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ATTENUATION FACTORS FACT SHEET 
A vapor intrusion (VI) attenuation factor (AF) is the ratio of the indoor air concentration 
to soil vapor or groundwater concentration. AFs are typically used to estimate indoor air 
concentrations for risk-based decision-making or to calculate subsurface media-
specific screening levels, but they may also be used in data evaluation to evaluate the 
impact of background sources of vapor-forming chemicals (VFCs) in indoor air or evaluating the 
effectiveness of VI mitigation measures. These AFs are developed empirically or through the use of VI 
models (see Chapter 9: Modeling). The application of AFs is discussed in several other locations in this 
guidance, including Chapter 5: Site Screening and Chapter 8: Data Evaluation and Vapor Intrusion Risk 
Assessment. The approach and methodology used to determine the applicable AF used for site 
screening, data evaluation, and risk-based decision-making should be established in consultation with 
the applicable regulatory agency. 

Empirical Attenuation Factors 
Empirical AFs are calculated by relating measured indoor air concentration to either a subsurface soil 
vapor concentration (AFsg) or groundwater concentration (AFgw) as follows: 

𝐴𝐴𝐴𝐴𝑠𝑠𝑠𝑠  =   𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝐶𝐶𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑔𝑔𝑔𝑔𝑔𝑔�   and  𝐴𝐴𝐴𝐴𝑔𝑔𝑔𝑔  =   𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
�𝐶𝐶𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 × 𝐻𝐻′ × 1,000 ( 𝐿𝐿

𝑚𝑚3)��  

where C is the chemical concentration detected in the associated medium (indoor air, soil vapor, or 
groundwater), and H’ is the chemical’s dimensionless Henry’s Law constant. 

A scientifically peer-reviewed U.S. Environmental Protection Agency (USEPA) study compiled a database 
of VI data from more than 900 buildings and 40 sites and used these data to evaluate empirical AFs 
(USEPA 2012), which are summarized in Table 1. The results of this data analysis have been used to 
propose default screening-level AFs. USEPA generally recommends the 95th percentile AFs for initial site 
screening, with the exception of exterior soil vapor, for which the 75th percentile (0.027) is recommended 
due to the variability in the soil vapor data set (USEPA 2015). Because these AFs are generally based on 
the 95th percentile values, they may be conservative in many situations. 

Table 1. Summary of attenuation factors from the USEPA attenuation factor database. 

Medium AF Range* 95 Percentile 
AF* Median* USEPA Default 

Screening AF† 

Sub-slab soil vapor 2.5E-05 to 0.94 0.026 0.0027 0.03 
Exterior soil vapor 5E-06 to 1.3 0.25 0.0038 0.03 

Groundwater (generic) 4.8E-07 to 0.021 0.0012 0.000076 0.001 
Groundwater (fine-grained 
vadose-zone soil) 

1.0E-07 to 0.0024 0.00045 0.00005 0.0005 

Crawl space 0.057 to 0.92 0.90 0.39 1.0 
* Source: USEPA (2012). 
† Source: USEPA (2015). 
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Various studies have identified limitations of the USEPA study (Abbasi et al. 2023; Brewer et al. 2014; 
Lahvis and Ettinger 2021; Yao et al. 2013; 2018). The concerns are largely rooted in limitations associated 
with the filtered empirical data set ultimately used by USEPA to derive the AF, namely the following: 

• The data ultimately used to derive the AF were collected only at single-family residences, primarily 
with basement (not slab-on-grade) construction (16 percent unfinished). This presents a significant 
challenge when using the default AF of 0.03 for buildings with slab-on-grade or crawl-space 
foundations (Abbasi et al. 2023; Lahvis and Ettinger 2021). 

• After data filtering, no nonresidential (commercial/industrial) buildings were included in the AF 
analysis. Commercial and industrial buildings often have far higher indoor air exchange rates, thicker 
foundation slabs, and higher ceilings that will attenuate soil vapor more than in a residential setting 
(Brenner 2010; Eklund and Burrows 2009; NAVFAC 2015a; Shea et al. 2010). 

• USEPA identified data quality concerns with the soil vapor data, and ultimately these data were not 
used as the basis for the default exterior soil vapor screening AF (USEPA 2015). 

• Nearly 80 percent (342/431) of the indoor air and sub-slab soil vapor data pairs ultimately used to 
derive the AF came from only three sites located in Endicott, New York; Raymark, Connecticut; and 
Aurora, Colorado. Nearly 50 percent (207/431) came from Endicott. 

