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Topics:

• The vapor intrusion (VI) pathway

• VI guidances and screening levels

• VI investigation methods
 Conventional sampling
 Technologies/tools to address uncertainties

• VI mitigation for residential buildings
 Rapid response
 Long-term mitigation for existing and new buildings
 Maintenance and monitoring
 Termination and closure

ITRC (2014)
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Vapor Intrusion from TCE Plume, Endicott, NY
• One of the largest vapor intrusion sites in the US

• Nearly 1000 properties assessed over a 350-acre 
TCE plume in groundwater

• Successful mitigation of over 450 homes and 
businesses
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“Vapor intrusion is the general term given to migration of hazardous vapors from any subsurface contaminant source, such 
as contaminated soil or groundwater or contaminated conduit(s), into an overlying building or unoccupied structure via 
any opening or conduit…Vapor intrusion is a potential human exposure pathway”.  (EPA, 2015 VI Guidance)

What is Vapor Intrusion?

Mass DEP VI Guidance, 2016, Fig 2.1
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A “complete” VI pathway requires:

Mass DEP VI Guidance, 2016, Fig 2.1

• A subsurface source of vapor-forming chemicals

• A transport route to a building

• A means of vapor entry into the building (e.g., 
openings in the foundation)

• One or more receptors (people) in the building 
when the vapor-forming chemicals are present 
in indoor air

The VI pathway is incomplete if one or more of the 
above conditions is absent 

(and VI mitigation is not generally warranted)
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Key Elements of the Conceptual Site Model for VI

WA Dept of Ecology, VI Guidance, 2022, Fig 1
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Chlorinated VOC VI vs. Petroleum VI – USEPA Technical Guides

Petroleum Vapor Intrusion 
(PVI)
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Key VOCs associated with PVI from petroleum hydrocarbons (PHCs)
• Benzene, trimethylbenzenes (TMBs), and naphthalene
• Additives such as MTBE, TBA, and EDB
• Methane from biodegradation of PHCs

PHCs generally biodegrade rapidly under aerobic conditions such that the potential for PVI is decreased 
compared to chlorinated VOCs, which generally persist and degrade anaerobically and slowly

USEPA PVI Guidance, 2015, Fig 2 USEPA PVI Guidance, 2015, Fig 8
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USEPA PVI Guidance, 2015, Table 3

Vertical Screening Distances for Petroleum VI Evaluation
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Screening distances for VI assessment – Massachusetts example

Fig 4-1 of MassDEP VI Guidance, 2016,
72-Hour Notification Requirement

VOC Proximity to Building Horizontal Vertical

VOCs in soil or soil gas 6 ft 10 ft

VOCs in dissolved phase plume > 
GW-2 standard

30 ft 15 ft

VOCs in dissolved phase plume > 
10X GW-2 standard

100 ft 15 ft

Volatile LNAPL 30 ft 30 ft
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State Department Status of VI Guidance
Connecticut Dept of Energy and Environmental 

Protection
Concurrence (Oct 2017) with ITRC VI Guidance (2007);
Remediation Standard Regulations – Volatilization Criteria

Maine Dept of Environmental Protection Supplemental VI guidance (Feb 2016) to USEPA VI guidance (2015)

Massachusetts* Dept of Environmental Protection Oct 2016 VI guidance

New Hampshire Dept of Environmental Services July 2006 VI guidance w/Feb 2013 revision

New Jersey* Dept of Environmental Protection May 2021 VI guidance (ver 5.0)

New York Dept of Environmental Conservation 2006 VI Guidance

Rhode Island Dept of Environmental Management No stand-alone VI guidance (VI addressed in remediation regs);

Vermont* Dept of Environmental Conservation March 2020 VI Guidance

NEWMOA-member States’ VI Guidance

*MA, NJ, and VT most recent and detailed on VI data collection methods
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Media Units CT MA ME NJ NH NY RI VT USEPA

Indoor Air ug/m3 1 0.4 2.1 3 0.4 2 None 0.5 0.48

Soil Gas* ug/m3 760 28 63 27 20 Varies None 5 (< 5 ft)
50 (>5 ft) 16

Groundwater ug/l 27 5 None 2 20 None None 1.19 1.2

Example – VI residential screening values for TCE

VOC screening thresholds typically used to determine if additional investigation of 
the vapor intrusion pathway is required

