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Outline: Moving Vapor Intrusion (V) from
Exposure-Assessment Paralysis to Protection

* 1) Introduction & Background
* 2) The Problem
* 3) AProposed Solution

* 4) Implementation — Conceptual

*Vapors are from Groundwater, as the Vapor Forming Chemicals (VFC) were dissolved
in groundwater and then when at the water-table-soil-gas atmosphere interface, volatilized into soil gas



1) Introduction & Background

Goals, Vapor Intrusion & Difference Phase
Makes



1a) RCRA Corrective Action Perspective & Goals

* RCRA Corrective Action/Cleanup permits are
* Not a permit to discharge hazardous waste

e |[tisto take Corrective Actions as needed to

* Protect Human Health & the Environment
* from historical (un-permitted) releases (statutory obligation under HSWA)

* i.e., To Correct/Cleanup or at least Stop the expansion/migration of
e ‘contamination’ from (un-permitted) releases

* Spreading towards/exposing Human &/or Environmental receptors,
* Consistent w/ RFI Guide & e.g., One of our highest priority cleanup progress metrics is:

* Our Environmental Indicators (El for GPRA, since 1999)), including:
* Migration of Groundwater Contamination Under Control ? — (Yes, No, ?)

U.S. EPA framework, Pillar 1: "Clean Air, Land, and Water for Every American,’ reaffirms
the agency's traditional Core Mission to Protect Human Health and the Environment.
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1c) How does VI Occur?

& VI Capture Zone
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Figure 1. Key elements of vapor intrusion pathways.
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[s] Supporting Information

ABSTRACT: Vapor intrusion (VI) pathway assessment and data interpretation have \ i
been guided by an historical conceptual model in which vapors originating from >
contaminated soil or groundwater diffuse upward through soil and are swept into a

building by soil gas flow induced by building underpressurization. Recent studies

reveal that alternative VI pathways involving neighborhood sewers, land drains, and

other major underground piping can also be significant VI contributors, even to I
buildings beyond the delineated footprint of soil and groundwater contamination. ! l‘-
This work illustrates how controlled-pressure-method testing (CPM), soil gas
sampling, and screening-level emissions calculations can be used to identify
significant alternative VI pathways that might go undetected by conventional
sampling under natural conditions at some sites. The combined utility of these tools
is shown through data collected at a long-term study house, where a significant
alternative V1 pathway was discovered and altered so that it could be manipulated to
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1d) RCRA Facil. Invest. (RFI) Guide: #1 “Nature”
of Chlorinated solvents (‘built’ to last)

* & they Do:

* From the 1940s up to today many tonnes of cVOCs were produced
* Some fraction/amount spilled into the subsurface-environment

* Most remains dissolved in GW plumes, &

* Will continue to volatilize into vapors in soil gas for many more
decades ( > our lifetimes)
* They will be vaporizing into soil gas (& indoor air) for a Long Time into the Future*

* Potentially impacting Indoor** Air (I1A) quality & Human Health*

* Unless we do something about that
** & possibly(ground-level outdoor air



1e) What a difference Phase Makes

Dissolved vs. Vapor

* But should it? For example: Toxicology?
* Exact same Listed and/or Characteristic Hazardous constituents™
* e.g., Chlorinated Solvents (cVOCs) e.g., Trichloroethylene (TCE)**
 We’ve v. successfully Protected people from these when Dissolved in Groundwater
* Toxicologically, cVOCs in Vapor phase ~=> Dissolved phase, & only differ in Route & Exposure; & We all:
 Invariably Breathe 10x more than we might drink (e.g., in ug/d units) ~20 m3/d vs. 2 L/d***

* No good reasons for Lower concern / Protection for exposures in Vapor phase

*from 1970s toxicology - & we know much more now
**An example having both Short-term & Chronic exposure effects
***Assuming all liquids are from contaminated supply



[Use of Indoor Air Data for Vapor Intrusion Evaluations, by David J. Folkes, PE, 2006]
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1g) Migration of VI contamination has to include:
Two different ‘environments’ (Natural & Built)

Natural (Subsurface) Environment (Human) Built Environment
~similar to Groundwater ~similar to Air Fans
* Slow - Diffusion * Fast - Advective Sweeping
* Horizontal - ‘Faster’ (Slow) * Horizontal, &
* Vertical — Slower (Slow) * Vertical
* Limited by Natural Laws — complex * Unpredictable, incl. human behavior
but predictable -
* Variability in conc. ~Normal * Variability in conc. ~Log-Normal
distributed distributed
* Bell curve shape Image * Log-normal shape Image
* Seasonal/Qtrly samples ~Good * Seasonal/Qtrly samples NOT Good

Hypothesis — Vast Majority of Variability in vapor conc. (i.e., mixing w/ clean air)
Dilution occurs in Advective Sweeping w/n capture zone of, or w/n Built Environ.o



1h) Overview of the current Problem &
How to meet our Mission with fewer Resources

Many of our Federal and State environmental protection agencies have lost staff
and other resources ...

