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A Human Health Risk Assessment is a method of 
determining the probability of harm occurring to 
people from exposure to contaminants at a site. 

Both the toxic properties of hazardous substances and 
the ways that people may be exposed to these substances 
are evaluated. A risk assessment helps determine whether 
significant risks to people’s health may exist at or near a 
contaminated site and also helps determine risk-based 
cleanup levels for contaminants at the site. The risk as-
sessment is one factor project managers use to make de-
cisions on how a contaminated site should be cleaned up. 
Other factors include state and federal regulations, costs, 
treatment techniques and their feasibility, and commu-
nity acceptance.

To characterize potential non-cancer effects, estimated 
intakes of substances and their toxicity values are ex-
amined. Potential carcinogenic effects are evaluated by 
calculating probabilities that an individual will develop 
cancer over a lifetime of exposure based on projected 
intakes and chemical-specific dose-response informa-
tion. Non-carcinogenic health effects are expressed in 
terms of hazard index (HI) while carcinogenic effects 
are expressed in terms of an excess lifetime cancer risk 
(ELCR). Human health risks were compared against 
EPA’s target risk management range of 10-6 to 10-4 for 
cancer risks (in other words, a cancer risk of 1 to 100 
people in 1 million) and the HI benchmark of 1 for 
non-cancer hazards (in other words, any value over 1 is 
avoided). Because the neighborhood surrounding the 
site is a vulnerable community, EPA has elected to use 
the most conservative ELCR of 10-6 , or 1 in a million 
people, as the point at which action will be required at 
this site.

The risks calculated during the risk assessment are based 
on conservative assumptions so that they are not likely to 
be exceeded by any member of the exposed population 
even under reasonable maximum exposure conditions. A 
risk assessment cannot identify who within an exposed 
community may or may not become ill due to exposure 
to toxic agents; nor can a risk assessment be used to as-
sociate a particular illness with a particular toxic agent. 
A risk assessment is best used as a predictive tool to 
identify those circumstances under which exposure to a 
toxic agent may potentially lead to unacceptable health 
outcomes. This information can then be used to select 
options that will reduce or remove the community’s 
exposure to the toxic agent. 

Potential Health Risks from 
Exposure to Soil
For the risk assessment at the AMCO site, four areas 
associated with historical industrial activities were evalu-
ated for two types of workers, industrial and construc-
tion, and potential future residential exposures. The areas 
include the former AMCO facility, parking lot, large 
vacant lot, and small vacant lot. 

Industrial workers may be 
exposed to soil through 
incidental ingestion, 
dermal contact with 
soil or inhalation of 
dust. Estimated cancer 
risks are at the upper end 
or exceed the EPA’s risk 
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management range for exposure to both shallow soil and 
deep soil at each of the four areas. Noncancer adverse 
health effects (HI) exceed the non-cancer threshold of 1 
only at the former AMCO facility. Lead concentrations 
at all four soil exposure areas exceed the California Hu-
man Health Screening Level (CHHSL) for an Occupa-
tional Scenario of 320 mg/kg..

Construction workers may be exposed to soil through 
the same exposure pathways as the industrial worker but 
at higher levels (i.e., more dust in the air) for a shorter 
period of time. Estimated cancer risks were within EPA’s 
risk management range for exposure to shallow soil and 
deep soil at each of the four expo-
sure areas. The HIs exceed the 
non-cancer threshold of 1 
at the former AMCO 
facility, parking lot, 
and the large vacant 
lot. Lead concentra-
tions are the same 
as described for the 
industrial worker.

The four exposure areas were evaluated for a future resi-
dent in the event that any of the areas would be changed 
to residential. Residents are evaluated for the same 
exposure pathways as workers, but for a longer period 
of time. Children are also included in the residential 
evaluation because they have potential for greater risk of 
health effects. Estimated cancer risks exceeded EPA’s risk 
management range for exposure to shallow soil and deep 
soil at all exposure areas. HIs also exceed the non-cancer 
threshold of 1 at all four of the exposure areas. Lead con-
centrations all exceed the AMCO residential CHHSL 

of 80 mg/kg.  See 
below for residents’ 
risk from soil at their 
actual homes.

Potential Health Risks from 
Exposure to Groundwater 
The cancer risks and non-cancer HIs are above EPA’s 
risk management range when residential use of ground-
water is considered. However, it is unlikely that ground-
water will be used as a source of drinking water because 
the municipal water supply from EBMUD is from Sierra 
Nevada.

Potential Health Risks from 
Vapor Intrusion
Below are some of the conclusions of the vapor intrusion 
evaluation:   

The data from the RI sampling of crawl space and •	
ambient air indicates that vapor intrusion was occur-
ring in crawl spaces at the homes. As a precautionary 
measure, mitigation systems have been installed in 
selected homes nearest the site.

