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Three Questions

* How do guidance documents address concerns with temporal
variability in indoor air (or subslab soil gas) concentrations?

* Is sampling in the winter/during the heating season recommended?
* What are recommendations regarding HVAC systems?

* Do guidance documents recommend turning HVAC systems off to achieve
near worst-case conditions?

* Do guidance documents provide recommendations for use of
indicators, tracers, and surrogates (ITS)?



Common Assumptions of VI Practitioners

Winter — Heating system operation and temperature
differences between the inside and the outside lead to stack
effects resulting in greater soil gas entry. Doors and windows
are closed limiting air exchange.

Summer — Warmer temperatures lead to greater
volatilization of VOCs and, presumably, greater soil gas
concentrations. There is also less moisture in the soils.

The effects of 1 are generally greater than the effects of 2

Sample during heating season but...

Assess temporal variability by sampling during another
season
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“Several sampling events during different seasons with Z ﬁﬁ @

a focus on the heating season” tends to be the norm...
&

Examples from US EPA and US EPA Region Guidance

e US EPA (2015) — “[M]ultiple sampling events generally are considered necessary to account for
seasonal variations in climate and the habits of building occupants and ensure that related risk
management decisions are based upon a consideration of a reasonable maximum vapor intrusion
condition. In many geographic areas in the continental United States, indoor air sampling during the
heating season may yield higher indoor air concentrations than at other periods.”

e US EPA Region 5 (2020)% — “Indoor air concentrations due to VI vary over time and are often higher
during the winter season, so additional testing should be considered if initial testing occurred during
a mild season when windows are open.”

e US EPA Region 7 (2017) — “In Region 7, a representative data set typically includes one year of
quarterly vapor intrusion samples to account for seasonal variability.”

(Underlined US EPA Regions/States provide hyperlinks to guidance)
¥ Document not yet available online


https://www.epa.gov/vaporintrusion/technical-guide-assessing-and-mitigating-vapor-intrusion-pathway-subsurface-vapor
https://semspub.epa.gov/work/07/30352706.pdf
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Examples from State Guidance

* Massachusetts (2016) — “Multiple rounds of indoor air sampling Parameter | ymiost Conservative Lowst Convervative
across several seasons [...] At least one sampling event [..] Season Late Winter/Esrly Spring Summer
during worst-case conditions [...] generally thought to occur e—— AT E—————
during Winter” Wind Steady > ~ 5 mph Calm

* Indiana (2012) — “IA sampling during the winter heating and dry Groundwater High Walar Teble Low Water Table
summer seasons will account for seasonal variability and [...] Barometric Decreasing Increasing (3 ays before)
provide the best opportunities to capture worst case DoorsMindows Closed Open
conditions” Heating System Operating off

e Wisconsin (2018) — “At least one sample in winter and one From Mass. DEP guidance (2016)
sample in another season. (Times during decreasing (also used by Ohio and New Hampshire)

temperature change may be best time to sample).”

(Underlined US EPA Regions/States provide hyperlinks to guidance)


https://www.mass.gov/doc/wsc-16-435-vapor-intrusion-guidance-site-assessment-mitigation-and-closure/download
https://www.in.gov/idem/cleanups/files/remediation_closure_guide.pdf
https://dnr.wi.gov/files/PDF/pubs/rr/RR800.pdf
https://www.mass.gov/doc/wsc-16-435-vapor-intrusion-guidance-site-assessment-mitigation-and-closure/download
https://epa.ohio.gov/portals/30/vap/docs/VI%20guidance%20Final%203-6-2020.pdf
https://www.des.nh.gov/sites/g/files/ehbemt341/files/documents/vapor-intrusion.pdf
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Some variations:

e Pennsylvania (2019) — “The indoor air data collected for screening purposes should be
collected when the daily average outdoor temperature is at least 15°F (8°C) below the
minimum indoor temperature in the occupied space and when the heating system is operating
normally. Indoor air sampling can be performed during warmer seasons, but that data should
be used for informational purposes only and should not be used to screen out the VI pathway
[...] two sampling events should occur at least 45 days apart [...].”

e North Carolina (2018) — “DWM recommends that one of the samples be collected in winter or
summer conditions, typically when it would be expected that the structure would be closed up
and the HVAC system operating. However, worst case conditions may also be considered when
the building is closed up and the HVAC system is not running. It may be necessary to collect
samples under different HVAC operation scenarios for comparison.”