• After data filtering, nearly all the VI sites were located in geographic regions of the United States 
subject to relatively cold wintertime temperatures where VI could have been enhanced by stack 
effects during building heating (Abbasi et al. 2023; Lahvis and Ettinger 2021). 

• Potential biases from background sources (i.e., not VI-related) could not be fully resolved (Man et al. 
2022). 

• Duration of indoor air sample collection for each subject building is not provided in the USEPA 
database, introducing potential sources of error into the data used to derive AFs (Brewer et al. 2014). 

• Indoor air samples were randomly timed samples and may not adequately represent reasonable 
worst-case concentrations (Schuver et al. 2018). 

• Approximately 70 percent of the indoor air-to-groundwater pairs in the USEPA database were 
separated by more than 100 feet, reducing the reliability of AF quantification (Yao et al. 2018). 

• Information associated with heating, ventilation, and air conditioning (HVAC) operations was not 
available for a number of sites. 

• Deeper soil vapor data was invalidated; hence, soil vapor AFs were based entirely on sub-slab data. 

• No sensitivity analysis was performed to evaluate the impacts of variables including HVAC, building 
age, climate, concurrency of subsurface with indoor air data, depth of source(s), etc. on AFs. 

USEPA recognizes that the distributions of the empirical AFs reported in their study may change as new 
data are reviewed and the reported AFs “may not apply to new sites with significantly different 
subsurface and building conditions” (USEPA 2012, 66). 

Additional VI studies to assess empirical AFs have been published (Abbasi et al. 2023; Eklund et al. 2024; 
Hallberg et al. 2021; Lahvis and Ettinger 2021; Lahvis et al. 2025; Levy et al. 2023; NAVFAC 2015b; 2016; 
2021; USDOD 2023a; 2023b). These peer-reviewed studies provide empirical VI data for conditions that 
were not broadly considered in the USEPA 2012 study, including studies focused on sites located in 
temperate climates (i.e., California) (Abbasi et al. 2023; Lahvis and Ettinger 2021) and evaluating 
nonresidential buildings (Eklund et al. 2024; Hallberg et al. 2021; Levy et al. 2023; NAVFAC 2015b; 2016; 
2021; USDOD 2023a; 2023b). A more comprehensive national empirical VI database (Lahvis et al. 2025) 
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has also been compiled that addresses many of the limitations recognized in previous studies (e.g., 
geographic distribution, building types, foundation types). 

These studies suggest the ranges of AFs are dependent on specific site factors. For example, 
commercial and industrial buildings often have far higher indoor air exchange rates, thicker foundation 
slabs, and higher ceilings, which will result in lower AFs than what would be observed for typical 
residential buildings (Abbasi et al. 2023; Eklund and Burrows 2009; Brenner 2010; Shea et al. 2010; and 
NAVFAC 2015a). Because these studies use site-specific factors, the building characteristics from these 
studies may not represent the characteristics of future buildings at a given site, and uncertainties 
regarding potential building construction should be considered in the selection of the AF for the site in 
consultation with the applicable regulatory agency. Details of AF studies are summarized in Table 2, 
which includes key findings and limitations, and the median and 95th percentile AFs are summarized in 
Table 3 and Table 4. 

The more recent studies listed above tended to focus on data sets that differ from USEPA’s empirical AF 
evaluation. The limitations of these studies (indicated in Table 2) should be considered when using these 
results for site-specific application for VI assessment. 

These studies can potentially provide additional lines of evidence for considering alternative AFs in site-
specific VI assessments; however, these studies may not provide sufficient technical justification for a 
state or federal regulatory agency to deviate from using USEPA-derived AFs for screening or as a line of 
evidence for site-specific VI assessments. Best practice is to consult with the applicable regulatory 
agency. 

For a detailed discussion on the derivation and use of site-specific AFs from indoor air and soil vapor 
data, see Section 8.5.3. 

https://itrcweb.org/vapor-intrusion-toolkit/
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Table 2. Summary and key findings from empirical studies to derive attenuation factors. 