*Preference for subslab soil gas over exterior soil gas
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Attenuation Factor and Screening Levels

Attenuation factor = α = Cindoor air / Csubsurface

Cscreening level, soil gas = Ctarget indoor air / α

Cscreening level, groundwater = Ctarget indoor air / (α x H x 1000 L/m3) ,  H = Henry’s law constant

Many states have 
adopted the USEPA 
attenuation factors in 
establishing VI screening 
levels for soil gas and 
groundwater

https://www.epa.gov/vaporintrusion/vapor-intrusion-screening-level-calculator USEPA VISLs

https://www.epa.gov/vaporintrusion/vapor-intrusion-screening-level-calculator
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Investigation Sampling Methods

• Exterior soil gas – temporary and permanent probes

• Subslab vapor – temporary and permanent ports

• Indoor Air
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Exterior soil gas sampling Pros
• Delineate VOCs in soil gas to narrow focus of buildings needing 

subslab and/or indoor air sampling

• Less disruptive than interior sampling

• Less expensive than monitoring wells

• Can be done concurrent with soil sampling and logging to 
identify factors that promote or hinder VI (soil type, layering, 
moisture content)

Cons
• Sub-slab vapor favored by most states for comparison to 

screening levels and indoor air samples

• Potential spatial and temporal variability, particularly for 
shallower exterior soil gas

• May miss exterior preferential pathways such as utility 
trenches and sewer lines.
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Exterior soil gas sampling probe – single event equipment

Retractable drive 
point connect to 
flexible tubing 
through hollow rod

Hand-driven tools Hydraulic push tools
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Exterior soil gas sampling probe – permanent monitoring
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Multiple physical and chemical lines of 
evidence:

 Downward hydraulic gradients 

 VOC profiling consistent w “diving plume” 
overlain by clean water lens

 Shallow silt- and clay-rich soils with high 
water saturation

  
 TCE not detected in subsurface gas

Example of exterior investigation to rule out off-site VI – Pathway not complete
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Sub-slab soil gas sampling – single event

Temporary hole drilled through slab and 
sealed with hot beeswax
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Subslab port installation – permanent installation used for:

https://www.vaporpin.com/ 

Commercial product

• Multiple sampling events
• Cross-slab differential pressure monitoring to assess VI mitigation performance

or

https://www.vaporpin.com/
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Helium (ultra 
high purity)

Shroud over port

Peristalitic 
pump

Tedlar bag for screening for helium

Integrity/leak testing of port construction

Sampling into Summa® 
canister

Collection of primary and 
field duplicate samples

Subslab vapor sampling
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How many subslab samples?

State # of subslab samples for typical residence

Mass 2 to 4, including one from the center;
1 to 2 events

NH 3, including one from the center

NJ Minimum of 2

For larger residential or commercial/industrial buildings

NJDEP VI Guidance, 2021

“cannot be based on area 
alone…based on 
professional judgment to 
determine the number of 
subslab samples”
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Subslab and soil gas sampling

Sources of Error or Bias QA/QC Measures Lessons Learned
Sample dilution due to leaky 
surface seal drawing in ambient air

Conduct integrity/tracer testing; 
maintain sample rate <200 
ml/min

Use ultra-high purity helium as 
tracer; avoid sulfur hexafluoride 
(SF6) – greenhouse gas

Sample dilution due to leaky tube 
fittings/connections

Conduct “shut-in” test (see NJ VI 
guidance for details)

Use gas-tight fittings (no quick-
connect fittings)

VOCs absorb/desorb from tubing 
material

Use Teflon-lined or stainless steel 
tubing

Discard flexible tubing after each 
sample. No Tygon, LDPE, or vinyl 
tubing

Tedlar bags – bag may contain 
VOCs; bag allows VOC diffusion in 
and out over a period of days

Analyze ASAP (< 3 hrs) to avoid 
VOC loss through bag

Use Tedlar bags for “screening” 
only; Kynar bags are more robust 
but not readily available

Summa® canister sampling See separate table on indoor air sampling
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Indoor Air Sampling Typical State guidelines:

• Conduct pre-sampling building inventory/assessment

• Use stainless steel canisters (Summa®) for lab analysis of VOCs by 
EPA Method TO-15

