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What is vapor intrusion (VI)

VI refers to movement of vapors from subsurface contamination into
buildings and other structures
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CSM of vapor transport

Potential Sources
of VOCs in Indoor Air
1) Indoor Sources
¥) Amblent Ax
) Vapor Intrysion

mmd VOCs
Due to:
« Concentration Gradient

+ Prossure Gradiont
« Temperature Gradient

&

(EKlund, 2006)
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CSM consideration — type of VI

Residual
LNAPL

Petroleum vapor intrusion - Chlorinated vapor intrusion

ITRCPVI, 2014

Petroleum VI
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Chlorinated\ﬂ
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Typical progression for evaluating VI
Step 1: Develop Site Conceptual Model

Step 2: Identify Applicable Guidance

Step 3: Perform Simple Screen

Step 4: Collect Data Outside of Building

Step 5: Collect Data Inside of Building

A VI evaluation approach:

— 2016 MassDEP VI Guidance

Assessment of a vapor intrusion pathway should proceed iteratively as disposal site conditions and potential exposure concerns warrant
and employ multiple lines of evidence in determining if the vapor intrusion pathway is likely to be of concern.”

Key elements in assessing VI

2. Primary pollutants of interest
3. Concentration of contamination

4. Limits of contamination

5. Subsurface characteristics
6. Type of construction

7. Exposure scenario
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8. Building ventilation

Factors

1. Nature of contamination

9. Background sources

10. Current use scenario
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Sampling approaches

What are some of the tools in our toolbox?

U Groundwater
U Soil sampling
oil gas
«xterior
iub-slab
Near-slab
Passive sampling

%ndoor air sampling
¢Outdoor ambient air sampling
U Crawlspace sampling

U Real-time monitoring

U Building pressure control testing

U Sewer/conduit sampling

U High volume sampling

1 Compound specific isotope analysis (CSIA)

U Hydrocarbon fingerprinting

Q and many others!

/ H&E‘ICH
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Sampling approaches
Tool Relative advantages Relative disadvantages
Soil gas * Existing data may already be available * May not be representative of soil gas close to
Shallow - <5ft * Less chance to short circuit (> 5ft) receptors o
Deep - >5ft e Temporal variations minimized (> 5ft) *  Greater temporal variability (<5ft)
p * May be conservative for screening purposes
Sub-slab soil gas * Representative data closest to receptors | © Greater spatial variability
+ Preferred approach for some regulators | * Intrusive (access agreements)
* Need to confirm tightness of port and
sample train
e Could be influenced by interior sources
Indoor air * Direct measurements of indoor air * Background indoor air sources
quality * Intrusive (access, surveying, chemical
* May be more convincing to occupants inventory)
e Temporal variability
e Poor sample control
Crawlspace air * Direct measurement of air under main | * Possible background air sources
occupied areas * Intrusive (access, surveying, chemical
inventory)
e Temporal variability Hﬁl:EHlCH
Adapted from ITRC VI Guide, 2007
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Soil gas/sub-slab sampling considerations

U Know your sampling objectives
U Preliminary evaluation?

U Exceedance of screening levels?

U Delineation? N E
U Risk to receptors? | I —

U Mitigation design?
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Soil Vapor Nested Well
Soil gas/sub-slab sampling o TGS
considerations g
USample Type §
prostar S
O Exterior — deep (>5 ft, shallow (<5 ft)
U Sub-slab
U Near-slab (if no access)
U Passive Soil Gas Sampling
U Permanent or temporary?
Cox Colvin
C. Regan, H&A
Source: H&P_%/Iobile Geoch;mis&ry
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TIP: Use video chat
with your PM if
you’re unsure of
sample locations.

Soil gas/sub-slab sampling
considerations

Number and Location — more than “dots on a
O Sampling locations for exterior soil gas
O Depth
QO Single or nested
O Locations relative to building
Q Utilities
O Sampling locations for sub-slab:
O Building square footage
O Building/room use
U Foundation information
O Utility conduits

O Openings for preferential soil gas entry Source: Ml EGLE

EPA Guidance Reference:

“...recommends site planning and data review teams consider collecting multiple samples per building when sub-slab soil gas sampling is
conducted. Three sub-slab samples have been collected in a number of EPA investigations of a typical size residential building or commercial
building less than 1,500 square feet in area.” — Section 6.4.3 OSWER VI Guidance

13

Soil gas/sub-slab sampling
QA/QC Helium Shroud

Consider and check for two types of leaks

m Leaks in the sample point,
m Around the surface seal for sub-slab points

m Probe construction (bentonite) for soil gas points

m Leaks in the sample train

m Often where the tubing connects to the flow

controller
m Leak checks may include Water Dam Test TIP: Use Nylon or
® b
m Water dam leak test Teflon t”bm:q
(not poly, which
m Helium leak test may absorb

VOCs).

m Tracer gas leak test Shut-in Test

m Shut-in or vacuum test

14
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Indoor air sampling considerations

U What are your sampling objectives?

