Buckpitt 2002). The epoxide can spontaneously hydrolyze to
naphthols and then form glucuronic acid or sulfate conjugates. Alternatively, the epoxide can be
conjugated with glutathione, as mediated by glutathione-S-transferase. Through several steps,
the glutathionyl conjugates are converted to mercapturic acids. The epoxide can also be
enzymatically hydrated by epoxide hydrolase to form 1,2-dihydorxy-1,2-dihydronaphthalene.
The latter compound can then undergo further reactions (catechol reduction followed by
oxidation) to form 1,2-naphthoquinone. Figure 1 below depicts the metabolism of naphthalene
and its potential role in the toxicity of naphthalene.
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FIGURE 1. Naphthalene Metabolism and Formation of Reactive Metabolites
(Source: Buckpitt 2002)
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3.3. Evidence of Neurotoxicity

The potential neurotoxicity of naphthalene has been examined in an acute oral neurotoxicity
study in the rat and a subchronic inhalation neurotoxicity study in the rat. ~ Although
neurotoxicity has been observed in several studies (refer to section 3.1.2), the neurotoxicity was
related either to localized irritation on the nasal olfactory epithelium (portal of entry in the
inhalation studies), or secondary to a high dose bolus gavage administration in the oral toxicity
studies. There were no effects on brain weights or brain neurohistopathology in any of the
studies with naphthalene. There was no evidence of increased susceptibility (quantitative or
qualitative) of rat or rabbit fetuses to in utero exposure to naphthalene.

Neurotoxicity was noted in an acute oral neurotoxicity study in the rat. Effects observed on Day
1 in rats treated with > 400 mg/kg included hunched posture (females), head shaking behavior
(males and females), and decreased motor activity (males and females). High-dose (1200
mg/kg) females exhibited elevated hind quarters and gait abnormalities. These effects were also
noted at day 7. All treated males and females displayed increased urination and defecation on
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Days 7 and 14. No treatment-related effects were seen in landing footsplay or fore- and hind-
limb grip strengths on any testing day. There was no difference in weight of the brain and
pituitary between the control and treated groups. Gross and microscopic examinations of central
and peripheral nervous tissue did not reveal any treatment-related effects. The LOAEL for
neurotoxicity of naphthalene in rats was 400 mg/kg bw based on clinical signs. The NOAEL was
not established.

Lethargy and hunched posture were apparent in F344 rats administered 400 mg/kg/day
naphthalene by gavage for 90 days (NTP 1980a). Lethargy and rough hair coat were observed in
B6C3F1 mice given a gavage dose of 200 mg/kg/day naphthalene for 90 days (NTP 1980b);
however, these signs were transient and occurred during week 3 and 4 of the study. No clinical
signs were reported in a published 90-day CD-1 mouse study (Shopp et al. 1984).

Apparent loss of olfactory nerve fibers were noted in the (nose-only) neurotoxicity study in male
and female rats exposed to 10 and 60 ppm naphthalene. The continuous nose-only exposure is
not a likely exposure scenario given the use pattern of naphthalene. In the NTP chronic
‘(exposure chamber) inhalation study in the rat, neuroblastomas occurred in female rats exposed
to 10, 30 or 60 ppm naphthalene, while in males these occurred at 30 or 60 ppm naphthalene.

3.3.1 Developmental Toxicity Studies

Well-conducted developmental oral toxicity studies in the rat (NTP 1991) and the rabbit (1992)
were available. The data provided no indication of increased quantitative or qualitative

susceptibility of rat or rabbit fetuses to in utero exposure to naphthalene. Developmental
NOAELSs are higher than maternal NOAELSs.

In the rat developmental study, the maternal LOAEL was 150 mg/kgday based on persistent
clinical signs of lethargy, slow breathing, rooting behavior, and significant decreases in body
weights/body weight gains and food and water consumption. The maternal NOAEL was 50
mg/kg/day. The developmental NOAEL is 450 mg/kg/day (highest dose tested).

