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ABSTRACT 

Naphthalene, a constituent of coal tar, is a contaminant frequently found at former manufactured gas plants (MGP). 
Development at these sites has resulted in residential and commercial areas with potential exposures from vapor intru- 
sion adversely affecting indoor air of residences and buildings. Naphthalene is routinely analyzed in soil vapor intrusion 
assessments for properties overlying and surrounding former MGP sites. The United States Environmental Protection 
Agency (EPA) has a proposed unit risk factor and the State of California has promulgated a unit risk factor for naphtha- 
lene. Naphthalene exposure from vapor intrusion is potentially a public health risk. The purpose of this study was to 
evaluate three sites located in the northeast United States to determine the frequency of naphthalene detection in indoor 
air. A total of 79 properties were included in the study. A total of 546 indoor air samples were analyzed for naphthalene 
on 161 occasions. Naphthalene concentrations ranged from 0.26 to 51 µg/m3 of air. Only 3 of the 546 indoor air sam- 
ples detected naphthalene above the ninety-fifth percentile background value of 12 µg/m3 of air. Risk analysis indicated 
naphthalene vapor intrusion was not a public health risk among the 79 properties built on or near the former MGP sites. 
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Plant 

1. Introduction 

Naphthalene is a polycyclic aromatic hydrocarbon (PAH) 
that is found in coal and oil-derived materials and is of- 
ten present in soil, water, and air at and around industrial 
and manufactured gas plant (MGP) sites. Naphthalene is 
a volatile organic compound frequently used as an indi- 
cator chemical of potential manufactured gas plant (MGP) 
contamination [1]. During the early 20th century, manu- 
factured gas plants (MGP) were widely used for the pur- 
pose of generating a local gas supply through the conver- 
sion of coal into natural gas. The gasification of coal 
generates coal tar, an oily compound containing multiple 
volatile organic chemicals (VOCs) including benzene,  

toluene, methylbenzenes, xylene isomers (BTEX) and 
semi-volatile organic compounds (SVOCs) such as ace- 
naphthene, acenaphthylene, naphthalene, phenanthrene, 
phenols, and pyrene. 

An estimated 1500 abandoned MGP sites in the US are 
thought to present a potential public health hazard to the 
surrounding properties redeveloped for commercial and 
residential use. The United States Environmental Protec- 
tion Agency is just one of many state and federal envi- 
ronmental agencies that have recommended assessment 
and remediation for the MGP sites [2]. The cost of reme- 
diating these MGP sites may reach millions of dollars [3]. 
Since compounds like naphthalene may be present in 
non-aqueous phase liquids (NAPL), the concern has ex- 
panded from possible soil and groundwater contamina- 
tion to the potential for soil vapor intrusion [4]. Inhala- 
tion exposure via soil vapor intrusion to the chemicals  
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commonly found at MGP sites is a concern because of 
the potential for adverse effects on human health [5-9]. 

A major concern regarding the regulation of low level 
naphthalene exposure is the issue of naphthalene’s poorly 
characterized potential for carcinogenicity. The Naph- 
thalene State-of-the-Science Symposium (NS3) in 2006 
cites numerous issues in the regulation of naphthalene as 
a carcinogen, including the lack high quality epidemiol- 
ogical studies that support general causation between low 
level naphthalene exposures and cancer in humans. This, 
combined with the ubiquitous nature of naphthalene ex- 
posure in outdoor air and common household products, 
makes the regulation of low level naphthalene from 
potential industrial contamination challenging [10]. 

The purpose of this study was to assess three aban- 
doned MGP sites across the US Northeast for the poten- 
tial of harmful soil vapor intrusion (SVI) of naphthalene 
and to quantify the concentration of naphthalene if de- 
tected. The results were analyzed to determine whether 
naphthalene presented an appreciable human health risk 
via soil vapor intrusion at the selected MGP sites. Regu- 
latory guidance for the evaluation of low level naphtha- 
lene exposures is also explored. 