• Analyze for full TO-15 analyte list unless there is justification for 
narrowing list

• 24-hr time-averaged samples (8-hr acceptable for non-residential 
buildings in most states)

• Collect at least one sample from the likely space where VI may 
occur (basement or crawl space) and one sample from the lowest 
living level

• When collecting concurrent subslab samples, collect them after 
indoor air to avoid potentially cross-contamination to indoor air



25

Sampling with Summa® canisters 

Sources of Error or Bias QA/QC Measures Lessons Learned
Contaminated canisters or flow 
controllers from lab

Order individually certified clean 
canisters/controllers and obtain 
lab QA/QC report

Batch certified canisters not worth 
the uncertainty in cleanliness

Faulty equipment – low canister 
vacuum on receipt

Check canister vacuums prior to 
field mobilization

Order extra canisters

Faulty equipment – flow 
controllers

Check canister vacuum frequently 
during sampling

Order extra controllers

Field contamination during 
prep/storage/shipping

Collect field blank using ultra high 
purity nitrogen

Order UHP nitrogen from lab – 
commercial gas may have trace 
contaminants

Leakage during return shipping Close canister with 7 to 3 in. Hg 
vacuum remaining and record on 
Chain-of-Custody

Don’t rely on canister gauge – use 
separate vacuum gauge

Field imprecision Collect a field duplicate sample Collect duplicate where you expect 
to get a VOC detection
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The major confounding factors of indoor air sampling:

1. Background/indoor sources of VOCs

2. Time variability of VI
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Examples of PCE- and TCE-containing products 
that can interfere with VI sampling
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Indoor Air Sampling –  Beware of indoor sources

Indoor sources of VOCs
• Household and commercial products
• Dry-cleaned clothes
• Building materials (paints, finishes, carpets, adhesives, etc.)
• Gasoline, attached garages
• VOCs entering from outdoor air

QA/QC Measures
• Conduct pre-sampling survey including field documentation and photos
• Remove commercial products 24 to 48 hrs before sampling – not always 

feasible
• Collect outdoor air sample upwind of building or near HVAC intake
• Collect subslab samples for comparison
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Vapor intrusion can be extremely time variable

KEY POINT: A random 24-hr sample represents neither 
the worst-case short-term nor the long-term average

Arizona State U. Research House, Layton, UT

Variability in VOC concentrations spans 1 to 2 orders of magnitude

Assuming one or two 24-hour samples:
• High potential to miss VI episodes (false negative)
• High potential to overestimate long-term exposure  if sampling occurs during episodic VI (false positive)
• High potential to miss max short-term exposure (false negative)
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How many indoor air sampling events?

State Guidance

Maine 4 successive “clean” rounds spaced 3 mos. apart to conclude no VI pathway

Mass Multiple rounds across several seasons, including worst-case (Tbl 2 of VI 
guidance); At least 2 to 4 rounds to conclude no VI pathway

NH 1 round in late winter/early spring

NJ 1 round in the heating season (Nov 1 to Mar 31) assuming no other contradictory 
lines of evidence

NY Multiple rounds across several heating seasons
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Technologies/tools to evaluate VI variability and exposure risk

3. Longer-term samples

1. Real-time monitoring and screening

2. Building pressure tests

4. Guided samples (by temperature, radon, other 
parameters)

GC-PID/ECD



32

Continuous monitoring reveals variability
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Sniffing for VI from cracks under rugs

• Analyzed ~80 samples over 2 days in 25 
apartments

• Analyzed household products, art 
supplies, and potential VI pathways

Results:
PCE due to art supplies.
TCE due to VI through floor cracks.

