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Overview

• VI screening levels often calculated using default AF 
based on results of 2012 USEPA empirical attenuation 
factor study
– Limitations and uncertainties associated with USEPA database 

not adequately considered in risk-based decision making process

• New assessment has been conducted to compile and 
analyze empirical AF for data collected in California

• Results may be used develop screening levels that are 
protective of human health and help focus resources to 
locations where VI pathway is more likely to be complete



USEPA developed VI database from sites across nation to 
assess empirical attenuation factors
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USEPA, 2012.  EPA’s Vapor Intrusion Database:  Evaluation and Characterization of 
Attenuation Factors for Chlorinated Volatile Compounds and Residential Buildings

# of Bldgs

• Empirical data from over 900 
buildings at over 40 sites 
from across the country

• Majority of data from a 
few sites

• Very limited data set 
from California sites

• Paired indoor air and sub-
surface data used to 
calculate empirical 
attenuation factors

• Filtered data to screen out 
results impacted by 
background sources



Uncertainties and limitations to USEPA study need to be 
considered for VI screening and risk-based decision making

• Variability in empirical AFs 
evident in USEPA database

– 95 %ile = 0.03
– Median = 0.003

• USEPA analysis skewed by data 
from a few sites
– Mostly residential properties 

with basements
– Very limited data set for non-

residential properties
– Cold weather climates

• EPA guidance recommends the 
95 percentile value for screening 
level calculations
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USEPA study recognized background sources can result in 
positive bias on empirical AFs 

• Background sources in indoor air 
will affect empirical AF analysis

• USEPA study took steps to 
reduce potential bias of 
background sources on results
– Filtered out data with subsurface 

concentrations 50 times literature-
based indoor air background level

• More detailed assessment of 
effects of background sources on 
empirical AF is warranted

𝑨𝑨𝑨𝑨𝒆𝒆𝒆𝒆𝒆𝒆 =
𝑪𝑪𝑰𝑰𝑰𝑰
𝑪𝑪𝑺𝑺𝑺𝑺𝑺𝑺

= 𝑨𝑨𝑨𝑨𝑽𝑽𝑽𝑽 +
𝑪𝑪𝑩𝑩𝑩𝑩𝑩𝑩𝑩𝑩
𝑪𝑪𝑺𝑺𝑺𝑺𝑺𝑺
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All curves assume 
AFVI = 0.003

Increasing Background 
Concentration

𝑨𝑨𝑨𝑨𝒆𝒆𝒆𝒆𝒆𝒆 = 𝑨𝑨𝑨𝑨𝑽𝑽𝑽𝑽 + 𝑪𝑪𝑩𝑩𝑩𝑩𝑩𝑩𝑩𝑩
𝑪𝑪𝑺𝑺𝒖𝒖𝒖𝒖

Effect of background sources on empirical AF can be 
significant even for low to moderate source concentrations

TCE

AFemp = 0.023

6

PCE



Compiled VI database to develop California-specific 
empirical AF

California Database Summary
• 31 Sites

– 27 sites from study team
– 4 from EPA DB

• Paired indoor air and sub-slab / soil gas 
concentrations

• Over 400 buildings
• Foundation construction:  slab on grade 

and crawl space
• Land Use:  residential, school, 

commercial, industrial, military
• COPCs:  mostly TCE & PCE, but some 

other analytes included

City Land Use Description Primary COPC No. of 
Buildings 

Sub-Slab 
Vapor 
Data 

Soil 
Vapor 
Data 

Alameda Commercial PCE, TCE 3 X   
Santa Clara Commercial PCE, TCE 6 X   
Los Angeles Industrial PCE, TCE 1 X   
Los Angeles School PCE, TCE 13 X X 
Los Angeles Single Family Homes PCE, TCE 17   X 
Burbank Single Family Homes PCE, TCE 5 X X 
Los Angeles Multi-Family Homes PCE, TCE 9 X X 
Oakland Commercial CVOCs 1 X   
San Diego Light Industrial PCE, TCE 1 X X 
San Diego Military TCE 13 X   
Emeryville Commercial PCE  5   X 
Davis Commercial PCE 4 X   
El Cajon Commercial/Industrial  CVOCs 4 X   
Santa Fe Springs Industrial PCE, TCE, Other 2 X   
Brisbane Industrial PCE, TCE, Other 1 X   
San Leandro Industrial PCE 1 X   
SSF Industrial PCE, TCE 2 X X 
SSF Industrial TCE 1   X 
Torrance Commercial TCE, PCE 1   X 
Los Angeles  Industrial TCE, PCE 1 X 

 