Q Initial evaluation -
Q Identify/delineate exceedances
O Evaluate risk to receptors T 1
O Identify background indoor air sources i
O Mitigation design
O Current use versus future use \;;ﬁ;'
\A=0-21 "
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Building Survey
* Completed prior to indoor air investigations
* Collect information on occupants
* Record general building characteristics
e Document HVAC system configuration, air O SAMPLING PR
flow k=S o=
* |dentify construction and potential migration e
pathways e T
* Chemical inventory e
* |dentify other factors that could influence LI AL Lobbd 1 A48 T S 43
results =
Ol 118 AR
Owant ppme et ¥ P
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Building Survey

Entrance

Entrance

Entrance

Bathroom. ..
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TIP: Photograph products if you can’t physically write

C h em | ca I I nve ntO ry everything down (make sure you get relevant label information

in picture).
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Examples of VOC Sources

* Plastics can include:

e Can include: 1,2 dichloroethane

* PCE > 95% by weight  Toluene
* Xylene
* Canalso include: « Ethylbenzene
* TCE ¢ Petroleum
* Toluene distillates
* Acetone
* Caninclude: * Caninclude:
+ TCE * Caninclude: * 14-Dioxane
* Toluene « Aromatic * Ethanol
e Acetone petrol. dist. ¢ Naphthalene
e 1,2,4-TMB * Benzene
« 1,3,5-TMB
* Xylene

= * Cumene
Source: modified from H&P Analytical Photo source: / HﬁtE‘
Y Lila Beckley, GS ICH
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Indoor air sampling considerations
U Sample Type
U Active or passive
U Residential (active samples typically 24 hours)
U Commercial (active samples typically 8-10 hours)
Relative Advantages Relative Disadvantages
Generally accepted by regulatory agencies Can be perceived as dangerous looking
Sun‘!ma Generally reliable for most compounds of interest Limitation to about 24 hours per canister
Canisters
Generally can meet lower RLs Larger volumes, high shipping costs
More expensive
Smaller, innocuous-looking Not yet widely accepted
Passive — .
Smaller volume, lower shipping costs Need some prior site knowledge
Samplers
Can be deployed 1-21 days Regulator may require split sampling A
Adapted from ITRC VI Guide, 2007/ al %|CH
20
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Indoor air sampling considerations

U Sampling locations — more than “dots on a map”
U Results of building survey/chemical inventory
U Building footprint (ft?)
U Source location
U Location of sub-slab samples
U Preferential pathways
U During Sampling
U Observe building use before and during sampling

U Monitor vacuum through sampling period (close canister
early or late as needed)

W. McKercher, MS DEQ

C. Regan, H&A

EPA Guidance Reference:

sampling round.” - Section 6.4.1 OSWER VI Guidance

“For a typical-size residential building or a commercial building less than 1,500 square feet, EPA recommends....one time-integrated sample in the
area directly above the foundation floor (basement or crawl space) and one from the first floor living or occupied area, at least for the initial

21

USampling Locations
Q Collected concurrent with indoor air sampling
0 Wind direction *may change
O HVAC air intake locations
Q Security issues

UDuring Sampling
0 May need to set flow controllers for a longer
sampling time than indoor air (i.e., open prior
to indoor air samples and close around same
time as indoor air)

Q Check and record vacuum drop during the day
(may change speed in very cold weather)

Outdoor ambient air sampling considerations

C. Regan, H&A|

22
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Data considerations

* Know which analytical method to use (e.g., TO-15, TO-15 Low Level, TO-15 SIM, TO-15
SIM/SCAN)

* Check can size dilution

* Check against your screening levels

* Check canister availability

* Check minimum sample volume needed

* Can you limit the list of reported analytes

V'8H ‘ueday

23
Common mistakes
* Sample locations
* Soil gas sampling in water
* Sub-slab samples from damaged soil vapor points
* Sub-slab samples from points near floor cracks
* Forgetting to label depths for nested soil gas probes
o B & Sa
@
24
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Common mistakes
* |Indoor environments

* Sampling near high background
sources

* Sampling errors

* Forgetting to turn on sample
canisters

* Faulty flow controllers (going
too fast or going too slow)

® S / HRtBkicH
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Common mistakes

* Data errors — units (ug/m3 # ppb)

* Units of ppm and ppb in gas systems are commonly calculated on a volume-per-volume basis,
more accurately termed ppmV and ppbV

24.45 X ug/m3

ppbV = —w MW = molecular weight in g/mole
Or...

Jm? = MW X ppbV
K8/ = as

* Example TCE (MW=131.4 g/mole)
1 ug/m3 TCE converts to = 0.19 ppbV TCE

1 ppbV TCE  converts to = 5.4 pg/m3 TCE

**%24.45 = volume in liters that a mole of a gas occupies when the pressure is at standard temperatur
pressure HRI:Ex
ICH

27

27
Where to find more information
. INTORSTATE
* www.itrcweb.org 2 I ] q;
2
— VI guidance documents, 2007, 2014 (PV1) and 2022 (Mitigation) | 2| 141 3
— New comprehensive document coming out in 2026 o
— Free webinars (and archives of recordings)
* State regulatory guidance
— See your local state guidance or EPA
— Refer to other states guidance such as New Jersey, Wisconsin, Georgia, and others
* Keep up to date with ongoing studies/research
; = Open Access paper to Summary of all VI Open Access paper to recent background
=" . state guidance documents (as of 2022): I(gggg; air study in residential homes
Groundwater Monitoring & Remediation Groundwater Monitoring & Remediation
/ "RtBkicH
28
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Questions?

Catherine Regan

Vapor Intrusion
CRegan@haleyaldrich.com
617.997.2208

Haley & Aldrich
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