2. Methods 

2.1. Site Evaluation 

This study evaluated 79 properties, including commercial 
and single family/multi-family residential properties with 
potential naphthalene SVI from three former MGPs lo- 
cated in the northeastern United States. These properties 
were between 0 - 2500 feet of the plume or source mate- 
rial at each site. The former MGP sites all overlaid per- 
meable glacial outwash sands. The properties adjacent to 
or overlying MGP tar source material and/or naphthalene 
plumes were assessed for naphthalene SVI. Each of the 
evaluated properties received potable water from mu- 
nicipal sources. In order to assess the effect of depth to 
groundwater on the SVI potential, each site was catego- 
rized by vadose zone (region of aeration above the water 
table): no vadose zone; water table within 6 feet of the 
building slab (0 - 6 feet vadose zone); and water table 
between 6 and 25 feet of the building slab (6 - 25 feet 
vadose zone). The distance to the dissolved phase ground- 
water plumes ranged from 2 to 35 feet below ground 
surface (BGS). 

Prior to assessing any possible vapor intrusion, a for- 
mal analysis of structural factors (basement, crawl spaces, 
etc.) that would contribute to the migration of soil vapor 
was performed. A building survey and chemical inven- 
tory was conducted to identify the presence or absence of 
such factors. Naphthalene is present in multiple comer- 

cial and consumer products (cigarettes, mothballs, insec-
ticides, etc.) so its presence is not indicative of SVI [11]. 
The existence of HVAC systems, fireplaces and clothes 
dryers were included in the analysis as these can create a 
pressure differential which may provide a pathway for 
vapor intrusion.  

2.2. Sample Collection and Analysis 

Samples of indoor and ambient air were collected, in 
addition to sub slab, proxy sub slab or soil vapor samples. 
If they were present, groundwater samples were also 
collected. Both indoor and soil vapor samples were gath- 
ered using Summa or equivalent canisters. Each soil 
vapor sample point was sampled beneath an enclosure 
enriched with helium gas to evaluate potential infiltration 
of ambient air during the collection of the soil vapor 
sample. Helium was not detected within soil vapor sam- 
ples verifying the integrity of the soil vapor probe seal at 
the time of sampling and that the soil vapor samples were 
representative of subsurface conditions [1]. 

Sub-slab soil vapor samples were collected in those 
properties with a vadose zone detected beneath the bui- 
lding slab. Soil vapor samples were collected beneath 
surrogate caps such as a driveway or patio when the wa- 
ter table was present above the basement slab. Indoor air 
samples were collected in those properties without a va- 
dose zone. The majority of the samples were collected 
from November 15 to March 31 to coincide with heating 
season in the northeastern United States. 

2.3. Risk Assessment 

Data from 546 indoor air samples were analyzed for 
naphthalene in accordance with USEPA method TO-14A 
or TO-15. An independent reviewer validated all ana- 
lytical laboratory results. As previously described in 
DeHate, et al. 2011, this method directs a known volume 
of sample through a multisorbent concentrator [1]. Water 
vapor from the sample breaks through the concentrator. 
The amount of vapor is dependent upon sampling dura-
tion and concentrator composition. After concentration 
and drying are complete, the naphthalene is desorbed, 
entrained and focused using a small volume multisorbent 
or reduced temperature trap. 

The samples are thermally desorbed and separated via 
gas chromatography. Helium is used as a tracer gas to 
verify the integrity of the soil vapor probe seal and en- 
sured the samples were representative of the subsurface 
conditions. Analysis was conducted by Alpha Woods 
Hole in Westborough, Massachusetts, a New York State 
Department of Health approved laboratory for identifica- 
tion and quantification of sample constituents using high 
resolution gas chromatography (GC) and mass spectros- 
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copy. Helium analysis was conducted using the Ameri- 
can Society for Testing and Materials (ASTM) Method 
1946. This data was then compared to both regulatory 
and proposed guidance values for health risk to draw 
inferences as to the safety of the exposures observed. 