In the NTP developmental rabbit study, the maternal and develbpmental NOAELs were 120
mg/kg/day (highest dose tested).

3.3.2 Reproductive Toxicity Study

There are no reproductive toxicity studies on naphthalene, a non-food use pesticide.

3.3.3 Additional information from Literature Sources

Published literature on the metabolism and mechanism of action of naphthalene have been
discussed in respective sections of this risk assessment.
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3.3.4 Recommendation for a Developmental Neurotoxicity Study

As discussed in section 3.1.2, neurotoxicity observed in several studies was related either to
localized irritation on the nasal olfactory epithelium (portal of entry in the inhalation studies), or
secondary to high dose bolus gavage administration in the oral toxicity studies. There were no
effects on brain weights or brain neurohistopathology in any of the studies with naphthalene.
Based on the rat developmental study, and the rabbit developmental (main and range-finding
studies), there was no evidence of increased susceptibility (quantitative or qualitative) of rat or
rabbit fetuses to in utero exposure to naphthalene. A developmental neurotoxicity study is not
required for naphthalene.

3.4 Hazard Identification and Toxicity Endpoint selection
Acute Reference Dose (aRfD) — Females age 13-49

No appropriate endpoint identified for this population.

Acute Reference Dose (aRfD) — General Population

Study Selected: Acute Oral Neurotoxicity Study - rat (OPPTS 870.6200a)

- MRID No.: 44282801

Dose and Endpoint for Establishing aRfD: LOAEL = 400 mg/kg based on hunched posture in
females, head shaking in males and females, and reduced motor activity in males and females.
These clinical signs are considered to be secondary to bolus administration of a high dose of
naphthalene. A NOAEL was not identified.

Comments on Study/Endpoint/Uncertainty Factors: The endpoint selected occurred following a
single exposure and is relevant for all populations, including infants and children. The
extrapolated NOAEL (40 mg/kg/day) is comparable to the NOAEL of 50 mg/kg/day identified in
pregnant female rats (NTP developmental rat study). The data (Day 1) were not suitable for
benchmark dose (BMD) analyses because of the lack of smooth dose response (i.e., either flat or
near maximal response). An UF of 1000 was applied to account for a lack of a NOAEL (10x),
inter-species extrapolation (10x) and intra-species variations (10x).

Acute RfD = 400 mg/kg/day (LOAEL) = 0.40 mg/kg/day
1000(UF)

Chronic Reference Dose

Study Selected:  NTP 90-Day Study in the Rat (1980)
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[Subchronic Toxicity Study: Naphthalene (C52904), Fischer 344 rats. Battelle's Columbus
Laboratories, Columbus, OH. Report to the U.S. Department of Heath and Human Services,
National Toxicology Program.]

MRID No.: n/a

Dose and Endpoint for Establishing the RfD: NOAEL = 100 mg/kg/day. LOAEL = 200
mg/kgday, based on decreased body weights/body weight gains.

Comments on Study/Endpoint/Uncertainty Factors: The endpoint is based on the most sensitive
effect noted in the subchronic oral rat study. The study is supported by the NTP subchronic oral
mouse study that indicated a clear NOAEL of 100 mg/kg/day. An UF of 1000 was applied to
account for extrapolation from subchronic to chronic exposure and chronic toxicity studies (10x),
inter-species extrapolation (10x) and intra-species variations (10x). This composite factor of
1000 was also address the lack of a reproductive toxicity study for this nonfood use pesticide.

Chronic RfD = 100 mg/kg/day (NOAEL) =0.10 mg/kg/day
1000(UF)

Incidental Oral Exposure (Short-Term)

Study Selected: NTP Developmental Study in the Rat (NTP 1991):
[Final Report on the Developmental Toxicity of Naphthalene in Sprague-Dawley (CD) rats. U.S.
Department of Heath and Human Services, National Toxicology Program.]