 

 

Other sources of contamination 
(exhaust, household products) can 
cause indoor air VOCs to be higher 
than the crawlspace VOCs.

Indoor air is replenished 
by outdoor air and 
subsurface vapors.

Indoor air 
moves out of 
the home.

Subsurface vapors can move through the slab.

VAPOR INTRUSION PATHWAY

Note: The process of vapor intrusion is 
a normal process.  Subsurface vapors 
entering the home usually do not result 
in chemical contamination.
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None of the VOCs detected exceeds its acute refer-•	
ence concentration, indicating that there is no im-
mediate health threat to residents. Please note that 
“immediate health threat” means that levels of site 
contaminants do not exceed short-term risk screen-
ing levels. A cumulative analysis of all of the factors 
that can affect a person’s heath is not used by the 
superfund program to determine health risk.
The source of the VOCs found inside homes is dif-•	
ficult to determine.
If the level of VOCs inside homes is greater than •	
level of VOCs found in soil gas and crawl space, it 
is an indication that there are other sources of than 
VOCs than from vapor intrusion (such as exhaust 
from freeway traffic, etc.).
Risks and hazards estimated from the crawl space •	
and outdoor air data indicates that the majority 
of residences sampled are similar to the risks and 
hazards estimated from the background samples 
(collected on Lewis Street located 3 blocks upwind 
of the site) and the outdoor air samples collected at 
Prescott Park. This indicates that air quality is poor in 
the whole area due to other sources of contamination 
as well.

Potential Health Risks from 
Residential Soil
A soil removal action was performed at residential prop-
erties adjacent to and near the former AMCO facility as 
a result of the high levels of lead and other compounds 
found during the Remedial Investigation soil sampling. 
As a result of the removal action, the exposure to soil and 
the risk and hazard has been substantially reduced. 

Potential Health Risks from 
Homegrown Produce
The detection of TCE, PCE, and vinyl chloride in shal-
low groundwater and the potential migration of contam-
inated shallow groundwater into residential areas con-
taining fruit trees prompted concerns that TCE, PCE, 
vinyl chloride, and other VOCs could be taken up and 

transferred into edible fruit or vegetables. None of these 
chemicals were detected in the fruits and vegetables 
sampled from adjacent gardens.

Concentrations of metals and VOCs in sampled fruits 
and vegetables are below levels of concern for ingestion. 
Of the 47 VOCs analyzed for, only methyl acetate and 
styrene were detected. Some metals were found in or on 
the produce including arsenic, chromium, and lead, how-
ever, they were found at levels that would not be harmful.

Because produce samples 
were analyzed for VOCs 
as well as metals, none 
of the produce samples 
were rinsed or washed 
before analysis. As a result, 
the metals concentrations 
could reflect dust or soil deposited on the plant surfaces 
in addition to metals that were taken up through the root 
system. Community members should always wash their 
home grown fruits and vegetables before consuming 
them.

Now What?
The risk assessment shows that high risk levels from soil 
exposure remain for anyone who might live or work at 
the actual AMCO facility if the pavement is removed. It 
also shows high risk from possible ingestion of ground-
water. Finally, there is a health risk for residents in the 
entire South Prescott neighborhood due to poor outdoor 
air quality as a result of many different sources. Improv-
ing the outdoor air quality, however, has a much larger 
scope than that of the Superfund cleanup. The vapor 
intrusion evaluation shows that the chemicals detected 
in the crawl space are being detected in the indoor air 
samples. As a precautionary measure, mitigation systems, 
including vapor barriers and additional ventilation, have 
been installed in selected homes nearest the site. The goal 
of the cleanup is to remove and/or clean the contami-
nated soil and groundwater so that all of the risk levels 
are brought down to the protective range. The homes 
will continue to be monitored until this goal has been 
attained.
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A Compilation of Statistics for VOCs from Post-
1990 Indoor Air Concentration Studies in North
American Residences Unaffected by Subsurface

Vapor Intrusion
by Helen E. Dawson and Todd McAlary

Abstract
This paper provides a summary of a number of indoor air quality studies reporting concentrations of volatile organic com-

pounds (VOCs) in indoor air samples collected from residential properties in North America and provides average values for
certain statistics (percentiles, detection frequency, maximum). This compilation includes several VOCs that are commonly
assessed in studies of subsurface vapor intrusion to indoor air, but may also be attributable to consumer products, building
materials, or even outdoor air (ambient) sources, specifically benzene, carbon tetrachloride, chloroform, 1,1-dichloroethane,
1,1-dichloroethene, 1,2-dichloroethane, cis and trans-1,2-dichloroethene, ethylbenzene, methyl tert-butyl ether, methylene
chloride, tetrachloroethene, trichloroethene, toluene, trichloro-1,2,2-trifluoroethane, 1,1,1-trichloroethane, vinyl chloride, and
meta, para, and ortho-xylene. In studies spanning 1990 through 2005, eleven of these compounds were detected in more than
50% of samples collected, and for several compounds (benzene, carbon tetrachloride, chloroform, ethylbenzene, and tetra-
chloroethene) the lower and upper quintiles of the indoor air concentrations are within the range of typical risk-based target
levels. These summary statistics may help interpret data collected during a vapor intrusion investigation and communicate
the findings of indoor air quality studies to building occupants and other stakeholders. Similar studies have been published in
the past, but there has been a gradual change in indoor air quality over time and a large amount of new data has been col-
lected, so this paper provides more relevant information for current use than previous compilations.