3. Results 

3.1. Exposure Assessment 

The comparative data base used in this study as back-
ground values was the New York State Department of 
Health (NYSDOH) Guidance for Evaluating Soil Vapor 
Intrusion in the State of New York, 2006. Appendix C of 
this document contained the NYSDOH 1997: Control 
Home Database. From 1989-1996, the NYSDOH col-
lected 228 indoor and outdoor air samples from 53 resi-
dences used as control homes in New York State inves-
tigations. In this study control homes were defined and 
selected to represent homes with neighborhood, con-
struction, and occupancy similar to homes being investi-
gated for VOC impacts on indoor air. Control homes also 
had no unusual source of VOCs, such as past oil spill, 
recent refinishing or painting activities, or proximity to 
the VOC source being investigated. This data set con-
tains the comparative values for naphthalene used in our 
study. 

Sites A, B and C properties are described in Table 1. 
Nearly all of the obtained naphthalene concentrations fell 
within the background concentration range. Detected 
naphthalene concentrations ranged from 0.26 to 51 µg/m3. 
Three of the 546 indoor air samples detected naphthalene 
above the 95th percentile background value of 12 µg/m3. 
All three of these detections were associated with Site A. 
Overall, naphthalene was detected in less than 1% of the 
546 indoor air samples. 

A critical review was conducted of the three sites 
where naphthalene was detected above background lev-
els. One of these detections was determined to be the 
result of a consumer product containing naphthalene 
(mothballs) that was present in the residence, rather than 
SVI. At a second property, naphthalene was detected in a 
sump room air sample where impacted sump water was 
present. Naphthalene was not detected in seventy-one 
other samples taken at the same location during six sepa-
rate sessions. Naphthalene was also detected in a sample 
from the second floor of the building. Seven other sam-
ples collected at the same property failed to detect naph-
thalene in the soil vapor or in the indoor air on the first 
floor. 

We were unable to obtain the actual data set from the 
NYSDOH, so we compared the concentrations from our 
sites to the percentile categories from the NYDOH sum- 
mary tables. Figures 1-3 describe the percent of concen-  

Table 1. Summary of data collected at evaluated sites. 

 Site A Site B Site C Total

Number of properties 66 6 7 79 

Number of events 143 9 9 161

Number of samples 508 22 16 546

Minimum detection (µg/m3) 0.26 0.26 0.42  

Maximum detection (µg/m3) 51 7.8 2.1  

Number exceeding 12 (µg/m3) 3 0 0 3 

 

(<2
μg/m3)
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Figure 1. Results at Site A by quartile compared to NYS-
DOH indoor background level quartiles. 
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Figure 2. Results at Site B by quartile compared to NYS-
DOH indoor background level quartiles. 
 

(<2μg/m3) (<10μg/m3)  (<10μg/m3)  (<12μg/m3)

 

Figure 3. Results at Site C by quartile compared to NYS-
DOH indoor background level quartiles. 
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trations at each site measured above the 25th, 50th, 75th, 
and 95th percentile concentration in the NYSDOH sum- 
mary tables. Figures 1-3 show that fewer samples in our 
data set exceed the NYSDOH percentile concentrations; 
meaning our site data was centered around lower con- 
centrations of naphthalene than that of the NYSDOH 
data set. 

3.2. Risk Assessment 

Using the Unit Risk Factors of 1E-04 and 3.4E-05 
(promulgated by the USEPA and the OEHHA of the 
State of California, respectively) in conjunction with the 
ambient naphthalene concentrations set forth by ATSDR, 
the risks are calculated and shown in Table 2. Most of 
these values exceed the USEPA acceptable risk range 
(1E-04 to 1E-06) and all exceed the acceptable risk set 
forth by states with more conservative values (1E-05; CA, 
MA). Similar results have previously been published for 
ambient air benzene levels; i.e. the generation of theo- 
retical risk values in excess of regulatory limits for back- 
ground exposures [12]. 

4. Discussion 

This study assessed the potential public health risks 
posed by soil vapor intrusion from naphthalene contami- 
nation at residential and commercial properties abutting 
and overlying former MGP sites. Actually measuring 
indoor exposures provided valuable data as predictive 
models based on attenuation factors may be subject to 
large degrees of variability in their predictive value [13]. 
As previously stated, naphthalene was detected in less 
than 1% of the indoor samples, indicating negligible 
public health risk from naphthalene vapor intrusion im-
pacting indoor air in the 76 properties built on or near the 
former MGP sites. Additionally, only 3 of the 546 indoor 
air samples registered naphthalene concentrations above 
the ninety-fifth percentile background value of 12 µg/m3 

of air. These 3 detections could be explained by sources 

of naphthalene other than soil vapor intrusion from the 
former MGP sites. Overall, the measurements are con-
sistent with other investigations of background levels of 
indoor naphthalene that typically range from 0.89 µg/m3 
to 3 µg/m3, occasionally ranging as high as 200 µg/m3 
[14]. 