MRID No.: n/a

Dose and Endpoint for Risk Assessment: The incidental oral endpoint is based on maternal
effects observed in a developmental rat study, and is the appropriate duration for short-term
exposure scenarios. Maternal toxicity included persistent clinical signs of lethargy, slow
breathing, rooting behavior, and significant decreases in body weights/body weight gains and
decreased food and water consumption. The LOAEL is 150 mg/kg/day and the NOAEL is 50

mg/kg/day.

UF =100x (10x interspecies extrapolation, 10x intraspecies variability)

Comments on Study/Endpoint/Uncertainty Factors: The endpoints are considered relevant to
children. The NOAEL of 50 mg/kg/day is also considered protective since it is based on the
pregnant female rat (treatment was from GD 6-15) which may be more sensitive than
nonpregnant female rats and male rats after 90-day treatment. In this regard, a NOAEL of 100
was identified in both the NTP 13-week B6C3F1 mouse study and the NTP rat study. The
results of a 14- and 90-day published study on CD-1 mice (Shopp et al. 1984) established a
NOAEL of 53 mg/kg/day.
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Dermal Absorption

There are no in vivo dermal absorption studies. However, a dermal absorption factor is not
needed since there is an acceptable 90-day dermal toxicity study in the rat.

Dermal Exposure (Short-Term)

Study Selected: 90-Day Dermal Toxicity Study in the Rat

MRID No.: 40021801

Dose and Endpoint for Risk Assessment: The NOAEL of 300 mg/kg/day from a 90-day dermal
toxicity study in the rat is selected for dermal risk assessment. The LOAEL of 1000 mg/kg/day
is based on atrophy of seminiferous tubules in males, and nonneoplastic lesions in the cervical
lymph node (hyperplasia), liver (hemosiderosis), thyroid (thyroglossal duct cysts), kidneys
(pyelonephritis), urinary bladder (hyperplasia) and skin (acanthosis, hyperkeratosis) in females.

UF =100x (10x interspecies extrapolation, 10x intraspecies variability)
Comments on Study/Endpoint: Intermediate- and long-term dermal exposures are not

anticipated. The dermal risk assessment for short-term exposure scenarios is conservative since
it is based on a 90-day study.

Inhalation Exposure (All durations)

At this time, dose and endpoints have not been selected for the purposes of estimating human
inhalation risk. See Section 3.5 below.

Recommendation for Aggregate Exposure Risk Assessments

Nasal lesions have been observed in the inhalation toxicity studies but not in the oral toxicity
studies. Nasal lesions were the most sensitive endpoint in rodents. Body weight decrement was
the most sensitive effect in subchronic oral rat study. There were clinical signs of toxicity at
higher dose levels. Clinical signs of toxicity and body weight decrement were apparent in the
NTP rat developmental study. Clinical signs of toxicity were noted in the subchronic oral
B6C3F1 mouse study. There were no changes of toxicological significance in body weight gains
in treated mice. Although not the most sensitive endpoint, body weight decrement was also
noted in the inhalation toxicity studies (4-week nose only rat study; 13 week nose-only rat study;
subchronic neurotoxicity rat study; and chronic exposure chamber rat NTP study) at > 10 ppm
naphthalene. Body weight data in the NTP mouse study was presented only graphically. The
90-day dermal toxicity study in the rat revealed toxicity only at very high dose level (1000
mg/kg/day) that included atrophy of seminiferous tubules in males, and various nonneoplastic
lesions in females (skin, lymph nodes, liver, thyroid, kidneys, urinary bladder and skin). There
were no effects of on body weights in the dermal study. Based on the available data, an
aggregate exposure risk assessment is not supported as there is no common toxicity among all
routes of exposure.
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Classification of Carcinogenic Potential

In the NTP chronic studies, carcinogenic effects have been observed in both rats and mice
following inhalation exposure.

In the rat, nasal tumors included neuroblastomas of the olfactory epithelium and adenomas of the
respiratory epithelium. There was also an increase in the incidences of adenoma of the
respiratory epithelium. The NTP concluded that “under the conditions of this 2-year inhalation
study, there was clear evidence of carcinogenic activity of naphthalene in male and female
F344/N rats based on increased incidences of respiratory epithelial adenoma and olfactory
epithelial neuroblastoma of the nose.”