Introduction
Because people spend a large fraction of their time in

their homes, consideration of residential indoor exposures
to air pollutants is a critical component of many health
risk assessments. Volatile organic compounds (VOCs) are
a class of pollutants that have been the subject of numer-
ous residential indoor air studies. VOCs in indoor air may
originate from several sources: ambient (outdoor) air,
indoor sources (sources within a building), and—if pres-
ent—subsurface sources. Any compounds present in ambi-
ent (outdoor) air will generally be present in indoor air
because the air in most buildings is exchanged with out-
door air many times each day. Additional VOCs or incre-
mentally higher concentrations of VOCs may be
introduced to the indoor environment through the storage
and use of consumer products (e.g., cleaners, air fresh-
eners, aerosols, mothballs, scented candles, and insect

repellants), emissions from building materials (e.g., car-
pets, insulation, paint, and wood finishing products), com-
bustion processes (e.g., smoking, cooking, and home
heating), and occupant activities (e.g., craft hobbies, home
improvements, automotive repairs). For example, tetra-
chloroethene (PCE) is a common industrial solvent that is
also emitted from dry-cleaned clothes. Benzene is a compo-
nent of many hydrocarbon fuel mixtures, which may be
released to the ground, and is also emitted from tobacco
smoke or other interior combustion sources and fuel-powered
tools or vehicles stored in attached garages. Other examples
include naphthalene (hydrocarbon mixtures and mothballs),
1,1,1-trichloroethane (industrial solvent and aerosol propel-
lant), some freons (solvent and air-conditioning component),
and acetone (solvent used commercially as well as in nail-
polish remover).

The potential for exposure to chemicals via migration
of subsurface VOCs to indoor air (vapor intrusion) has
become widely recognized in response to several case
studies (e.g., Hers et al. 2001; Digiulio and Paul 2006;
McDonald and Wertz 2007). However, because VOCs in
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indoor air also may be introduced through sources unre-
lated to vapor intrusion (sometimes referred to as back-
ground sources during vapor intrusion assessments), the
health risks attributable to vapor intrusion from the sub-
surface to indoor air are often challenging to assess
because of difficulties in resolving the relative contri-
butions of the indoor, outdoor, and subsurface sources to
indoor air quality. For example, the presence of indoor and
outdoor sources of indoor air contaminants may confound
calculation of empirical attenuation factors, analysis of
compound ratios, and evaluation of the effectiveness of
vapor intrusion mitigation systems. Information regarding
expected ranges of indoor air VOC concentrations at prop-
erties where vapor intrusion is not occurring or is being
prevented by operating mitigation systems is therefore ex-
pected to be useful during analysis and interpretation of
data collected to assess the potential for subsurface vapor
intrusion from contaminated soil or ground water beneath
a building.

Several federal and state documents provide guidance
on the characterization and evaluation of background in
risk assessment (e.g., USEPA 2002a, 2002b; CDPHE 2004;
MADEP 2008a). These guidance documents generally rec-
ommend including contaminant concentrations attributable
to background sources in a baseline risk assessment to
avoid losing important risk information for those poten-
tially exposed. Risks attributable to background concen-
trations generally are considered separately only when
evaluating cleanup options. For vapor intrusion assessment,
this generally means that subsurface screening levels are
developed by multiplying risk-based indoor air target con-
centrations by an empirical or modeled attenuation factor,
without consideration of background concentrations. Some
states (e.g., Massachusetts) have adopted a different
approach when developing standards for ground water con-
centrations protective of inhalation exposures and set the
standards at a level that are at or above background levels,
even where risk-based target concentrations are lower
(MADEP 2008a). In both cases, it is important to under-
stand the background concentrations, and this paper is in-
tended to facilitate that understanding.

Indoor air quality depends on the specific consumer
products and building materials inside a building, and
these vary considerably from house to house in response to
consumer preferences. In addition, it is important to note
that indoor air concentrations will vary spatially and tem-
porally regardless of whether the source of a particular
chemical is within or beneath the building (or both).
Therefore, it may not be feasible to determine whether
vapor intrusion is occurring or not simply by comparing
the results of a single indoor air sample to typical or back-
ground levels of indoor air concentrations. Nevertheless,
knowledge of typical concentrations is a line of evidence
that will help with assessing whether vapor intrusion is
occurring, simply by a qualitative comparison. Background
levels may be determined on a site-specific basis, but these
studies typically consist of a relatively small number of
samples and, therefore, may not be as representative as the
compilation of statistics from the large number of indoor
air quality studies presented here.