The majority of the buildings and residences in this 
study were built in the late 1950s to early 1960s; how- 
ever some of these buildings were over 100 years old. 
The residential buildings were primarily wood frame 
over a concrete foundation and a basement. Several of 
the structures included crawl spaces and basements with 
soil rather than concrete floors. The commercial build- 
ings were generally concrete block with concrete founda- 
tions and basements. The majority of the structures as- 
sessed used sumps to capture groundwater under and 
around basements. Age and construction type of the 
buildings appeared to have limited impact on SVI. Fac- 
tors such as natural attenuation and a protective layer of 
clean groundwater between the building and the naph- 
thalene plume can act to mitigate SVI. Though internal 
building pressure is known to affect the potential for va- 
por intrusion, this did not appear to be a factor in this 
study [15]. Additionally, some bacteria use contaminants 
as a carbon source reducing or sometimes even eliminat- 
ing the VOCs available for SVI [16]. It is likely that the 
substantive exposures measured in this study are a result 
of background exposure and consumer product use rather 
than contamination from former MGP activity. 

According to the International Agency for Research on 
Cancer (IARC) and the National Toxicology Program 
(NTP), naphthalene is reasonably anticipated to be a hu-
man carcinogen [17,18]. This conclusion is currently 
being evaluated by the USEPA, ATSDR and other fed-
eral agencies. The USEPA has published a document 
entitled “External Review Draft Toxicological Review of 
Naphthalene—In Support of Summary Information on 
the Integrated Risk Information System (IRIS) (“Draft 
Review”). This document sets forth proposed information 

 
Table 2. Carcinogen risks for various concentrations of naphthalene calculated with USEPA methodology. 

Naphthalene concentration 
range (µg/m3) 

Location Outdoors/Indoors 
EPA Risk  

Level/Range 
CAL EPA Risk 
Level/ Range 

1 Urban Household Indoors (Nonsmoking Household) 1E−04 3.4E−05 

2.2 Urban Household Indoors (Smoking Household) 2.2E−04 7.5E−05 

0.4 - 170 11 US Urban Cities Outdoors 4E−05 - 1.7E−02 1.4E−05 - 5.8E−03

0.94 11 US Urban Cities Outdoors (median range) 9.4E−05 3.2E−05 

0.33-9.7 North Carolina Low Income Homes Indoors 3.3E−05 - 9.7E−04 1.2E−05 - 3.3E−04

0.57 - 1.82 North Carolina Low Income Homes Outdoors 5.7E−05 - 1.82E−05 1.9E−05 - 6.2E−05

0.42 - 4.6 New Jersey Outdoors 4.2E−05 - 4.6E−04 1.4E−05 - 1.6E−04
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for updating IRIS’ entry on naphthalene. Since USEPA’s 
IRIS database is a primary tool used by federal and state 
regulators to establish site remediation requirements, the 
Agency’s on-going review and proposed revisions to 
IRIS will likely influence how naphthalene is regulated, 
manufactured, and utilized in the future. 

According to this document, naphthalene is carcino-
genic, and the proposed toxicity values may decrease 
both residential and industrial soil screening concentra-
tions (Regions III RBC and 9 PRG) by an order of mag-
nitude or greater. Additionally, this document indicates 
that groundwater and SVI values would exceed those 
found in urban fills and natural soils. As a result, this 
publication carries serious implications for the investi- 
gation and cleanup requirements of MGP sites. Three 
regulations carry particular implications: 1) where site 
soil has already been remediated and the owner must 
evaluate the potential impacts of remaining concentra-
tions and the prospect of future regulatory action; 2) 
where site soil is still in the assessment or remedial de-
sign phase; and 3) where groundwater concerns must be 
addressed [19]. 