In the mouse study, male mice had statistically significant increased incidences of liver
adenomas, and adenomas and carcinomas combined. Female mice exhibited increased
incidences of alveolar/bronchiolar adenomas, and adenomas and carcinomas combined.

The NTP concluded that “under the conditions of this 2-year inhalation study, there was no
evidence of carcinogenic activity’ of naphthalene in male B6C3F1 mice exposed to 10 or 30
ppm. There was “some evidence of carcinogenic activity” of naphthalene in female B6C3F1
mice, based on increased incidences of pulmonary alveolar/bronchiolar adenomas.

The carcinogenic potential of naphthalene is currently undergoing review by EPA Integrated
Risk Information System (IRIS). Naphthalene has not been subjected to a full EPA/International
Programme of Chemical Safety (IPCS) framework for the analysis of a cancer mode of action
(MOA) and relevancy of animal MOA to human carcinogenicity.

3.5 Characterization of Inhalation Hazard

The primary adverse outcome reported in available studies (NTP cancer bioassay studies) using
rodents (rats and mice) exposed to naphthalene throughout their lives by the inhalation route is
respiratory tract (nose and lung) tumors. Naphthalene clearly induced nasal tumors in rats (both
male and female).Specifically, adenomas of the nasal epithelium and olfactory epithelial
neuroblastomas were observed. In mice, there was also some evidence of lung tumors in female
mice only (all but one of the neoplasms observed in the female mice were benign), but this was
less convincing than the tumor response in rats. The nasal tumors in rats appear to be secondary
to cytotoxicity because cytotoxicity is found to occur first and morphologically may represent a
precursor to the nasal tumors. Signs of cytotoxicity include: inflammation, degeneration,
metaplasia, and hyperplasia. No significant systemic toxicities (effects distal to the site of
exposure, the nose) or tumors were observed following inhalation exposure in rats and mice.

Information on naphthalene and human cancer is extremely limited. Although reports are found
in the literature, no conclusions can be drawn regarding the role, if any, of naphthalene in the
induction of human cancer. For example, all the cases of laryngeal cancer occurring in workers
involved in the purification of naphthalene involved smokers who were also exposed to other
substances, including coal tar volatiles (ATSDR 2005; IARC 2002). However, evidence does
indicate that cancers of the nasal passages are relatively rare in humans, with estimations of < 1
case/100,000 (Calderon-Garciduefias et al. 1999).
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A large number of genotoxicity studies are available on naphthalene (reviewed by ASTDR,
2005, EC-JRC, 2003; IARC, 2002; IPCS, 1998). There is little evidence that naphthalene induces
gene mutations. Some positive results are reported that suggest naphthalene is clastogenic
(chromosome breaking) in vitro. In vivo chromosome assays were negative. The available data
from short-term screening does not provide a convincing case that naphthalene is an in

vivo genotoxin. There is some limited evidence suggesting that naphthalene generates reactive
oxygen species, which can lead to oxidation of DNA and DNA damage. Nonetheless, it is not
possible to absolutely rule out the possibility of genotoxic action (including a role for oxidative
DNA damage) due to the absence of studies examining genotoxic endpoints in target tissues, the
nose and lung. Most of the experimental evidence suggests that the rodent tumor responses are
driven by the metabolism of naphthalene to cytotoxic metabolites inducing cell injury and
subsequent cell regeneration. As discussed below, the uncertainty of whether naphthalene poses
a human cancer concern at ambient or environmental levels of exposure arises because of the
potential species differences in rates of metabolism leading to its toxicity.

Critical research has been published indicating that metabolic activation is a required step for
naphthalene’s cytotoxicity (unmetabolized naphthalene is not the cause of the cytotoxicity or
tumors) and that there are notable species differences in the metabolism of naphthalene between
rodents and primates (Buckpitt et al. 1992, 1995, 2002; Bogen et al. 2008). Available research to
date indicates that the metabolism pathway in rodents is more active than in humans (i.e.,
humans have a slower rate of formation of the active metabolite) ((Buckpitt et al. 1992, 1995,
2002; Bogen et al. 2008).

