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EPA Guidance and Fact Sheets on ITS
• EPA (2015) VI Guidance

‾ Buildings with radon greater in indoor air than 
ambient (outdoor) air are likely susceptible to 
soil gas intrusion…

‾ Pressure differences during sampling can 
support insights about driving forces

‾ EPA recommends documenting wind direction, 
precipitation information, temperature, 
barometric pressure

• EPA ITS Fact Sheets
(https://iavi.rti.org/workshops.html)
‾ Monitoring Radon as a VI Tracer or Surrogate
‾ Measuring Pressure (Differential and 

Barometric) as a VI Indicator
‾ Measuring Temperature as an Indicator for VI
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https://iavi.rti.org/workshops.html


Examples of State VI Guidance -- ITS
• CalEPA (2020) Draft Supplemental VI Guidance

‾ Naturally-occurring radon or other tracers may be 
used for evaluating subsurface VI

• North Carolina (2018) VI Guidance
‾ Radon can be monitored in indoor air and compared 

to outdoor levels

‾ Sub-slab and indoor air radon may be used to 
estimate sub-slab to indoor air attenuation factors”

‾ VI can be evaluated using … pressure data to 
demonstrate the driving force for soil gas entry … or 
evaluation of tracers

• Oregon (2010) VI Guidance
‾ Subsurface and indoor radon can provide another 

line of evidence for evaluating VI potential
‾ Changes in pressure can move gases … wind can 

enhance VI rates … collect barometric pressure and 
wind-speed during indoor sampling3



ATSDR and ITRC VI Guidance -- ITS

• ATSDR (2012) Evaluating VI Pathways
‾ Compare indoor and outdoor air levels of low-cost tracers or 

indicators of soil gas intrusion, such as radon
‾ Barometric pressure drops can increase VI

• ATSDR Home Alterations and VI Fact Sheet (in progress)
‾ Radon sampling can help determine the need for more in-

depth chemical VI investigation

• ITRC (2007) VI Guidance
‾ Radon is a commonly used tracer for VI
‾ Measurement of pressure gradient can assist in interpreting 

measured indoor concentrations
‾ Collection of meteorological data can help assess VI
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Department of Defense (DoD) -- Indicators and Tracers
• DoD (2009) VI Handbook

‾ Radon data may help filter out data not associated with VI
‾ Pressure can help assess need for further investigation
‾ Temperature, barometric pressure and precipitation can 

influence vapor flux
• DoD (2017) Fact Sheet 004: Use of Building Pressure 

Cycling in Vapor Intrusion Assessment
‾ Pressure fluctuations induce varying amounts of VI
‾ Controlling building pressure can reduce spatial/temporal 

variability of indoor air concentrations due to VI
• DoD (2017) Fact Sheet 005: Use of Tracers, Surrogates, 

and Indicator Parameters in VI Assessments
‾ Tracers, surrogates, and indicators can be used for several 

purposes as part of a VI assessment
• DoD (2019) Fact Sheet 007: Matrix for Selecting Vapor 

Intrusion Investigation Technologies
‾ Building pressure differentials, radon, temperature 

differentials, and tracers can be used to assess VI5

Addenda to 
Handbook



DoD (2019) Matrix of VI Technologies Fact Sheet
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Table 1. Matrix of VI Investigation Technologies

Example study question, 
DQO, and sub-DQO



DoD (2019) Matrix of VI Technologies Fact Sheet (cont’d)
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VI Indicator and Tracer Technologies
(useful technologies to help achieve objectives)

Table 1 (cont’d)

Example study question, 
DQO, and sub-DQO



Reasonable Maximum Exposure (RME) 
USEPA (1989) Risk Assessment Guidance for Superfund (RAGS)

RME = Highest exposure that is 
reasonably expected to occur
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• Exposure depends on:
‾ Chemical exposure 

concentration; and
‾ Input parameters that 

describe the exposed 
population

• Values for inputs selected 
to give RME estimate
‾ Combination of central 

tendency and high-end 
values

www.epa.gov/expobox/exposure-assessment-tools-tiers-and-types-deterministic-and-probabilistic-assessments

http://www.epa.gov/expobox/exposure-assessment-tools-tiers-and-types-deterministic-and-probabilistic-assessments


9

Estimating the Inhalation Exposure Concentration (EC)

• RME needs to account for:
‾ Uncertainty in chemical concentration (CA); and 
‾ Variability in exposure parameters (ET, EF, and ED)

• Chemical concentration:
‾ Use estimate of arithmetic average (e.g., 95UCL)
‾ Account for time and space (exposure area)
‾ 95UCL can be > max with limited data or extreme variability

USEPA (1992) Supplemental Guidance to RAGS: Calculating the Concentration Term

Cancer
Risk = EC X Toxicity

Value

Noncancer
Hazard

EC
Toxicity Value

=

Risk Management (USEPA, 1991)
• Cancer: 1E-06 to 1E-04
• Non-cancer hazard: 1 

USEPA (2009) RAGS Part F, 
Supplemental Guidance for 
Inhalation Risk Assessment



Considerations when Estimating Indoor Air Concentrations
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Johnson et al., 2015

Schumacher et al., 2013

• Can 95UCL on mean be calculated with sufficient confidence?
• How to account for uncertainty/variability in time and space?

‾ Timing, type, number, location/zone, frequency, and duration of samples?

• Should maximum or 95th/90th percentile indoor concentrations be 
used if unable to calculate 95UCLs?

• How can indicators/tracers/surrogates (ITS) increase confidence?

Residential

Commercial/
IndustrialResidential
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Thank you!

Questions?

Loren
Loren.Lund@Jacobs.com
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