Previous Compilations
There have been several previous compilations of

indoor air studies (e.g., Shah and Singh 1988; Stolwijk
1990; Samfield 1992; Brown et al. 1994; Holcomb and
Seabrook 1995; USEPA 1998; Hodgson and Levin 2003).
One of the most comprehensive compilations is that of
Shah and Singh (1988), who compiled a database of indoor
air measurements for 66 VOCs representing 30 cities
from 16 states (although most, 90%, of the data are from
California and New Jersey). The sampling dates range from
1970 to 1987, with the majority, 98%, collected between
1981 and 1984. Shah and Singh reported central tendency
(mean and median), maximum values, and other population
statistics (lower and upper quartiles). Stolwijk (1990) also
presented population statistics (arithmetic mean and 10th,
50th, 90th, and 98th percentiles) calculated from four
large studies of indoor air in homes conducted prior to
1987: United States (355 homes), Germany (500 homes),
Netherlands (300 homes), and Italy (15 homes). Covering
a similar time period, Brown et al. (1994) consolidated data
from 50 studies that measured indoor air concentrations of
VOCs between 1978 and 1990 in dwellings, office build-
ings, schools, offices, and hospitals in several countries.
Assuming the data were log-normally distributed, the au-
thors estimated weighted average geometric means as well
as the 90th and 98th percentile concentrations for each
VOC. In a more recent compilation, Hodgson and Levin
(2003) presented measures of central tendency (mean and
median) and maximum concentrations for a large number
of VOCs, and the 90th and 95th percentiles for a limited set
of VOCs measured from 1990 to 2001 in 12 studies of
indoor air quality in North American residences. By com-
paring the compiled mean values to the mean values re-
ported in historical studies, the authors demonstrate that the
average concentrations of a number of indoor air con-
taminants have decreased over time.

The other compilation studies presented only central
tendency information. Samfield (1992) compiled measures
of central tendency data from literature on organic com-
pounds measured indoors using varying sampling methods
and times from 1975 to 1990. Holcomb and Seabrook
(1995) compiled mean VOC concentration data in commer-
cial and residential buildings published between 1980 and
1993. USEPA (1998) reviewed several field studies and
compilation reports to compile mean and median values of
VOCs in indoor and ambient air.

In summary, nearly all of these compilations are more
than a decade old or provided only central tendency
(median, geometric mean, or average) and maximum val-
ues. The exception is the compilation by Hodgson and
Levin (2003); however, in that compilation and most of the
other compilations, limited information regarding the fre-
quency distribution of indoor air concentrations was pro-
vided. Since background indoor air concentrations vary
widely and indoor air quality has gradually been improving
over time (Hodgson and Levin 2003; MADEP 2008b; Zhu
et al. 2005), there is value in a new compilation based on
more recent data, with an emphasis on the statistical distri-
bution of background indoor air concentrations.
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Background Indoor Air Quality Studies Analyzed
for this Compilation

Eighteen background indoor air quality studies were
reviewed and evaluated for inclusion in this compilation.
Seventeen were baseline studies that targeted a specific
population for a specific purpose. Most were conducted in
urban or suburban settings, although seven also included
residences in rural settings. The eighteenth study used in
this compilation was that of Shah and Singh (2008), which
was included because the study represents early data
(before the 1990s) collected in residences (as well as com-
mercial buildings, but not industrial buildings) in the
United States and the study reported a range of order sta-
tistics. None of the results presented in these studies differ-
entiated among urban, suburban, or rural settings.

Basic information regarding each of these studies is sum-
marized in Table 1; additional information can be found in
the comprehensive technical report describing the compila-
tion (USEPA, Background Indoor Air Concentrations of Vol-
atile Organic Compounds in North American Residences: A
Compilation and Implications for Vapor Intrusion, submitted).
These indoor air quality studies collectively report concen-
trations in indoor air for more than 40 VOCs in thousands of
indoor air samples. The collective data span more than two
decades, ranging from 1970 to 2005. The study sample sizes
vary from about 10 to 2000, although the majority of the
studies reported between 50 and 500 samples. Most of the
earlier studies used adsorbent media for sample collection.
Later studies favored stainless steel canisters, although one
recent study (Zhu et al. 2005) used adsorbent media to
achieve very low reporting limits. Sample collection periods
ranged from 2 to more than 100 h, although the majority of
the studies employed between 12- and 24-h sample collection
periods. Reporting limits vary widely by chemical, and for
any given chemical, reporting limits among the studies
typically vary by at least an order of magnitude.