Although rodents are likely to be more susceptible to naphthalene’s respiratory effects
(cytotoxicity and tumors) than humans, the human relevance of the rodent respiratory tract
tumors cannot be entirely dismissed. The issue of whether naphthalene poses a human health
concern at ambient exposures will be informed to large degree by an explanation of the process
by which naphthalene is absorbed, distributed, metabolized, and eliminated by the body
(pharmacokinetics). The pharmacokinetic (PK) model that will quantify the species difference is
not available now but is forthcoming in approximately 2-3 years.

Because rodents are likely to be more susceptible to naphthalene’s potential respiratory effects
than humans, there may not be a significant concern for respiratory toxicity in humans exposed
at ambient levels. It would be inappropriate to quantify non-cancer and cancer risks in humans
based on default methods which do not incorporate the critical dosimetry and metabolic
differences between primates and rodents. Thus, no quantification of either non-cancer or cancer
inhalation risks will be provided in this assessment. Instead of dose-response modeling, this
assessment 1) characterizes the uncertainties associated with species differences, and 2)
estimates the typical human exposures to ambient naphthalene and directly compares these to the
NOAELSs and LOAELs identified in the rodent studies. This comparison is informational only
and provides a sense of the difference between expected ambient levels of naphthalene that
humans may be exposed to and the levels that cause no effect, as well as a toxic effect, in
rodents.
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The available data indicate that the production of tissue reactive metabolites, e.g., 1,2-
naphthalene oxide, 1,2-naphthoquinone, 1,4-naphthoquinone, may be formed at a slower rate in
the human than in the rat at the same parent compound concentration (Buckpitt et al. 1992, 1995,
2002; Bogen et al. 2008). These reactive metabolites are critically involved in the respiratory
cytotoxicity and tumorigenic effects of naphthalene (Buckpitt et al. 1992, 1995, 2002; Bogen et
al. 2008; Shultz et al. 2001). Target specificity of response (i.e., nasal tissue in rats; lungs in
mice), is a reflection of the species differences in the metabolism of naphthalene and respiratory
anatomy and airflow pattern (Lee et al. 2005; Buckpitt et al. 2002; Bogen et al. 2008). Species
variation in metabolism can be explained by critical differences in the rate of formation of
specific stereoisomeric metabolites, the levels of cytochrome P450 (specifically CYP2F has been
studied), and catalytic activity of CYP2F. In contrast to rodents, primates do not contain
significant levels of CYP2F in the lung, and CYP2F levels in the nose are considerably lower
(Baldwin et al. 2004). Primates exhibit a slower rate of pulmonary metabolism of naphthalene,
about 100-fold lower than the mouse which has the highest activity (Buckpitt et al. 1992;
Baldwin et al. 2004; Bogen et al. 2004). The differences in the rate of metabolism of
naphthalene in nasal tissue may be related to differences in anatomy of nasal passages, CYP2F
expression, and stereochemistry of naphthalene epoxidation between primates and rodents
(Buckpitt et al. 1992).

Since the data available to date indicate that rodents are more susceptible to the cytotoxicity of
naphthalene, the use of rodents as a model without application of appropriate species scaling
accounting for species differences in dosimetry and metabolism would most likely result in
unrealistic estimates of human risk. Therefore, the current assessment provides, for
informational purpose, a comparison of points of departure (LOAELSs) from animal studies
resulting in toxic outcomes in the rodents and typical ambient levels of naphthalene found in
monitoring studies. A comparison was also made between the animal study dose in which no
adverse effects were found (NOAELSs) and ambient naphthalene levels.

