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Substance name:
Naphthalene
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CAS:    91-20-3


MW:
128.19
Synonyms:

Albocarbon 




Caswell No. 587 




Dezodorator 




MOTH BALLS 




MOTH FLAKES 




Naphthalin 




Naphthaline 




Naphthene 




NAPTHALENE, molten  




TAR CAMPHOR 




UN 1334 




UN 2304 

   WHITE TAR












Molecular formula:
C10H8



Structural formula:
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ppm to mg/m3 conversion factors at 25 oC and 760 mm/Hg: 5.24

1 ppm = 5.24 mg/m3
1 mg/m3 = 0.191 ppm

Physical characteristics at room temp:

white solid

Special physical characteristics if any:

flash point = 79 C (open cup)

Flammability and other hazards:


0.9-5.9% (LEL/UEL)

Odor threshold:




0.44 mg/m3 (air); 21 ug/L (water)

Major commercial form(s):  



liquid reagent, mothballs

Uses/applications:

· Intermediate in the production of phthalic anhydride, which is used in the synthesis of phthalate plasticizers, resins, dyes, insect repellents, pharmaceuticals, and phthaleins (60% of national production)

· Production of carbaryl (insecticide), synthetic leather-tanning agents, surface active agents (sulfonates, used as dispersants in paint, dye, and paper-coating formulations), inks and dyes, synthetic resins, celluloid, lampblack, smokeless powder.

· Moth repellent (crystalline form; 5 % of total use)

· Deodorizers for diaper pails and toilets

· Naphthalene occurs naturally in coal tar, comprising approximately 11% of the total mass, and is present in gasoline and diesel fuels.

· Produced naturally when organic material is burned.

Organizational sources and recommendations 

Title 8 PEL:


10 ppm (52.4 mg/m3, vacated)





ACGIH TLV (2002):

10 ppm (52.4 mg/m3) lowered from 50 ppm

ACGIH STEL (2003):
15 ppm (78.6 mg/m3) 

NIOSH REL (2003):

10 ppm (52.4 mg/m3) 
NIOSH STEL (2003):
15 ppm (78.6 mg/m3) 

OSHA PEL:


10 ppm (8-hour TWA)

OEL (Argentina, 1991):
9.55 ppm (50 mg/m3)

OEL (Australia, 1993):
9.55 ppm (50 mg/m3)
OEL (Belgium, 1993):
9.55 ppm (50 mg/m3)

OEL (Canada, 1994):
9.55 ppm (50 mg/m3)

OEL (Denmark, 1993):
9.55 ppm (50 mg/m3)

OEL (Finland, 2002):
9.55 ppm (50 mg/m3)
OEL (France, 1993):

9.55 ppm (50 mg/m3)
OEL (Germany, 2001):
9.55 ppm (50 mg/m3)

OEL (Hungary, 1993):
7.64 ppm (40 mg/m3)
OEL (Ireland, 1997):
9.55 ppm (50 mg/m3)

OEL (Netherlands, 1999):
9.55 ppm (50 mg/m3)
OEL (Phillipines, 1993):
9.55 ppm (50 mg/m3)

OEL (Poland, 1993):

9.55 ppm (50 mg/m3)

OEL (Russia, 1989):

3.82 ppm (20 mg/m3)
OEL (Sweden, 1991):
0.0382 ppm (0.2 mg/m3)

OEL (Switzerland, 1993):
9.55 ppm (50 mg/m3)

OEL (U.K., 2000):

9.55 ppm (50 mg/m3)
MAK:



9.55 ppm (50 mg/m3)
WEEL: 


Not Available
OEHHA Chronic REL:
0.002 ppm (0.009 mg/m3; UF=1000)

Prop 65 NSRL:

0.0058 mg/day
OEHHA Potency Factor:
0.12 (mg/kg-day)-1 

EPA WOE:

Group C (possibly carcinogenic to humans; limited animal and no human data)

EPA Slope Factor:

Not Available
EPA RfD:


0.02 mg/kg-day (UF = 3000)
EPA RfC:


0.00057 ppm (0.003 mg/m3) (UF = 3000) 
ATSDR MRL:

0.0007 ppm (UF = 300)
IARC:




Group 2B (Agent is possibly carcinogenic to humans) (IARC, 2002).  IARC noted that there is ‘inadequate evidence in humans for the carcinogenicity of naphthalene’, but there is ‘sufficient evidence in experimental animals for the carcinogenicity of naphthalene’)
Peer-reviewed journal articles and other studies
 (Focusing on Inhalation)

ATSDR (2004) lists only two acute animal inhalation studies, no subchronic studies, and three chronic studies.  The chronic studies are the two NTP studies discussed below, and a published summary of the 2000 data by Abdo (2001).