Is it VI or indoor sources of chemicals?
PCE and TCE in indoor air in former mill building 
converted to apartments (artistic residences)  

Courtesy of StoneHill Environmental

Instant results using portable analyzer (HAPSITE)
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Real-time continuous VI sampling using EPA’s Trace Atmospheric Gas Analyzer 
(TAGA) Mobile Laboratories

For more information:
Archive of Aug 29, 2018 webinar: https://clu-in.org/live/archive/  

https://www.epa.gov/ert/trace-atmospheric-gas-analyzer-taga 

https://clu-in.org/live/archive/
https://www.epa.gov/ert/trace-atmospheric-gas-analyzer-taga
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VI Diagnostic Tool: Building Pressure Tests

Negative pressure: favors VI
Positive pressure: suppresses VI
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Guideline Neg. Pressure Test Pos. Pressure Test

Fan Location Door or window Door or window

Fan operating 
condition

Adjust flow to achieve -10 to -15 Pa 
(-0.04 to -0.06 wc) indoor/outdoor 
pressure difference

Adjust flow to achieve +10 to +15 
Pa indoor/outdoor pressure 
difference

Duration At least 9 air exchanges = 9 x bldg. 
vol/fan flow rate

4 air exchanges = 4 x bldg. vol/ fan 
flow rate

Air sample 
collection

Sample at fan intake, in each room of 
interest, outdoor air

Sample outdoor air and in each 
room of interest

Data Evaluation Indoor VOC levels greater than initial 
conditions indicate VI

Indoor VOC levels greater than 
outdoor indicate indoor source(s)
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Long-term Sampling Devices (passive samplers)

Pros
• Small, unobtrusive, easy to use, easy to ship
• Total cost typically less than Summa® canister samples
• Provide 1-day to 30-day (or more) composite samples that 

can capture longer term variability

Caveats
• Requires careful selection of sampling device, sorbent 

material, and deployment time to achieve target analyte 
reporting limits – need to consult with laboratory

• Some VOCs are weakly absorbed and poorly retained (e.g., 
vinyl chloride, chloromethane)

• May miss short-term concentration peaks/spikes
• Not routinely accepted in place of 24-hr TO-15 samples for 

final risk exposure decisions
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Max. Daily Avg [ug/m3] =
(Long-term conc) x (# days of deployment)

For example:
To meet TCE daily max threshold of 
<6 ug/m3, then 14-day avg result 
must be <0.43 ug/m3 (0.43 x 14 = 6)

Assessing short-term peaks using long-term sampler results
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For more information on passive samplers…
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Guided Sampling: Current research topic on the use of indicator parameters such as temperature, 
pressure, and radon to sample indoor air when VI is most likely

Sun Devil 
Manor, UT
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Resource for “State of VI Science” https://iavi.rti.org/workshops.html 

https://iavi.rti.org/workshops.html


42

Residential VI Mitigation
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VI Mitigation Decision Matrix – NJ Example

NJ VI Guidance, 2021

IARS = Indoor Air Remediation Standard

SGSL = Soil Gas 
Screening Level
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VI Mitigation Decision Matrix – NY Example

NY VI Guidance, 2017

Matrix B: Tetrachloroethene (PCE), 1,1,1-Trichloroethane (111-TCA), Methylene Chloride
Matrix C: Vinyl chloride 
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VI Mitigation Overview – ITRC Guidance

https://vim-1.itrcweb.org/ 

Mainly for new construction

Mainly for 
commercial, 

industrial, 
institutional buildings

https://vim-1.itrcweb.org/


46

VI Mitigation – Rapid Response

Penetration/pathway sealing
• Quick, relatively easy, relatively inexpensive
• Some penetrations may not be visible or accessible
• May not be sufficient on its own to achieve target levels
• Supplementary/complementary to active SSD system

Floor cracks/joints sealed with 
sealant or caulk

Utility penetration sealed with 
spray foam

Open floor sump

Covered sump with vent and discharge 
pipes (from VT VI Guidance)
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VI Mitigation – Rapid Response

Air treatment units/air purifying units (ATUs/APUs) – Key characteristics
• Versatile and easy to implement
• Actively circulate indoor air and remove VOCs
• Limited and highly variable effectiveness (25% to 99% removal efficiency)
• Effectiveness at very low VOC levels is not well understood/documented
• Adsorption media (GAC) may need to be replaced if operated for months
• Make some noise and require power
• Cost ~ $1,000 to $2,000 each

https://cfpub.epa.gov/si/si_public_record_report.cfm?Lab=NERL&dirEntryId=337835

https://cfpub.epa.gov/si/si_public_record_report.cfm?Lab=NERL&dirEntryId=337835
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Example of Air Treatment for Rapid Response
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VI Mitigation – Active Mitigation

Use an electric-powered fan or blower to collect vapors and 
discharge them away from a building.