(Underlined US EPA Regions/States provide hyperlinks to guidance)


https://www.dep.pa.gov/Business/Land/LandRecycling/Standards-Guidance-Procedures/Guidance-Technical-Tools/Pages/Vapor-Intrusion.aspx
https://files.nc.gov/ncdeq/Waste%20Management/DWM/NC%20VIG%20Final%2020180316%20v2.pdf

When one indoor air sampling event may be enough ﬁ (@) = g

The criteria to justify a single event, where acceptable, vary from state to state:

 New Jersey (2018) — “ [T]he sample event should take place between November 1 and
March 31 [...] generally “worst case” conditions for VI to occur. Assuming there are no
other contradictory lines of evidence, the single round of indoor/ambient air samples
should be able to determine whether the VI pathway is complete.”

* North Carolina (2018) — “A single round of sampling is acceptable (irrespective of the
seasonal timing of the sampling event) when the results are an order of magnitude
below the appropriate IASL.”

e Ohio (2020) — “Generally, if both indoor air and sub-slab vapor samples are collected
during more conservative sampling conditions and both are nondetect or below
screening values, one round of sampling may be sufficient.”

(Underlined US EPA Regions/States provide hyperlinks to guidance)


https://www.nj.gov/dep/srp/guidance/vaporintrusion/vit_main.pdf?version_4.1
https://files.nc.gov/ncdeq/Waste%20Management/DWM/NC%20VIG%20Final%2020180316%20v2.pdf
https://epa.ohio.gov/portals/30/vap/docs/VI%20guidance%20Final%203-6-2020.pdf

Should the HVAC be turned off or kept on?

“Worst-case” conditions lead to differing HVAC expectations to balance worst-case,
representativeness and practicality:

e Delaware (2015) — “De-activate HVAC systems in advance of [indoor air] sampling to
more accurately determine natural migration of sub-slab air into the building.”

e Wisconsin (2018) — “Sample with windows closed, and under normal HVAC operations.”

* North Carolina (2018) — “It may be useful to evaluate the potential for VI by collecting
indoor air samples when HVAC systems are often turned off, typically during the
evening.”

e California (2020, draft) — “One of the sampling events [...] should include both HVAC-On

<« and HVAC-Off scenarios [...] This means two periods of sampling as part of that event [...]

For the HVAC-Off scenario, the sampling duration should begin at least 36 hours
following shutdown of the HVAC.

(Underlined US EPA Regions/States provide hyperlinks to guidance)


http://www.dnrec.delaware.gov/dwhs/SIRB/Documents/9-16-16%20SOP%20Indoor%20Air.pdf
https://dnr.wi.gov/files/PDF/pubs/rr/RR800.pdf
https://files.nc.gov/ncdeq/Waste%20Management/DWM/NC%20VIG%20Final%2020180316%20v2.pdf
https://dtsc.ca.gov/wp-content/uploads/sites/31/2020/02/Public-Draft-Supplemental-VI-Guidance_2020-02-14.pdf

Indicators, Tracers, and Surrogates

Use of differential pressure, temperature, barometric pressure commonly referenced in guidance
(e.g., Massachusetts)

Radon often referenced in guidance as a possible tracer

 Montana (2011) — “At this time, the use of radon samples to determine attenuation of VOCs does
not appear appropriate, because to date there is not enough evidence to support a direct
correlation between subsurface radon intrusion and other vapor intrusion.”

e Georgia (2020 draft) — “Tracers are substances that are either naturally occurring (such as radon)
or not typically found in indoor air from background sources. When tracers are present in the
subsurface and in indoor air, they provide a line of evidence that vapor intrusion is occurring.”

* Washington (2018) — “[U]sing tracer compounds such as radon, may provide some of the
information necessary to help justify a building-specific attenuation factor.”

e Alaska (2017) — “If an investigator utilizes indicators, tracers, or surrogates to determine the
appropriate times to sample (i.e. identifies worst case short term indoor air concentrations), then
the chances of measuring the reasonable maximum inhalation exposure are significantly
increased.”