Study Media Geographic 
Distribution 

Building 
Types 

Number of 
Sites / 

Buildings / 
Data Pairs 

Primary 
Chemicals Key Findings Limitations 

USEPA 
(2012) 

• Sub-slab 
• Exterior soil 

vapor 
• Groundwater 
• Crawl space 

U.S.: 
nationwide, 
predominantly 
colder 
climates 

Predominantly 
single-family 
residences, 
basement 
construction, 
built before 
1945 

Sub-slab 
Unfiltered: 
13/424/1,231 
Filtered: 
12/203/431 
Exterior soil 
vapor 
Unfiltered: 
13/130/213 
Filtered: 
11//106 
Groundwater 
Unfiltered: 
25/658/952 
Filtered: 
24//774 
Crawl Space 
Unfiltered: 
4/11/91 
Filtered: 4//41 

PCE, 
TCE 

• 95th percentile AF = 0.03 
(all residences), 0.03 
(residences with 
basements), 0.01 
(residences with slab-on-
grade), 0.03 (TCE), and 
0.03 (PCE). 

• Data were collected at single-
family residences, primarily with 
basement construction (16% 
unfinished). 

• 80% of the filtered data came from 
3 sites subject to relatively cold 
winter climates where VI could be 
enhanced during building heating 
(nearly 50% of the data were from 
1 site in Endicott, NY). 

• No soil-gas data were ultimately 
used in the AF derivation. 

Derycke 
et al. 
(2018) 

• Sub-slab 
• Soil vapor 

France School 
buildings near 
industrial 
facilities; no 
details on 
building 
construction 

Unfiltered: 
38/51/5,042 
Filtered: 
24/26/102 

Ammonia, 
BTEX, 
111TCA, 
TCE, 
C8-C10 
aliphatic and 
C8-C10 
aromatic 
hydrocarbons 

• 95th percentile AF = 0.04. 
• Median AF = 0.0004. 
• Tracer compounds may aid 

in data evaluation for low 
source sites. 

• Building age identified as 
key variable to refine AF 
analysis. 

• Low concentration sources are 
present at most sites. 

• No source concentration filtering 
was conducted. 

• VFCs predominantly not detected 
in indoor air (17% detection 
frequency). 

• No background assessment 
included (likely important for BTEX 
and hydrocarbon data analysis). 
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Study Media Geographic 
Distribution 

Building 
Types 

Number of 
Sites / 

Buildings / 
Data Pairs 

Primary 
Chemicals Key Findings Limitations 

Hallberg 
et al. 
(2021)  

Sub-slab U.S.: 
nationwide 

Commercial 
and industrial 
buildings at 
U.S. 
Department of 
Defense sites 
across the 
United States 

Unfiltered: 
22/76/3,106 
Filtered: 
22/76/142 

PCE, 
TCE, 
c12DCE, 
11DCA 

• 95th percentile AFs varied 
based on chemical: AF = 
0.003 (TCE), 0.0006 (PCE), 
0.0005–0.002 (cis-1,2-
DCE), 0.0002 (1,1-DCA), 
and 0.002 (all VFCs). 

• Indoor air and subsurface 
vapor concentrations were 
weakly correlated. 

• The data were collected at 
commercial/industrial buildings 
with similar land use and slab-on-
grade foundations. 

• The AFs were independently 
evaluated for 274 HVAC zones 
(assumed to be operating at the 
time of vapor sampling). 

• Buildings with identified 
preferential pathways were filtered 
from the data set. 

• Similar 95th percentile AFs varied 
depending on the VFC (the highest 
AFs were generally observed for 
TCE). 

Lahvis 
and 
Ettinger 
(2021) 

• Sub-slab 
• Exterior soil 

vapor 

California Residential and 
nonresidential; 
predominantly 
slab-on-grade; 
numerous 
residential and 
institutional 
(i.e., school) 
properties with 
crawl-space 
construction 

Unfiltered: 
36/485/8,415 
Filtered: 
23/71/788 

PCE, 
TCE 

• 95th percentile AF = 0.002 
(TCE and PCE), 0.001 
(TCE), 0.003 (PCE), 0.0008 
(reliability analysis), and 
0.0009 (indoor air/exterior 
soil vapor data pairs). 

• AFs demonstrated little 
sensitivity to variables 
typically considered 
important in VI 
characterization (partially 
attributed to relatively 
weak correlation of indoor 
air and subsurface vapor 
concentration data). 

• Consider reliability analysis 
for AF evaluation in certain 
cases. 

• Data used to derive the AFs were 
mainly from nonresidential sites, 
buildings with slab-on-grade 
foundations, and sites located in 
coastal metropolitan areas of 
California. 