• Sub-Slab Depressurization (SSD) System

• Sub-Slab Ventilation (SSV) System

• Sub-Membrane Depressurization (SMD) System

• Crawlspace Ventilation (CSV)

• Drain Tile Depressurization

• Block Wall Depressurization

https://standards.aarst.org/
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Sub-Slab Depressurization (SSD) System

MassDEP VI Guidance, Fig 7, 2016

Key Components
• Suction pit(s)
• Extraction pipe sealed to the floor slab
• Suction fan on outside of building
• System piping with sampling port
• Condensate bypass
• U-tube manometer, vacuum gauge, or pressure sensor
• Exhaust riser to above roof level and away from windows and air 

intakes
• Sub-slab monitoring points for vacuum verification
• Remote telemetry to alert owner/operator/regulator of system 

malfunction (MassDEP requirement)

Key Design Considerations
• Building survey to identify pathways/penetrations for sealing
• Groundwater depth
• Diagnostic testing for negative pressure (vacuum) field extension 

below slab/foundation to determine number of extraction points 
• Back-draft evaluation for combustion gas spillage/leakage
• No positive pressure pipe or fans inside occupied space
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Sub-Slab Ventilation
Different from SSD in that the objective is to sweep the air from below the slab to reduce the concentrations 
below the slab (high flow, low vacuum) – requires relatively high permeability material below the slab.

ACS Lining Ltd.

Aerated Floors – used to create open void space below the slab

New building (Cupolex forms) Existing building (from VT VI Guidance)
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VI Mitigation for New Residential Construction – Design Guidance

NAVFAC, Fig 1

Key components of VI mitigation for new residential 
construction:
• Permeable sub-slab support material (e.g. gravel)
• Venting all sub-slab areas below occupied spaces
• Properly sized sub-slab and riser pipes
• A sealed vapor barrier
• Properly sized blower to maintain sufficient 

vacuum below the slab
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Vacuum measured at the extraction points is consistent with values demonstrated to be effective

Differential pressure (vacuum) measured at sub-slab monitoring 
points is consistent with values demonstrated to be effective

Inspect fan for excessive noise, 
vibration, moisture, corrosion Condensate bypass is 

functional, no condensate 
buildup or freezing

Inspect piping system for 
cracks and gaps at joints

Inspect foundation floor, walls, and 
utility penetrations for cracks and gaps

VI Mitigation Monitoring and Maintenance (M&M) Use a Checklist

*For active systems, indoor air sampling is not 
typically needed unless conditions change from 
those established at commissioning
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VI Mitigation Monitoring and Maintenance (M&M)

*For active systems, indoor air sampling is not 
typically needed unless conditions change from 
those established at commissioning

- should be conducted at least annually

from NJDEP VI Guidance Table 6-1



55

VI Mitigation Termination Evaluation

Criteria Massachusetts New Jersey New York
Shutdown 
period

7 days minimum 30 days minimum Requires site-specific work plan

Sampling 
requirements

Indoor air Indoor air and sub-
slab soil gas

Indoor air and sub-slab soil gas

# of sampling 
events

Three: spaced over 2 
years; at least one in 
heating season, and 
one other “worst-case” 
event (high gw table)

Two: spaced at least 
4 months apart; one 
in heating season

Demonstrate no “rebound” 
effect when system is off for 
prolonged period – site-specific 
determination

Other 
conditions

Run system between 
sampling events

Run system between 
sampling events

No rebound when system is off 
for “prolonged” period

Refer to state VI guidance documents for further details

1. Evidence of remediation of subsurface vapor source.
2. Shut down VI mitigation system temporarily.
3. Conduct attainment period, or rebound, monitoring.
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Closing Points/Summary
VI Assessment
• Develop the conceptual site model – establish if and how subsurface 

vapors might be causing vapor intrusion.
• Consult with the VI guidance in your state.

Use VI Investigation Toolbox
• Traditional sampling methods for soil gas and indoor air
• Real-time monitoring
• Building pressure control
• Long-term passive samples
• Guided samples

VI Mitigation
• Consider need for rapid response actions
• Conduct building survey and diagnostic/design testing for active 

mitigation
• Use available and recognized design standards and guidance
• Implement regular monitoring and maintenance (M&M) program
• Consider termination criteria when appropriate

Thank you!  Questions?
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