(Underlined US EPA Regions/States provide hyperlinks to guidance)


http://deq.mt.gov/Portals/112/Land/StateSuperfund/Documents/VI_guide/MontanaVaporIntrusionGuidanceDocumentFinal4_22_11.pdf
https://epd.georgia.gov/document/document/lpb2020vaporintrusionguidancedraftextrvwpdf/download
https://apps.ecology.wa.gov/publications/documents/1809046.pdf
https://dec.alaska.gov/media/12131/2017-vi-guidance-final-without-appendix-i.pdf

summary é

* Vapor intrusion guidance documents generally recommend several
sampling events to assess temporal variability, with an emphasis on
sampling during the heating season

* Although guidance documents commonly recommend HVAC systems
remain in operation during sampling, sampling with HVAC system off
is also considered

* Indicators and tracers (radon) are often referenced in guidance
documents



Additional Resources

Poster presented at the AEHS East Coast Conference, Oct.2019

https://drive.google.com/file/d/1Is7c9gFYk2yptsx-kBmb6jiY9whqCkmG/view
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State-Specific Considerations for Investigative Strategies in Vapor

Intrusion Guidance Documents: Overview and Comparison

Laurent C. Levy, Ph.D., P.E. (Jacobs, Northampton, MA), Christopher C. Lutes (Jacobs, Raleigh, NC), and Loren G. Lund, Ph.D. (Jacobs, Shelley, ID)

Background

Regulatory strategies for characterizing vapor intrusion (V1) vary substantially
among states. These diffierences are often related to the degree of conservatism
(e.q., risk target, exclusion distance). but also to different conceptual
understandings of the VI pathway.

States often borrow from “common wisdom™ or “typical practices™ without
necessarily assessing whether the strategies are applicable to their geography
(e.0., “winter-is-worst” perception). In some instances, they recognize regional
differences to develop more specific strategies.

The objective of this research work is to identify to what extent states account
for regional differences in climate, building constructions, and other factors to
investigate the VI pathway.

Key Findings

* The most recent guidance documents (or updated guidance) tend to be
the most sophisticated, keeping pace with current VI developments.

« Many states now recognize that “worst-case” conditions may also be encountered
during seasons other than winter due to a variety of factors (e.q., lower soil
moisture content and water table during the summer, windows closed during
the summer for climate control).

» Most guidance documents include considerations related to climate and weather,
including temperature, precipitation, barometric pressure, and wind; specifics
regarding sampling soil gas after significant precipitation events vary significantly
from state to state.

» Most states acknowledge the importance of building type, differential pressure,
and HVAC operation on the VI pathway — several states also use separaie
attenuation factors for non-residential structures.

» Almost all guidance documents indicate the need to identify VI preferential
pathways, although specifics vary substantially.

» Few guidance documents consider diffusion-driven VI or provide distinct VI
assessment approaches when the VI source is located in the vadose zone
(instead of groundwater).

+ Some states’ guidance now includes considerations related to innovative
approaches, such as pressure cycle testing and monitoring indicators, tracers,
and surrogates (2.9., radon, differential temperature).

More Information

The Vapor Intrusion Blog: hitps:/ivaporintrusion.blogspot.com/
Use barcode to the left to download a copy of this poster.

Contact: laurent.levy @ jacobs.com

Vapor Intrusion Conceptual Site Model

Common winter-is-worst sampling
approach usad in Massachusetts VI guidance
(earlier versions used in Mew Hampshirs and Ohio VI guidance)
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State Vapor Intrusion Guidance Documents
ersions of guidance currently available (as of October 2019) and reviewed for this work
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Is Guidance Adapted to Local Climate?

Seven of Eight

US Climate Zones

(niot shown: sub-arctic region
in Alaska; Hawsii in hot-humid
climats zone)
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Scurce: USDOE (Bacchiar of al, 2010}
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+States in ColdVery Cold Regions (Most Guidance Documents)

— Alagka — Sample 61 laast wice ouring the year {Indoor air [IA]) and &t Ieast tWo 53850nE (SUbSIED VEpOr [SV]). Inceesad VI

po‘ErmaJ Whan weemer Isgenﬂg coidar (a5 opposed to balng cold) and potantial worst-casa W1 candifons in Ier summer
Guldance racommends collecting LA samples on the basks of Indcators, fracers, and sumogates.