* That we needed & have used to Protect public health & the environment
* We can’t continue to do everything we have been doing ... &

Regulators appear overburdened by a ‘need’ for Precision of VI Protection
* VI has unlimited complexity, & we’ve been struggling to precisely identify only those bldgs.
needing protection (& as identified by using the fewest indoor air samples possible)
We could Free ourselves from:
* A Challenge we grew to accept (over ~20 yr) & all the efforts needed to precisely only protect
* those bldgs. we have confirmed are unacceptably VI-contaminated (indoor air in
* Built Environ.) on one or more of the few days we happened to have sampled it

Proposal: Verifying Protection in the Natural (not Built) environment

e can be Simpler & more easily Verified by Limited/Available regulatory staff (& Public)
& BTW, Protection the Natural environment can Protect All Bldgs. in the entire community

11



2) The Problem

Exposure Assessment Paralysis
& No cost-effective End in sight



2a) For the Objective: Protection of HH&E
We’ve been Sampling at the Wrong Place & Time

* This type of Sampling can only allow Reaction (not Protection)

. Insert cannister sampling photo

* This photo shows a typical 0.0003 (6/20,000 liter) Sample (for 1 day)

* &itonly allows for possible Reaction (i.e., not Prevention/Protection)
* [f this 1 sample finds a problem —itis likely a Continuous problem

* If one (max.) of four samples finds a problem - it’s a Frequent problem
* Most 1-day (randomly-timed) samples will only ‘capture’ low. Near 0 or ND conc.

* Thus — Exposure point (indoor air) Samples Do Not provide Protection

* Only small chance of possible detection & possible Reduction of Future
(previously on-going) exposures

13



2b) Source of the VI Assessment Paralysis

* ‘Need’ the Assessment (Model or Samples) focused on/within human

Built Environment 2N
* At the Point of (un-avoidable) Exposure in Indoor Air

* As insisted by Industry (‘due to ‘background’ VOCs in ‘our’ products’)
& leading VI experts (1999) & as was agreed to by management (1999)

* |,e., Despite the 1989 RFI Guide warnings of “Inter-media transfer” &
* Calling explicitly for:

* Nature, Extent & Rate of Migration (within Natural Environ. prior to Exposure)
* Like we’ve done for Groundwater & successfully prevented Human Disease & $

* RFl warnings for Vapors Inter-media transfer from the contaminated soils to
Groundwater plumes — (but 7989, they had little data/evidence for vapors)

14



2c) Where are we Now?
Regulators bearing the burden of proving unacceptable VI

* Not just that the pathway is possible/’Real’, (the original request);
* But problem ID in indoor samples, agreed in 2002 & 2015 Guidance

* So (now)in each & EVERY BUILDING

* Otherwise —All Bldgs. Not ‘shown’ w/ |A contaminated are assumed Clean for VI
* Now (& Forever)
* Never look back
 Because why?
* ?Vapor contamination Does Not Migrate or Vary Conc., over Time ?
* Well, even if it does, we are not often/regularly look for or measuring for that
* So wouldn’t see/know it anyway

* i.e., to say, Soil Gas contamination migration is largely, Un-Monitored

« Are we providing Protection, by ~skipping over varying Soil Gas source conc. &
using a few randomly-timed IA grab samples?

15



2d) We’ve Tried Everything (for >25 yrs)

* ...to make indoor air sampling, with a few (GW-like seasonal)
grab indoor air (IA) samples, a cost-effective approach to
assess VI

* But we found - Only long-term Continuous IA sampling
accurately represents how VI exposures actually occur

* So that is what we studied — Long Term Continuous IA sampling
* & How the continuous measurements (‘truth’)

* Compared to the estimates from a few (2-4) grab samples by:
* Typical-convenience/randomly timed- (& variously-located w/n bldg.)
e &
* Tracer- & Indicator-timed-samples (e.g., Radon, Pressure, Temp., Season/calendar)
* Grab (e.g., ~24-hr) & week(s)-long samples

16



2¢e) Overview of Data Slides (in Appendix)