Generally, in the absence of information on kinetics/dynamics, it is assumed that humans may be
10 times more sensitive than animals (10X interspecies factor). The current research indicates
that humans may actually be less sensitive than rodents because of differences in rate of
bioactivation of naphthalene as well as anatomical and physiological differences in the nose and
respiratory tract. These critical differences between primates and rodents have not been
accounted for in this assessment. Thus, with consideration of more appropriate species scaling
and dosimetry, the margins of exposure for human inhalation risk assessments are likely to be
larger than the differences calculated between the rodent NOAELs and LOAELs and the ambient
naphthalene levels.

Although the margins of exposure are anticipated to be greater than the comparison exercise in
this assessment, there are uncertainties in the database. For instance, CYP isoforms other than

. CYP2F (e.g., CYP2A, CYP2A13, CYP2J2 which have been detected in olfactory mucosa) and
the potential role of these other CYP isoforms in naphthalene metabolism have not been studied
(Ding and Kaminsky 2003). While CYP content in the nasal mucosa is high in many
mammalian species, this apparently is not the case for humans (Ding and Kaminsky 2003). In
addition, data on the kinetics of naphthalene metabolism in liver microsomes of humans reveal
lower Vmax (maximum rate of bioactivation) rates and lower affinity of naphthalene for various
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CYP forms (including some of those detected in olfactory mucosa and other areas of the
respiratory tract) compared to rodents, suggesting that rodents have a greater catalytic efficiency
of naphthalene metabolism (Cho, Rose and Hodgson, 2006; Bogen et al. 2008). However, studies
confirming that rodents have a greater catalytic efficiency of naphthalene bioactivation in nasal
tissues compared to primates are still part of ongoing research. There are no data to indicate that
humans have a slower rate of clearance, but if they did, then there would be a longer time for
humans to produce the active metabolite. The metabolic rates of other CYPs and clearance is
being addressed in the current PK model research, scheduled to be completed in 2-3 years.

Finally, OPP recognizes that in its previous assessment of para-dichlorobenzene, which is also
used in mothballs, risk estimates for non-cancer effects and cancer were quantified. OPP
acknowledges that the two mothball chemicals are being assessed differently. However,
available toxicity data supporting a mode of action for para-dichlorobenzene are more robust
than for naphthalene and could be used to characterize risk estimates. Furthermore, the
complexity of metabolic species differences in inhalation dosimetry and respiratory toxicity was
not an issue in the case of para-dichlorobenzene. Para-dichlorobenzene is a systemic toxicant,
whereas naphthalene acts as a "port-of-entry" toxicant, causing localized toxicity at the point of
impact.

3.6 Summary of Toxicological Doses and Endpoints for Naphthalene for Use in Human
Risk Assessments

Table 3..6 Toxicological Doses and Endpoints for Naphthalene for Use in Human Health Risk Assessments

Exposure/ Point of Uncertainty Level of Concern | Study and Toxicological Effects
Scenario Departure Factors for Risk
- Assessment
Acute Dietary | LOAEL = 400 | UFs=10x aRfD=0.4 Acute Oral Neurotoxicity Study -
All populations | mg/kg/day UFy=10x mg/kg/day Rat
including UF.= 10x ,
infants and NOAEL = not identified.
children

LOAEL = 400 mg/kg/day based on
hunched posture in females, head
shaking in males and females, and
reduced motor activity in males and

females.
Chronic Dietary | NOAEL= 100 UF = 10x cRfD=0.1 NTP Subchronic Rat Study
All populations | mg/kg/day UFy= 10x mg/kg/day
including UFs= 10x NOAEL = 100 mg/kg/day
infants and
children

LOAEL = 200 mg/kg/day based on
significant decreases in body
weights/body weight gains.
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Table 3..6 Toxicological Doses and Endpoints for Naphthalene for Use in Human Health Risk Assessments

Exposure/ Point of Uncertainty Level of Concern | Study and Toxicological Effects
Scenario Departure Factors for Risk
Assessment
Incidental Oral | NOAEL= 50 UF = 10x MOE= 100 NTP Developmental Rat Study
(Short-term; 1- | mg/kg/day UFy= 10x (residential)
30 days) NOAEL = 50 mg/kg/day
LOAEL= 150 mg/kg/day base