- omomn Winter'summer 14 Sampiing, Up 13 quansny.

— idaho - EsvmnuurmesmnrgnmremnmesmmyeaPﬂme(a!enymnnglsumnmwnrstcasemlﬁ
g2 o “dulidng depressuzation, lack of bulkding verslation, and frazan ground
— Indiana — Sampie SVA In at keast two distinct seasons: winter haating seasnn{mmmber o Marcn) with minkmum
10-degree dfferential temperature and dry SUMMEr Seasan when significant volgtle organic COmPound mIgration Gan ooour.

— Maine — For “small” shies, & singie S/1A samping event will “usuglly resut In 80% of e VI Intormation about 2 sie”
however, wanm/dry weather (e.g., Maine In August) may limit V1 compared o heating season conditlons.

— Massachusedts — At lsest one ¥ two SV sampling events {two diferent saasons Dast) and muttiple LA sampiing rounds
BCIES several 5eas0ns, INCLAING NS LNder wors-Gasa Gondtions, which are “generaly thought 1o oocur ourng winter”
Al samgke LA “whan tha grounciwater sevtion s figh End cuing 3 low DIEssUmE avent”

— Michigan — Four ko five SV sampling events io assess seesonal variabiity. Consacutively collectsd IA sampiing events over
at leest hree seasons.”

— MInnesota — Collac 5V samples at least 30 0ays EDar, during heating 56350n (NOVEMMber o MArCh) and non-hesting
sagson (Apnl i Octooar).

— Montana — Sampia SWIA during worst-case condions [winter in Montana “when the ground is frozerr) end, I eppropriate,
during e Sea50n Wit shallowsst grouncwater ttie ["Sprng of eery SUmmer, Talny Seasor).

— New Hampshire — SV/1A smping should be conducted dunng the winter i evelugss potantial worst case condtons.
Mutipie avents mey ba neaged 1D cvalusts vanability of SV

— HNew Jersey — Sample LA during e haating saason {Movembar fo Marchj, which genarally ks e worst-case condfilon. For
Lo 1A end SV, a sigle evert may be encugh depending an evallable INgs of evidance.

— New York — Mors than one samging rmund %0 evaliate s8asenal ebacts and bulkding operabion conditions, witn SV and L&
typically collected during haating saason |mic-Novamber o Mar).

— Ohilo — Quertery sampilng may be nesded for VA, With Late wimsriaarly spring most desiabie.

— Pennsylvania— Cailect 3 MINIMU of twa rounds of SWIA at1east 45 days Gpart, win 1A sampling during the heating
Sa@son at & time when difenential raturs ks greaier than 15°F.

— Wiscongin — Sampie SWILA two %0 three tmas, with at least one samping avent in ths wintar,

= States in other regions

— Caiifornia — Conduct &t laast two SV sempling events o evalusts Saasonalty. NUSMUs 1A sempling events may be
neaded, with sampling obtained over at |sest two sees0ns (2 Summeraarty & and late winlereany spnng).

— Hawall - Muttiple SV &nd 1A sampling events genarally needed with Sming &nd frquency depandsnt Lpon seasonal
CHENgES In weatnar and waber tE0ie (drywet 5eas0n) 2nd bulkding HVAC oparetion (for ).

— Kansas — Sampilng frequency depents on ines of svidence. Multipls |4 sampling svents may be necessan

— Naorth Carolina — More than one SVIA round ks racommendad, particularty | inffal semples are collected outslde of winker
OF SUMMEr (When Windaws B/ closed with HVIAG onf: however, HVAC OF {mild WeeTer) may be Worss.

— (Oregon - Target “5aas0nal MEdmUM (Worst-Case) concantrations"; a SV single svent may nat suica (and winter not
nescessanly worst). For LA, conduct two sampling e«emslnleﬁrsumnar\eanylul and late winterearty sping.

— Washington — Al laast one SVI1A samping event duning worst-Cese conditions, which I when buliding |s depressurtzed,
besomtTic pressur ks iling. and dierental SmparEure IS Figh (afen winter heating seesan.

+US EPA (2015 Guidance)
— Sevaral SV and WA 5ampiing rUnds o understand vaneolty.

In many ragionz, 1A sampiling during mereaﬂngseasm .
D JACOBS
due fo steck effects.
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