Data Compilation and Analysis Methods
Summary statistics of indoor air quality reported in the

studies described were compiled in a spreadsheet. Ideally,
the raw data (concentrations of individual chemicals in
individual samples collected during each individual study)
would have been compiled into a database and statistics
generated from the consolidated data. However, the raw
data were not available for most studies, so the reported
statistics were compiled instead. The complete set of com-
piled order statistics (i.e., 25th, 50th, 75th, 90th, and 95th
percentiles of the distribution of measured values), maxi-
mum values, reporting limits, and percent detections is
presented in USEPA (submitted).

In compiling the order statistics, percentiles reported as
lower than laboratory reporting limits, and which had been
assigned a value of one-half the analytical reporting limit
by the individual study authors, were replaced with
‘‘<RL’’. Mean values reported by the studies were not
compiled, because in most cases the mean values were cal-
culated using nondetect data for which some fraction of
the reporting limit had been substituted, which can lead to
inaccurate estimates of the mean (Singh et al. 2006). Also,

statistics from homes specifically designated as ‘‘smoking’’
homes and statistics based on personal air monitors worn
only in the daytime were excluded from the compilation.

Summary statistics calculated from the compiled
indoor air quality statistics are presented in Table 2 for
a subset of the VOCs included in the background indoor air
studies that are also common ground water contaminants
and therefore likely to be considered in vapor intrusion in-
vestigations. The approach used to develop the summary
statistics is described next.

The statistical measures of indoor air concentrations re-
ported by the individual studies vary widely, depending on
the age, location, and detection limits of each study. For
example, Figure 1 shows for benzene that the range of 25th
to 95th percentiles measured in any individual study spans
more than one order of magnitude and the value of any
given order statistic reported by multiple studies also span
more than one order of magnitude from lowest to highest.
Figure 1 also shows that the highest concentrations at any
percentile were typically reported by the earlier studies
(e.g., USEPA 1987a, 1987b; Shah and Singh 1988). In gen-
eral, indoor air quality has been improving over time as
people have become more aware of air quality and related
health concerns (e.g., cessation of smoking indoors), as
manufacturers of consumer products have become more
aware of environmentally friendly alternatives for house-
hold chemicals (‘‘green’’ cleaners), and as emissions of
VOCs to ambient air have decreased. Figure 2 shows 50th
and 90th percentile concentration values vs. time for
a selected group of VOCs typically encountered in vapor
intrusion investigations. The dates plotted on the time scale
are the starting sample dates for each individual study. The
time trend plots show that the 50th and 90th percentiles of
indoor air concentrations measured after about 1990 are
considerably lower than those measured before that time.
Thus, the summary statistics in Table 2 were calculated
using post-1990 data to obtain statistics representative of
the current distribution of VOC concentrations in residen-
tial indoor air. Of the 18 studies compiled, 13 have indoor
air statistics for samples collected in 1990 and later
(through 2005). The summary statistics collectively repre-
sent indoor air quality in urban, suburban, and rural resi-
dences, without differentiation as to setting.

Summary statistics were calculated for each chemical
by computing the mean of the order statistics (percen-
tiles) reported by the individual studies (i.e., mean of re-
ported 25th percentiles, 50th, 75th 90th, and 95th
percentile values, respectively). This is similar to the
approach used to develop consensus means for samples
analyzed by different laboratories, an approach that relies
on the observation that sample means (and order statistics
in this compilation) are normally distributed (if the sam-
ple sizes are large enough) even if the underlying popula-
tions are not normally distributed. Weighting the statistics
by sample size did not substantial influence the calcu-
lated summary statistics (there was less than 10% differ-
ence), because most studies have a relatively large
number of samples.

When any statistical measure was reported as below
a given reporting limit, the summary statistics were
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Table 1
Summary of Reviewed Background Indoor Air Quality Studies (1970–2005)

Reference Location Sample Dates Season Sample Size
Available Data

(Statistics) Collection Device Collection Period Analytical Method

Weisel 2006 NJ 2004-2005 Varies 100 Population Stats (25/
50/75/90/95/Max)

Summa canister 24 h EPATO-15

NY DOH 2006 NY 1997-2003 All 400 Population Stats (25/
50/75/90/95/Max)

Summa canister 2 h TO-15

Rago et al. 2004, 2005 MA 2004-2005 Spring, Fall 100 Population Stats (25/
50/75/90/Max)

Summa canister 24 h TO-15

Zhu et al. 2005 Ottawa, CA 2002-2003 Winter 75 Population Stats (50/
75/90/Max)

Sorbent tube,
active sampling

1.7 h GC/MS

Kurtz and Folkes 2002 Denver, CO 1998 All – Quarterly 375 Population Stats (25/
50/75/90/95/Max)

Summa canister 24 h EPATO-14/15 SCAN

Sexton et al. 2004 Mineapolis, MN 1999 Spring, Summer, Fall 292 Population Stats (50/
90)