Long term ‘Continuous’ sampling at Sun Devil Manor ~2015
Long term ‘Continuous’ sampling 12 bldgs. Box & Wiskers plots - 2025
% of time to produce 90% of total annual exposure (~5%)

Accuracy of Sampling strategies using (max of 4 samples) typical (~50%)
« Some W/ Indic./Tracer in ‘Soil Gas Safe’ — community participant scientists (w/ Rn)

* 5) Simulation of effect of when Access to indoor sampling is 100% - 10%

Above analyses all conducted by RTI consulting support: Drs. Chris Lutes, Chase
Holton, Andrew Kondash & Loyd (Bo) Stewart

* Combined Effects of Indoor Sampling Accuracy & Access Limitations
* Limiting effectiveness of a typical ‘Step-Out’ approach to delineate VI to (~5%)

17



2f) Result of the Problem: >25 yr later, Vapor Intru.
remains an Obstacle to completing cleanups

* Using Indoor Air for Assessment = Every exposed Bldg. Needs Sampling
* Every bldg. is unique in some way & finding out why takes a PhD/Bldg.

* Thus,

* Anumber of Human Exposures El remain un-completed due to VI
determinations still being unclear/'uncompleted today

* Perhaps more concerning are VI determination that were made years ago,
when we understood even less about VI

* And perhaps most concerning are cases that made VI determinations made
closer to 1999 (when we knew almost nothing about Vi)

* OIG reported on a 2001 Human El determination where community grew
tired of seeing childhood birth defects and cancers, and hired their own VI
consultants, & with Continuous monitoring - showed VI exposures in
neighborhood where they had observed what appeared to be elevated
childhood disease

18



2g) Endicott, NY, Forand etal.,2012

“Results: In the TCE-contaminated area,
adjusted rate ratios (RRs) were significantly
elevated for

LBW [RR =1.36; 95% confidence interval
(C):1.07,1.73; n=176],

small for gestational age (RR =1.23; 95% CI:
1.03, 1.48; n=117),

term LBW (RR =1.68; 95% CI: 1.20, 2.34; n =
cardiac defects (RR =2.15; 95% Cl: 1.27, —-—— P | | Area of deta
3.62; n = 15), and B |
conotruncal defects (RR =4.91; 95% ClI: 1.58,
15.24; n=3).

See this image and copyright information in PMC
Figure 1 The TCE and PCE study areas and the location of the former IBM manufacturi
facility, Village of Endicott, New York (USA).

“In the PCE-contaminated area, RRs for
cardiac defects (five births) were elevated but
Not significantly. Residual socioeconomic
confounding may have contributed to
elevations of LBW outcomes.”

“Conclusions: Maternal residence in both areas* was
associated with cardiac defects. Residence in the TCE
area, but not the PCE area, was associated with LBW and
fetal growth restriction. «

+ Similar Excess CANCERS in Adults Block-wide Mitigation Decisions
*Endicott Disease assoc. w/ location above GW plume, Not necessarily with each Bldgs. Indoor Air sample Conc.



2h) Continuous Monitoring shows Most VI
exposures are due to rare high peak conc.
(at unpredictably episodic times)

* & Low to Non-Detectable conc. are present most of the time

* 12/12 VI study Bldgs. w/ long-term (2 mo. — 2 yr) continuous |A
monitoring show

* Log-Normal distributions of IA conc. due to VI and

* Most of the unacceptable exposure in from (1 to 3) Orders of
Magnitude higher conc. in rare episodic peaks

* ‘Typical’ ‘convenient’/randomly-timed IA grab sampling Under-
Representing Exposure

20



21) Results(a) of >%a Century trying to Assess
Vapors (from GW) in Indoor Air due to VI

* Using a few (one or “more”, e.g., 2to 4) 24-hr indoor air samples

* This has provided some Important; but (2x) limited reduction in
exposures, e.g., Samples:

1) Only Reactive — (Can Not provide Protection)
 Only detectable in IA AFTER unacceptable EXPOSURE has occurred for some time
i.e., after released contamination has been allowed to migrate into human Built
environments (i.e., Not Prevention or Protection of past, only of future exposure)

2) Only Detects Frequent Exposures

* Oneindoor sample can reliably detect unacceptable VI in a bldg. if indoor air is
unacceptable 100% of the time.

* Afew samples, (e.g., the Max. conc. out of 4) indoor air samples, would likely
detect unacceptable VI conc. in a bldg. whose indoor air was frequently
unacceptable (~>50%) of the time (due to the typical Log-Normal distribution of VI
conc. in Built Environ.) = Good work done! But infrequent peaks are more common.