	Author/date
	Study type
	Results
	Discussion and Assessment

	Human Data
	
	
	

	Robbins, 1951       (Apparent source of ACGIH TLV)
	Inhalation – occupational
	Ocular irritation at and above 15 ppm (LOAEL)
	ACGIH TLV said that 10 ppm should be low enough to minimize the potential for ocular toxicities, citing this study as the basis.  Sweden makes the same conclusion.

	Linick, 1983
	Inhalation – subchronic residential
	Nausea, vomiting, abdominal pain, anemia
	8 adults and 1 child exposed to vapors at 20 ppb (0.105 mg/m3) from mothballs in home.  Symptoms abated after exposure stopped.

	Ghetti and Mariani, 1956
	Inhalation – subchronic occupational
	Eye pinpoint opacities
	8 of a total of 21 employees exposed to fumes for up to five years reported these results, but vision was not impaired.  Exposure concentrations were not reported. ATSDR (2004) support for this postdating 1956 could not be found.  ATSDR stated that ocular and dermal exposure likely contributed to the toxicity. 

	Meyer, 1955
	Inhalation -occupational
	Lens opacities
	No exposure levels reported; cited by ACGIH supporting Ghetti and Mariani, 1956. ATSDR (2004) support for this postdating 1956 could not be found.

	Wolf, 1978
	Inhalation – occupational
	Rhinopharyngolaryngitis and/or laryngeal carcinoma
	More than half of 15 workers developed these symptoms.  No exposure concentrations reported.

	Valaes et al., 1963
	Inhalation – infant residential
	Methemoglobin, fragmented red blood cells, kernicterus, death (2)
	Ten children had a genetic deficiency in glucose-6-phosphate dehydrogenase.

	Price and Javjock, 2007
	Exposure concentrations: overview
	Occupational levels range from 10-300 ug/m3 (TWA) in refining and petroleum industries, asphalt industries paving and roofing, and industries using pitch to manufacture graphite electrodes.  Levels range from 100-3000 ug/m3 (TWA) for creosote production and use, jet fuel exposures, coal tar and coke industries, mothball production, naphthalene production from coal tar, and industries that use naphthalene as a raw material.
	The range across all evaluated industries is 1.91 ppb to 570 ppb.  Occupational exposures are therefore about 10 to 100 times lower than the air concentrations used in animal bioassays.  Cigarette smoking can yield significant exposures, corresponding to an air concentration up to 4 ug/m3.  

	Animal Data
	
	
	

	NTP, 1992

(Source of OEHHA REL and USEPA RfC)
	Chronic inhalation in mice: 6 hr/day, 5 day/week, 104 weeks
	LOAEL = 10 ppm
	Olfactory epithelial metaplasia, respiratory epithelial hyperplasia, inhibition of aryl hydrocarbon hydroxylase.  UF of 3,000 used by USEPA, 1,000 by OEHHA.  Intraspecies UF of 10 used rather than HEC approach.

	NTP, 2000, interpreted by California ARB, 2004

(Source of OEHHA Potency Factor)
	Chronic inhalation in rats: 6.2 hr/day, 5 day/week, 105 weeks
	Unit Risk Value (URV) = 0.034 (mg/m3)-1
	Interspecies scaling factor used; different from RfC/REL. These studies found clear evidence of carcinogenic activity in male and female rats, based on increased incidences of rare tumors, respiratory epithelial adenoma and olfactory epithelial neuroblastoma of the nose, in both sexes.  Respiratory epithelial adenoma incidence occurred with a positive dose-response trend in male rats and was significantly increased in all exposed male rat groups. Additionally, almost all of the male and female mice in the NTP 1992 inhalation studies demonstrated increased nasal respiratory epithelium hyperplasia and olfactory epithelium metaplasia.  These tissue types correspond to the tumor sites observed in rats exposed to naphthalene by inhalation. Until more reliable estimates become available CalEPA assumed there are no significant differences in uptake between mice and rats used in the NTP bioassay.  Also CalEPA assumed similar uptake in humans exposed to low levels of naphthalene. Used linearized multistage model using 1992 and 2000 NTP data from both species.  Benchmark dose approach was incorporated.  URV based on male rats as most sensitive.

	Buckpitt and Bahnson, 1986
	Lung microsomes of mice and rhesus monkeys
	Metabolites and rates differ
	Mouse metabolism about 100 times that of monkeys in the lung

	Buckpitt and Franklin, 1989
	Liver and lung in vitro metabolism study
	Stereoselective epoxidation impacts toxicity and species sensitivity
	Epoxidation is a required intermediate to production of 1-naphthol, 1,2-dihydrodiol, and glutathione conjugates.  