3500 OVM Charcoal
passive sampler

48 h GC/MS

Foster et al. 2002; Kurtz
and Folkes 2002

Denver, CO 1998-2001 All – Qrtly 427 Population Stats (25/
50/75/90/95/Max)

Summa canister 24 h EPATO-14/15 SIM

Van Winkle
and Scheff 2001

Chicago, IL 1994-1995 All 48 Population Stats (50/
90/Max)

Summa 24 h TO-14

Clayton et al. 1999 Midwest States 1995-1997 All 395 Actual Data (25/50/75/
90/95/Max)

OVM 3520 passive
sorbent sampler

6 d GC/MS

Gordon et al. 1999 AZ 1995-1997 All 185 Population Stats (50/
75/90/Max)

OVM 3520 passive
sorbent sampler

6 d GC/MS

Mukerjee et al.1997 Brownsville, TX 1993 Spring 9 Population Stats (50) Multisorbent active
canister

24 h GC/MS

Heavner et al. 1996 NJ & PA 1992 Winter 61 Population Stats (50/
Max)

Active multisorbent
sampler

14 h GC/MS

Heavner et al. 1995 Columbus OH 1995 Spring 24 Population Stats (50/
Max)

Multisorbent sampler
w/pump

3 h GC/MS

Sheldon et al. 1992 Woodland, CA 1989 Fall 125 Population Stats (25/
50/75/90/Max)

Canister 24 h GC/MS

Shah and Singh 1988 US 1970-1987 Varies 2128 Population Stats (25/
50/75)

Varies Varies Mixed

USEPA 1987a Los Angeles, CA 1984 Winter, Summer 111 Population Stats (25/
50/75/90/95/Max)

Tenax 12 h GC/FID

USEPA 1987a Contra Costa, CA 1984 Summer 111 Population Stats (25/
50/75/90/95/Max)

Tenax 12 h GC/FID

USEPA 1987b NJ 1981 Fall 348 Population Stats (25/
50/75/90/95/Max)

Tenax 12 h GC/FID
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calculated using the Kaplan-Meier method, a robust non-
parametric maximum likelihood estimator capable of con-
sidering censored or truncated data (i.e., data sets with
nondetect values) with multiple reporting limits (Helsel,
2005a, 2005b, 2006). The Kaplan-Meier method was origi-
nally developed as a tool for medical researchers to esti-
mate the survival probability function, i.e., the probability
that a member of a given population will have a lifetime
exceeding a certain age. Helsel (2005a) adapted the method
to populations of data with ‘‘less than values,’’ such as low-
level concentrations. As described by Helsel (2005a), the
survival function probability is the product of the j ¼ 1 to k
incremental probabilities to that point, going from high to
low concentrations for the k detected observations. In
effect, the Kaplan-Meier method assigns a percentile value
to each detected observation, starting at the largest value
and working down, on the basis of the number of ob-
servations above and below that observation. Percentiles
are not assigned to data that are below reporting limits, but
these data affect the percentiles calculated for the ob-
servations that are above reporting limits.

The summary statistics generated from the compiled
indoor air statistics and presented in Table 2 provide more
complete characterizations of the distributions of back-
ground indoor air concentrations typically found in resi-
dences than the single ‘‘representative’’ value reported in
most previous compilations. This characterization allows
for more robust statistical comparisons of background to
measured indoor air concentrations obtained in vapor intru-
sion investigations.

Results and Discussion
Summary statistics were developed as described using

13 studies representing measured indoor air VOC concen-
trations from 1990 through 2005. Table 2 presents the
summary statistics (arithmetic mean values for the 25th,
50th, 75th, 90th, and 95th percentiles, as well as the maxi-
mum values, reporting limits, and percent detected) for
a subset of the VOCs reported in the compiled background
studies that are also common ground water contaminants,
and therefore likely to be considered in vapor intrusion in-
vestigations. Although a larger set of statistics is presented
in this compilation, the population statistics in common
with those in the recent compilation by Hodgson and Levin
(2003) compare well: within a factor of 2 to 4.

As can be seen in Table 2, the average values for order
statistics typically show more than one order of magnitude
range from the 25th to the 95th percentile values and tend
to be skewed toward high values in a way that is typical of
log-normal distributions. This variability can be attributed
to house-to-house variability in air exchange rates as well
as building materials and consumer preferences and habits.