• Buildings with identified 
preferential pathways were filtered 
from the data set. 
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Study Media Geographic 
Distribution 

Building 
Types 

Number of 
Sites / 

Buildings / 
Data Pairs 

Primary 
Chemicals Key Findings Limitations 

Abbasi, 
et al. 
(2023) 

• Sub-slab 
• Exterior soil 

vapor 
• Groundwater 

California Residential and 
nonresidential; 
predominantly 
slab-on-grade; 
numerous 
residential and 
institutional 
(i.e., school) 
properties with 
crawl-space 
construction 

Unfiltered: 
52/213/4,972 
Filtered: 
32/82/600 

PCE, 
TCE 

• 95th percentile AF = 0.005 
(indoor air/sub-slab soil 
vapor data pairs), 0.0009 
(indoor air / exterior soil 
vapor data pairs), and 
0.001 (groundwater data 
pairs). 

Data used to derive the AFs were 
mainly from nonresidential sites, 
buildings with slab-on-grade 
foundations, and 32 sites located in 
metropolitan areas in California. 

Eklund 
et al. 
(2023) 

Sub-slab U.S.: Midwest Industrial 
buildings 

Unfiltered: 
1/77/10,7000 
Filtered: 
1/64/157 

PCE, 
TCE, 
Freon 12, 
111TCA 

• 95th percentile AF = 0.0003. 
• Indoor air concentrations 

were spatially uniform sub-
slab soil-gas 
concentrations that varied 
over 4 orders of magnitude 
but exhibited little temporal 
variability (i.e., multiple 
rounds of sub-slab soil 
vapor sampling would not 
improve VI risk 
assessment). 

• Slightly higher AFs were 
observed during winter. 

• AFs were not noticeably 
affected by building size. 

• Different AFs should be 
applied to residential and 
nonresidential buildings. 

The data were from a single 
industrial site located in the U.S. 
Midwest with significant seasonal 
variability in meteorological 
conditions. 
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Study Media Geographic 
Distribution 

Building 
Types 

Number of 
Sites / 

Buildings / 
Data Pairs 

Primary 
Chemicals Key Findings Limitations 

Lahvis 
et. al 
(2025) 

• Sub-slab 
• Exterior soil 

vapor 

Unfiltered: 32 
states 
Filtered: 15 
states 

Residential and 
nonresidential 

Unfiltered: 
More than 
26,000 paired 
measurements 
of indoor air 
and 
subsurface 
vapor 
at 1,541 
buildings, 330 
sites 
Filtered: 1,474 
indoor air and 
subsurface 
vapor 
measurements 
from 271 
buildings, 86 
sites 

PCE, 
TCE 

• AFs for various site-
specific scenarios 
encountered during site 
screening (e.g., foundation 
type, sample type, building 
type, date of building 
construction, geographic 
region) varied by more 
than an order of 
magnitude. Individual 
variables indicated that 
sample type (sub-slab or 
near-slab soil vapor), 
building type (residential or 
nonresidential), U.S. 
Climate Zone (Zones 1–3 
[warmer, more temperate 
climates] or Zones 4–7 
[cooler, less temperate 
climates]), date of building 
construction (pre- and 
post-1950), and building 
foundation type (slab-on-
grade versus crawl space 
or basement) were the 
most statistically 
significant variables. 

The AFs derived in this study for 
certain residential and basement 
scenarios with relatively small AF 
data sets have greater uncertainty. 
The small data sets arose because of 
efforts to target AF data with the 
greatest likelihood of being 
associated with VI and the 
calculation of building-specific AFs. 

Abbreviations: 111TCA = 1,1,1-trichloroethane; 11DCA = 1,1-dichloroethane; AF = attenuation factor; BTEX = benzene, toluene, ethylbenzene, xylenes; c12DCE = cis-1,2-dichloroethene; HVAC = heating, 
ventilation, and air conditioning; PCE = tetrachloroethene; TCE = trichloroethene; VFC = vapor-forming chemical; and VI = vapor intrusion. 
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Table 3. Sub-slab and soil vapor to indoor air attenuation factors. 