	Campbell et al., 2008
	Hybrid CFD-PBPK Model for nasal dosimetry
	Model predicted naphthalene nasal concentrations within one standard deviation of all concentration/flow rate concentrations.
	Computational fluid dynamic (CFD)-PBPK model used to estimate a human equivalent dose in the nose that is equal to the nasal dose in rats.  Default regional gas dose ratios (RGDRs) for a category 1 (reactive) gas are about 0.2.  The model accurately predicted both iv and inhalation doses when assuming an RGDR or approximately 1, or 5-fold less conservative than the default value.  Therefore, adjusting a rat dose to an HEC (human equivalent concentration) should not incorporate default values.

	Simmons et al., 2008
	Rat nasal uptake, in vivo and in vitro studies
	Scrubbed with moderate efficiency in the upper respiratory tract.  Metabolism contributes to the uptake.
	High to low dose extrapolations should include consideration of appropriate metabolic parameters, as should extrapolation across species.

	Adams, 1930
	Rabbits; acute ingestion
	Lens opacities
	Range of exposure levels reported. Cited by ACGIH supporting Ghetti and Mariani, 1956.  ATSDR (2004) support for this endpoint postdating 1956 could not be found.


From: DeStefano Shields et al., 2008.

HEAC Health-based assessment and recommendation

The cancer assessment by OEHHA focused on the NTP 2000 rat study rather than the NTP 1992 mouse study since the mouse data provided only “equivocal” evidence of carcinogenicity.  The rats demonstrated a clearer dose-response relationship, particularly of rare neuroblastomas in the nose, and appeared to be more sensitive to naphthalene than the mouse.

A 3-day symposium on the state of the science of naphthalene was convened in Monterey, California in 2004.  The symposium was sponsored by Regulatory Checkbook, and included Ph.D.-level toxicologists with specializations in inhalation toxicology and/or mode of action.  This expert panel included representatives of industry, academia, and government, and papers were compiled into a special issue of Environmental Toxicology and Pharmacology (Volume 51, Supplement, 2008).  Given the interpretations and conclusions presented in the papers by the expert panel (D. Warner North, Paul Price, Ken Bogen, David Brusick), an outside third-party opinion provided by Dr. Byron Butterworth (2004), and this author’s discussions with the principal investigator that has conducted research on the mode of action of naphthalene for decades (Alan Buckpitt, 2008), naphthalene should be regulated based only on its noncancer effects.   The reasons for this include the following key points:

· Naphthalene failed to produce liver tumors in either mice or rats.  Given the genetic predisposition of B6C3F1 mice for susceptibility to liver cancer, the lack of liver tumors is strong indication that naphthalene is not genotoxic.  This is despite the formation of naphthalene-1,2-epoxides by CYP enzymes in the liver.

· Naphthalene tested negative in seven well-validated in vivo genotoxicity and/or cancer assays, providing evidence that naphthalene is not genotoxic.

· Negative results in widely accepted in vitro assays further confirm the lack of genotoxic activity of naphthalene.

· Nasal tumors were only found in tissues also affected by cytotoxicity.

One manuscript (North et al., 2008) indicates that the expert panel judged the naphthalene concentrations used in the NTP (1992 and 2000) studies were above the maximum tolerated dose (MTD), resulting in almost 100% of animals with nasal inflammation.  This clearly compromised the health and well-being of the laboratory animals.  The authors further cite the National Research Council report from 1993 stating “the committee concludes that the MTD bioassay as currently conducted in rodents is most useful as a qualitative screen to determine whether a chemical has the potential to induce cancer…It does not provide (nor was it intended to provide) all the information useful for low-dose human risk assessment”.  The committee also stated “without accompanying information on mechanics or results at low doses, animal bioassay results alone (i.e., without parallel data on mechanisms and dose-response relationships) do not add greatly to our ability to make regulatory decisions because of the uncertainty about the human implications of positive results in animal bioassays”.  For naphthalene, we have much of this parallel data, all of which contradicts the findings of the NTP studies using doses exceeding the MTD.
The expert panel provided the following unanimous conclusion: “It is extremely improbable that environmental, non-cytotoxic exposure levels of naphthalene induce tumors at rates that can be predicted meaningfully by simple linear extrapolation form those observed in rodents chronically exposed to far greater, cytotoxic naphthalene concentrations” (Bogen et al., 2008).  Also, another expert committee member stated that “reviews of genotoxicity studies conducted with naphthalene demonstrate that most, if not all, of the positive findings can be explained by cytotoxicity and not direct interaction of the chemical with DNA” (Brusick et al., 2008).  These conclusions are consistent with an independent conclusion reached by Butterworth (2004).  
Similarly, IARC (2002) made the following conclusion in their monograph on naphthalene:  “Taken together, results of available genetic toxicity assays and the association between cell damage and tumors at target sites suggest that naphthalene carcinogenesis involves cytotoxicity rather than mutagenesis as the primary event, with tissue regeneration and possible chromosomal changes occurring thereafter, consistent with a threshold-related model of action”.  Therefore, protection of cytotoxicity should also provide protection against development of tumors.
Using the unit risk factor developed by OEHHA of 0.034 (mg/m3)-1 combined with measured air concentrations of naphthalene from mothball vapors, indoor combustion, and cigarette smoking, it was estimated that approximately 15,000 neuroblastomas per year should be diagnosed in the nose due solely to naphthalene exposure.  In actuality, between 40 and 100 cases of nasal neuroblastomas are diagnosed each year (Magee and Haines, 2008).  This provides additional support that use of a slope factor to regulate naphthalene does not conform to either existing data or current knowledge of the mode of action of the chemical. 