To provide a context for the assessment of health risks
attributable to vapor intrusion, it is helpful to understand
the health risks associated with average indoor air quality
in buildings that are not affected by contaminated land.
The VOCs most commonly detected in indoor air are pre-
sented in Figure 3, which ranks the compounds on the
basis of the average percent detections. BTEX compounds
(benzene, toluene, ethylbenzene, and xylene) are among

Table 2
Summary Statistics for Background Indoor Air Concentrations Measured in North American Residences Since

1990 (All concentrations in lg/m3)

Compound
N

Studies
N

Samples %Detect
RL

Range 25% N 50% N 75% N 90% N 95% N Max N

Benzene 14 2615 87 0.05 - 1.6 1.9 7 2.5 13 4.5 9 10 11 17 5 93 10
Carbon tetrachloride 5 873 88 0.15 - 0.25 0.3 2 0.5 5 0.7 2 0.8 4 1.1 1 2.7 3
Chloroform 10 2178 73 0.02 - 2.4 0.5 4 1.1 9 2.2 6 3.9 8 6.0 5 20.2 7
Dichloroethane,1,1- 5 1309 0.3 0.08 - 2.0 <RL 5 <RL 5 <RL 5 <RL 5 <RL 4 0.9 5
Dichloroethane,1,2- 4 950 12.6 0.02 - 0.25 <RL 2 <RL 4 <RL 3 0.15 4 0.20 2 1.8 4
Dichloroethene, 1,1- 5 957 10 0.01 - 2.0 <RL 4 <RL 5 <RL 5 <RL 5 <RL 3 86.8 5
Dichloroethene, cis 1,2- 4 975 3 0.25 - 2.0 <RL 4 <RL 4 <RL 4 <RL 4 <RL 3 3.7 4
Dichloroethene, trans 1,2- 3 575 0 0.8 - 2.0 <RL 3 <RL 3 <RL 3 <RL 3 <RL 2 <RL 3
Ethylbenzene 10 1484 81 0.01 - 2.2 0.8 4 2.0 9 3.0 5 8.6 7 14 3 126 8
Methyl tert-butyl
ether (MTBE)

4 502 47 0.05 - 1.8 <RL 3 1.2 4 5.7 4 26 4 72 2 242 4

Methylene chloride 7 1,649 73 0.4 - 3.5 0.42 3 1.10 7 3.6 5 10 7 20 4 506 6
Tetrachloroethene 13 2312 64 0.03 - 3.4 <RL 7 0.9 10 1.8 6 4.0 9 7.4 5 171.2 8
Toluene 12 2065 96 0.03 - 1.9 9 5 13 12 27 7 51 9 106 4 547 9
Trichloro-1,2,
2-trifluoroethane, 1,1

1 400 56 0.25 <RL 1 0.5 1 1.1 1 1.8 1 3.4 1 7 1

Trichloroethane, 1,1,1- 9 1877 60 0.12 - 2.7 0.5 7 1.9 9 2.7 7 5.5 7 10.2 5 196 8
Trichloroethene 13 2403 44 0.02 - 2.7 <RL 0.3 10 0.3 6 0.9 8 1.6 5 84 10
Vinyl chloride 6 1684 7 0.01 - 1.3 <RL 6 <RL 6 <RL 6 0.03 2 0.05 2 0.8 6
Xylene, m/p- 10 1920 90 0.4 - 2.2 2.9 6 5.5 10 9.4 7 27 9 41 4 593 8
Xylene, o- 12 2004 85 0.11 - 2.2 1.4 6 2.2 11 3.9 7 10 9 16 4 196 10

Note: ‘‘N’’ indicates number of studies reporting a particular statistic.
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the most commonly detected VOCs in indoor air. Several
chlorinated hydrocarbons also are commonly detected,
including carbon tetrachloride, chloroform, tetrachloroe-
thene, and 1,1,1-trichloroethane. Note that the percent de-
tections are a function of the reporting limits used in the
studies. Some compounds (e.g., trichloroethene) have been
analyzed using very low detection limits, while other com-
pounds (e.g., cis-1,2-dichloroethene) have been analyzed
using detection limits that are an order of magnitude higher.

Figure 4 shows that several of these commonly de-
tected compounds have background concentrations that fall
within the range of target concentrations corresponding to
an incremental excess lifetime cancer risk of 10-4 to 10-6

for a typical residential exposure (based on USEPA’s
regional screening levels for chemical contaminants at Sup-
erfund sites; http://www.epa.gov/reg3hwmd/risk/human/rb-
concentration_table/Generic_Tables/index.htm). Thus, the
presence of VOCs at levels of potential health concern in
buildings overlying subsurface contamination may not nec-
essarily be attributable to the vapor intrusion pathway. It is
important to note that the background concentrations pre-
sented here are averages of the order statistics compiled
from indoor air quality studies spanning 1990 through
2005. Background concentrations in the future may differ
substantially if their uses in household or fuel products
change. For example, starting in 2007, MTBE was no lon-
ger added to gasoline and, as a result, MTBE concen-
trations in outdoor air have decreased to very low levels.
Thus, it is expected that indoor air values also will decrease
as older fuel products stored in or near residences are re-
placed with current fuel products.