Orange County Industrial TCE, PCE 1 X 
 

Ontario Industrial TCE, PCE 1   X 
Compton Industrial TCE, PCE 1   X 
Bell Gardens Commercial Radon 2 X   
Carson Single Family Homes Petroleum, PCE, TCE 253 X   
Puente Valley Mixed Use PCE, TCE, Other 14 X X 
Edwards Military PCE, TCE 13 X X 
Alameda Commercial Petroleum 1 X X 
Mountain View Residential TCE 4 X X 
Mountain View Residential TCE 5   X 
Mountain View Residential TCE, PCE 8 X   
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Shaded locations were included in the 2012 USEPA VI database



Geographic distribution of California empirical VI data set 
covers major urban areas of the State

Soil VaporSub-Slab Vapor
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18 Sites
314 Buildings
1194 Empirical AFs

13 Sites
92 Buildings
986 Empirical AFs



Data analysis approach is similar to USEPA evaluation

• Calculate empirical AF for each indoor air / subsurface data 
pair (AF = Cia/Css or Cia/Csv)
– Only include pre-mitigation sample results
– Manually identify nearest subsurface data point
– AF not calculated if analyte not detected in indoor air or subsurface
– Exclude data if background source previously identified by source 

screening or multiple-lines of evidence evaluation (e.g., 
concentration ratio analysis)

– Apply “Subsurface Concentration Screening” process to address 
background bias of empirical results

• Subsurface concentrations less than 250 µg/m3 filtered from 
analysis
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California dataset is similar in size to USEPA national dataset 
and includes substantial dataset for non-residential buildings

EPA 
DB

EPA DB 
(CA)

CA Data 
Set

Res.* Non-
Res.

# Sites 12 3 19 (4) (15)

# Bldgs 424 12 314 (265) (49)

# Emp. 
AFs (Total)

1231 15 1194 (568) (626)

# Emp. 
AFs (Filter)

431 2 301 (32) (269)

EPA 
DB

EPA DB 
(CA)

CA Data 
Set

Res.* Non-
Res.

# Sites 11 1 15 (5) (11)

# Bldgs 130 3 92 (67) (25)

# Emp. 
AFs (Total)

213 3 986 (738) (248)

# Emp. 
AFs (Filter)

106 2 385 (329) (56)

Sub-Slab Vapor Data Set Soil Vapor Data Set
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*  School site is included in residential site list



California empirical AF results are substantially lower 
than USEPA results
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Statistic USEPA Database
(Sub-slab)

California Database
(Sub-Slab and Soil Vapor)

Maximum 9.4E-1 9.3E-3

95th %ile 2.6E-2 1.9E-3

75th %ile 6.8E-3 5.0E-4

50th %ile 2.7E-3 1.2E-4

25th %ile 1.5E-3 3.5E-5

Minimum 2.5E-5 1.0E-7



Limited variability is observed for different subsets of the 
data reviewed
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Similarity in residential/non-residential AFs is due to differences in 
source depth and mixing of VOCs in indoor air  for large buildings

• Non-residential AFs largely from sub-slab 
data and residential AFs largely from 
deeper soil vapor data 
– AF reduction due to higher ventilation rate 

for non-residential buildings is balanced by 
AF increase due to sub-slab source

• For large buildings, AF in low-source 
concentration areas may be biased high 
by vapor intrusion in other parts of the 
building due to mixing in indoor air
– Averaging of concentrations  may be more 

informative than point-by-point ratios
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Sub-slab VOC concentrations 
limited to portion of building

VOCs in indoor air distributed by 
building ventilation system

Cross Sectional View

Decreasing soil gas concentration

Increasing Empirical AFs



Detailed data evaluation shows AF dependence on depth and
demonstrates that modeling provides conservative estimates

• Empirical data based on soil 
vapor and indoor air data 
collected at 27 LA-area 
residences

• USEPA and SFBRWQCB 
default AFs are conservative

• J&E Model with typical input 
assumptions provides 
conservative estimate

• Difference between PCE and 
TCE AFs likely due to 
background bias
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AF = 0.03

AF = 0.002

AF = J&E



Summary

• California VI database compiled
– Consisting of VI data representative of conditions in California (e.g., 

temperate climate and building construction) to address limitations of 
USEPA national database

– Comparable in size to 2012 USEPA study
• Empirical AFs range from 1E-07 to 9E-3

– Median value:  0.00012
– 95th percentile:  0.0019

• Values are one to two orders of magnitude lower than 
USEPA default screening AF

• Results may be used develop screening levels that are 
protective of human health and help focus resources to 
locations where VI pathway is more likely to be complete 
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