Noncancer Assessment:  Based on the NTP (1992) 2-year cancer study in B6C3F1 mice, the same study used by OEHHA to develop the REL, and by USEPA to develop their RfC.  The study identified a chronic lowest-observed adverse effect level (LOAEL) of 10 ppm for nasal tissue hyperplasia, using an exposure regime of 6 hours/day, 5 days/week.  Adjustments to an occupational setting are only needed with regard to daily exposure (8 hours rather than 6 hours).  The following calculations apply:

10 ppm x 6 hr/d  =  7.5 ppm (39.5 mg/m3).


      8 hr/d

Converting this to a NOAEL incorporates a default uncertainty factor of 10, resulting in a value of 0.75 ppm (3.9 mg/m3).  This value is supported by recent results from Gross et al. (2008), indicating a NOAEL of 1.0 in mice acutely exposed to lower concentrations than those used in the NTP studies.  Converting this chronic NOAEL to a human value then follows:

Parameter




Value

Basis
Chronic NOAEL (8 hr/day, 5 d/wk)

0.75 ppm
Calculated from LOAEL using UF = 10

UF for intraspecies variability                       1
Deficiency of erythrocyte glucose-6-phosphate dehydrogenase
 (not linked to nasal hyperplasia)
UF for interspecies extrapolation                  1
Metabolically activated in nose; rates similar in humans and rats

OEL Recommendation
0.75 ppm
Chronic LOAEL divided by total UF = 10

OEL:  0.75 ppm or 3.9 mg/m3.  This is above the odor threshold, allowing for warning properties at concentrations below the OEL.

No skin notation recommended since animal studies have shown only dermal irritation following chronic dermal exposure.  The only toxicity associated with dermal exposure is in infants with an enzyme deficiency, which can lead to hemolytic anemia; this is not relevant to the workplace.
No STEL recommended.  LC50 in rats is 170 ppm (890 mg/m3).
Use of a UF = 1.0 for interspecies extrapolation is justified as follows.  Research by Buckpitt et al. (1992, 1995, 2002) indicates that metabolic activation of naphthalene, which is required for cytotoxicity, occurs in rat lung at a rate of 10-100 times higher than in rhesus monkeys (and, by analogy, humans).  However, recent studies on nasal metabolism in monkeys and rats (Buckpitt, 2008, DeStefano et al., 2008) indicate similar bioactivation rates.  Therefore, humans should be equally sensitive to nasal cytotoxicity as are rats.  

Use of a UF = 1 for intraspecies variability should be adequate to address the subpopulation of enzyme deficiency – this deficiency should not affect the nasal toxicity.  Since the primary toxicity upon which the OEL is based is the nose, use of a UF greater than 1 is not warranted.

The total UF of 10 is consistent with other chemicals for which LOAELs were used as the basis for ACGIH TLVs (ICF Kaiser, 2001).

Usage information
According to ATSDR, in 2002 more naphthalene was produced in California than any other state.

Air Toxics Hot Spots Act reporting (1999) = 164,459 pounds.

Measurement information

OSHA Method



Sample preparation 






Assay procedurea

 Limit of detection 


Adsorb (charcoal or Chromosorb W); desorb (CS2)  


GC/FID 

1–10 μg/sample [Method 1501] 

Adsorb (solid sorbent); desorb (organic solvent) 


HPLC/UV 
0.6–13 μg/sample [Method 5506] 

Adsorb (solid sorbent); desorb (organic solvent) 


GC/FID 

0.3–0.5 μg/sample [Method 5515] 
NIOSH Method: S292






GC/FID 


0.08 ppm (0.4 mg/m3)
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