These results have several implications for evaluating
indoor air data at vapor intrusion sites. Because of the
wide variability in indoor air VOC concentrations, compar-
ison of a single indoor air measurement obtained in a vapor
intrusion investigation to a single value within the back-
ground concentration distribution is not likely to conclu-
sively indicate whether subsurface vapor intrusion poses

unacceptable risks or not. Most vapor intrusion assess-
ments are based on a small number of samples, so it is
generally not feasible to perform a rigorous statistical
comparison of the site data to background data using, for
example, an appropriate parametric test (e.g., Student’s
t-test) or nonparametric test (e.g., Wilcoxon rank sum).
Nevertheless, a qualitative assessment can be very instruc-
tive. If several VOCs are detected in subsurface samples,
and also are present in indoor air samples at concentrations
above typical indoor air concentrations, there is a high
likelihood that vapor intrusion was occurring at the time
and location of sample collection. Additional confidence
can be derived by comparing relative concentrations of
any two or more compounds in subsurface samples to the
relative concentrations of the same compounds in indoor
air samples (also known as compound ratio analysis; ITRC
[2007]), provided that either the compounds being com-
pared are both equally resistant to degradation or the sub-
surface sample is from immediately beneath the building
floor where the opportunity for degradation before entry to
indoor air is very limited. For example, if two compounds
are the dominant compounds in soil-gas samples, and both
are detected in indoor air at concentrations above typical
indoor air concentrations, and the relative proportion of
the two compounds is similar in indoor and subsurface
samples, vapor intrusion most likely is occurring. Con-
versely, if compounds are detected in subsurface samples,
but are not present in indoor air samples at concentrations
above typical indoor air concentrations, there is a high
likelihood that vapor intrusion was either not occurring at
the time and location of sample collection or, if occurring,
the contribution to indoor air concentrations was low rela-
tive to the contribution of indoor sources.

Summary and Conclusions
Indoor air quality typically contains chemicals from

consumer products, building materials, and outdoor
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Figure 1. Indoor air concentration statistics for benzene reported by selected individual residential air quality studies.
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Figure 2. Concentration (lg/m3) population statistics vs. time for selected VOCs in indoor air. The statistics are plotted vs. the
starting sample date of the studies.
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(ambient) air that may be detectable and may be present at
levels that exceed health-based target concentrations. Any
indoor air sample collected for assessment of subsurface
vapor intrusion is likely to detect chemicals from these
other sources, and in many cases, the compounds may be
the same as the compounds present in soil or ground water
attributable to contaminated land.

This paper provides summary statistics for typical
indoor air concentrations of VOCs in North American resi-
dences for the purpose of providing a line of evidence to
consider in evaluating vapor intrusion data. The summary
statistics indicate that typical VOC concentrations, based
on indoor air quality studies conducted from 1990 through
2005, range over one order of magnitude from the 25th to
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Figure 3. Average percent detection for selected VOCs in indoor air for studies listed in Table 1.
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the 95th percentile values. Some very common chemicals,
notably benzene, carbon tetrachloride, chloroform, tetra-
chloroethene, and occasionally others, have background
indoor air concentrations that are similar to health-based
target concentrations. Therefore, it is important to resolve
the relative contributions of background sources of vapors
before making a final determination of whether subsurface
vapor intrusion is significant. If vapor intrusion assess-
ments are conducted with a target risk level of 10-6, back-
ground concentrations will frequently pose unacceptable
risks. At a target risk level of 10-5, background concen-
trations will occasionally pose unacceptable risks. At a tar-
get risk level of 10-4, background concentrations will
seldom pose unacceptable risks. It is not the intent of this
paper to establish or advocate for any specific target risk
level, only to raise awareness of how that selection relates
to the complications posed by background concentrations
during vapor intrusion assessments.

Indoor air quality varies from building to building in
response to occupants’ habits and choice of consumer
products; therefore, indoor air monitoring at a few selected
control properties (properties unaffected by vapor intru-
sion) is less likely to provide representative information
regarding background concentrations compared to large
databases of statistically significant number of control
properties, such as the compilation presented in this paper.
The order statistics may be useful for identifying com-
pounds that are present at concentrations consistent with
typical indoor air quality, and may help identify chemicals
that are present at elevated concentrations. Elevated con-
centrations alone are not sufficient to implicate vapor
intrusion as the root cause, and concentrations within typi-
cal ranges can still have a contribution from the subsur-
face. Therefore, this comparison is qualitative in nature
and should be viewed in context with other lines of evi-
dence in order to assess whether vapor intrusion is
occurring.

The information presented in this paper may also be
helpful to communicate to occupants of buildings before
the conduct of a vapor intrusion investigation, so that they
will be aware that several chemicals are likely to be de-
tected and some may be present at concentrations that
pose potentially unacceptable risks, even in the absence of
any contribution from subsurface vapor intrusion.

Disclosure
The findings and conclusions in this paper have not

been formally disseminated by USEPA and should not be
construed to represent any Agency determination or
policy.
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