The USEPA has promulgated a draft unit risk factor 
(URF) for naphthalene of 1E-04 per µg/m3 of exposure. 
The Office of Environmental Health Hazard Assessment 
(OEHHA) of the State of California has set a unit risk 
factor of 3.4 E-05 per µg/m3 for the evaluation of human 
health risks at contaminated sites. These risk levels are 
considered upper end, mostly due to the fact that: 1) cur-
rent laboratory analyses for air samples rarely provide 
detection limits in the sub-ppb range; 2) estimations of 
risk from ambient exposures to naphthalene in both in-
door and outdoor air result in risks to humans above 
regulatory guidelines; and 3) with the historic omnipres-
ence of naphthalene use as both an industrial and domes-
tic pesticide, a clear association between naphthalene 
exposures and human cancers should have been eluci-
dated, however, evaluation by ATSDR (2005) has main-
tained that no cohort or morbidity studies have been 
identified to establish naphthalene as a human carcinogen 
[20]. 

These proposed changes to risk evaluation are based 
on NTP bioassay data relevant to exposures several or-
ders of magnitude higher than environmental exposures 
and limited epidemiological data pertinent to assessing 
naphthalene carcinogenicity, which are generally viewed 
as inadequate for determining human carcinogenicity of 
naphthalene [17,18,21]. Price and Jayjock (2008) com-
pared the exposures from the NTP bioassay results that 
induced cancer in animals to background exposures and 
found that the bioassay levels were 3000 - 10,000 times 
higher than the levels of exposure received from ambient 
air [22]. As well, levels of exposure for individuals in 

homes using mothballs are still 10- to 100-fold lower 
than the levels used in the bioassay. This is consistent 
with the results of the current study which found a 
maximal exposure of 51 µg/m3, and a total of 3 meas-
urements of 546 greater than 12 µg/m3 which can be 
compared to the exposures of 52,400 - 314,400 µg/m3 for 
respiratory epithelial adenomas in male rats, olfactory 
epithelial neuroblastomas in female rats, and pulmonary 
bronchial adenomas in female mice [23,24]. 

Not only do the exposures measured in this study fall 
substantially below exposures necessary to produce can- 
cer in animals, the absence of reliable epidemiological 
data raises a fundamental question regarding the rele-
vancy of the animal findings to carcinogenicity in hu-
mans. Some factors in question include increased lung 
metabolism in rodents in a study that was dependent on a 
saturated metabolic system, the potential for species 
specific metabolism in the rat nasal olfactory epithelium, 
differential nasal passage anatomy between rats and hu-
mans, and the use of a maximum tolerated dose approach, 
which may not adequately characterize lower dose me- 
chanisms of carcinogenesis if they are present [25]. 

Additional researches to better compare the cross-spe- 
cies metabolic activities and to assess impacts at lower 
exposure levels to better define any dose-response rela-
tionship is ongoing among regulatory agencies. A reas-
sessment of the toxicological potential of naphthalene 
may lead to significantly altered regulatory requirements 
applicable to the manufacture, use, management, and 
disposal of naphthalene. It will be important to rely on 
data that adequately characterizes risk from relevant en-
vironmental and occupational exposure levels to prevent 
the gross overestimation of risk of low level naphthalene 
exposure, putting background levels into the range of 
non-compliance. The results from this study indicate that 
naphthalene exposures from previous MGP sites are 
similar to background exposures and exposures from use 
of common household products. If naphthalene were to 
become the primary risk driver at previous MGP sites, it 
may produce the untoward effect of increasing cleanup 
costs without benefit to the public health. 

5. Conclusion 

Based on the results of this study, naphthalene did not 
present a health risk via soil vapor intrusion for the hu-
man population surrounding these former MGP sites. 
MGP associated vapors would need to permeate through 
several pathways into residential and commercial build-
ings in order to accumulate in sufficient concentrations to 
present an unacceptable risk to human health. If naph-
thalene was detected in buildings and residences, it was 
due to a combination of background naphthalene, vola-
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tilization from contaminated groundwater, and use of 
consumer products containing naphthalene. 
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