Study Sub-Slab Vapor AF Median / 
95th Percentile 

Soil Vapor AF Median 
/ 95th Percentile Receptor Scenario 

USEPA (2012) 0.0027 / 0.026 0.0038 / 0.25 Residential 
Lahvis and Ettinger 
(2021) 

0.0001 / 0.0024 0.0001 / 0.001 Residential and Nonresidential 

Abbasi et al. (2023) 0.000067 / 0.0048 0.000043 / 0.00087 Residential and Nonresidential 
Eklund et al. (2024) 0.000093 / 0.00064 Not applicable Industrial Not applicable 
Hallberg et al. 
(2021) 

0.00007—0.00002 /  
0.0002—0.003 

Not applicable Nonresidential Not applicable 

Lahvis et al. (2025) 0.001—0.004 /  
0.02—0.008 

0.0001* / 0.003* Residential 

Lahvis et al. (2025) 0.002—0.0003 /  
0.01—0.008 

0.001—0.0001 /  
0.02—0.008  

Nonresidential 

* No data for climate zones 4–7. 

Table 4. Groundwater to indoor air attenuation factors. 

Study Groundwater Median / 95th Percentile Receptor Scenario 
USEPA (2012) 0.000074 / 0.0012 Residential 

Levy et al. (2023) 0.0000007 / 0.00007 Nonresidential 
Abbasi et al. (2023) 0.00001 / 0.001 Nonresidential 

Modeled Attenuation Factors 
VI models typically consider the following components of the VI conceptual site model: 

• VFCs present in soil/groundwater will partition (i.e., volatilize) to soil vapor based on chemical-
specific properties and the concentration of VFCs in soil/groundwater. 

• VFCs migrate in soil vapor by diffusion (i.e., the natural movement of chemicals from areas of high 
concentration to areas of low concentration) from the source to the sub-slab / ground surface. As a 
result of the diffusive transport, chemical concentrations near the sub-slab/ground surface are lower 
than those at the contaminant source. 

• Certain VFCs, such as petroleum hydrocarbons and vinyl chloride, may naturally biodegrade in the 
vadose zone, further reducing their flux to the surface. 

• VFCs in sub-slab soil vapor can enter the building through cracks in the foundation or gaps around 
utility penetrations. The soil vapor entry into the building is typically driven by wind effects, stack 
effects (caused by heating within the building), or mechanical ventilation (e.g., bathroom fans) that 
induce a slight depressurization of the building. 

• Chemicals entering the building will disperse in indoor air as a result of building ventilation. 

VI models calculate the flux through these different zones, and these results may be used to calculate an 
AF to aid in corrective action decision-making at sites. Note that AFs evaluated using empirical VI 
databases do not account for the impact of biodegradation of the VI pathway. As a result, some agencies 
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have proposed the application of a biodegradation factor if conditions are shown to be conducive to 
biodegradation (California DTSC 2023). Additional considerations and limitations on the use of models to 
evaluate the VI AF are discussed in Section 8.4. 

The Johnson and Ettinger (1991) model is a screening model that may be used to calculate the VI AF 
without the consideration of vadose-zone biodegradation. To facilitate modeling using the Johnson and 
Ettinger model, USEPA and the California Environmental Protection Agency Department of Toxic 
Substances Control (DTSC) have published spreadsheets that can be easily used by environmental 
practitioners to perform the Johnson and Ettinger model calculations (California DTSC 2024; USEPA 
2017) and calculate site-specific AFs. DTSC’s 2024 Johnson and Ettinger update provides sensitivity 
analysis on AFs based on site-specific variables, including soil types for three distinct layers, and site-
specific building parameters. 

Other models, such as BioVapor (API 2010) and PVIScreen (USEPA 2016), are better suited to evaluate 
AFs for biodegradable compounds. Building-specific AFs can also be determined from VI transport 
modeling (e.g., Johnson and Ettinger 1991), the DTSC Johnson and Ettinger Spreadsheet Update (2024), 
BioVapor (API 2010), PVIScreen (USEPA 2016), and field measurements using building pressure cycling 
(McHugh et al. 2012) or other methods. 

Alternate modeling approaches include the following: 

• A model based on evaluation of vacuum and flow data collected during sub-slab depressurization or 
high-volume sampling has been developed (McAlary et al. 2018; Nicholson et al. 2021). This model 
uses the solution of the “leaky aquifer” to calculate the leakance of the building foundation, which is 
then used to determine the sub-slab to indoor air AF. 

• Another model correlates measured indoor air concentrations with barometric pressure gradients to 
predict the distribution of indoor air concentrations over time (Kram and Solgi 2025). 
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