H
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2]) Results(b) of >1/4 Century trying to use Indoor
Air samples to Protect HH&E from Vi,

* In summary,
* Indoor Air samples can not Protect HH from VI exposures

It can’t warn of approaching (future) exposures
It can’t record past exposures
It can ONLY document exposures at the exact time (hours) of sampling

* &
Expensive Continuous IA sampling shows IA exposures are typically

* Short and Intense (OoM higher conc.) Exposures

- &
« Common approaches using a few randomly timed IA samples may commonly only

provides Protection that is the opposite of the 95% goal for Protection we use for these
same chemicals when they are still Dissolved in Groundwater

 i.e., Only 5% probability of detection for some possible future protection from
chemicals in Vapor phase

22



3) A Proposed Solution

Back to Basic Principles
(for Protection)



3a) RFl Guide: “Extent & Rate of Migration” of e.g.,
Chlorinated Volatile Organic Compounds (cVOCs)

 Followed when Dissolved

* Not followed when Vapor phase
* e.g.,
* Extent:

* Site-wide extent of Vapor in conc. of concern (i.e., contamination) in soil
gasis ‘commonly’ measured one, or two, times* some years ago

* Rate of Migration:

* Typically, too few measurements are repeated to report even the
Direction, or Rate, of Migration of vapor contamination in soil gas*

*Personal opinion, without recent personal field experience, or access to such personnel
24



3b) For Protection of HH&E: We Need Monitoring* of
Vapor Migration prior to Exposure**

* We’ve NOT been Sampling enough at the Correct Place & Time
* To provide Protection from vapor exposures

 Environ. Protection:
in GW

by Sampling

Map of Wellhead
Protection Area (WPA

v 4 P 9 '»-'J
3 ‘
& 4 n
- e \ "
- > - 15 NN
ere SR S | N
A
" :'7‘"

*More than one-time Sampling, On-going/over time for as long as contamination remains
**py vapor migration Controls, as needed, to maintain a ‘clean/safe’ buffer zone/distance

25



3c) We should be following RFI Guidelines:
“Nature, Extent & Rate of Migration” for all phases

* RFl has provided Simple & Verifiable Protection for Dissolved
phase; & could also for chemicals in their Vapor-phase, e.g.,:

* Our Human Exposure El for GW have been made easy by seeing
if Migration of GW contam. is ‘Under Control’, i.e., stopped with a
clean buffer before the Capture Zone of Built Environ. water wells,

* [fso Human Exposures, Under Control=YES (easy decision®)

* Our Human Exposure El for VIl could be made as easy by seeing if
Migration of vapor contam. is ‘Under Control), i.e., stopped with a
clean buffer before the Capture Zone of Built Environ. & indoor air,

* I[f so Human Exposures,, Under Control = YES (easy decision®)

*’Easily’** Repeatedly verifiable in Natural Environ. & Convincingly communicable to Public as Protection
**Relative to indoor air sampling 26



4) Implementation

Phased-In Realistically”

*Conceptual approach with estimated numerical
values without input of recent field experienced
expert review or input.

27



4a) To End our Exposure-Assessment
Paralysis for the VI, exposure pathway

* We could Propose an Edit/Update to our 1999 Interim-Final El
guidance:

* Migration of Groundwater Contamination (Under Control) El
* Toinclude Vapor-phase Contamination

» & Make Prevention of vapor Exposures, i.e., Protection more:
* Simply & Verifiable

* i.e., Similar to how we have successfully managed exposures to
Dissolved-phase contamination (in Groundwater) by Stopping
Migration Prior to being Swept into a Capture Zone of Built Env.

* Proposed edited Title:
* Migration of Contaminated Groundwater & Soil Gas (Under Control) El

28



4b) Proposed Implementation

* Using a Worst-First priority-based schedule gradually transition GW
Migration El determination to include vaporVI assessments

* In a way that more closely follows the successful approaches used for
these same toxins when they were still in a Dissolved phase; in Summary

* |nvestigation/Assessment = (in) Nature (Not in Built Environ.)
* Extent & Rate of Migration

* Monitor the Migration of all phases of Contamination (incl. vapor) in Natural Environ.
* (Not after Entry & ~unpredictable in Built environ., at exposure point)

* Modified to accommodate higher-mobility of vapor-phase sweeping, e.g.,

* Note ‘New’* Need to consider Conc. Gradient (conc. at a distance) not
just that conc. nearest the Built environ, As more distance conc. may be
Possibly Swept Into Built Environments at tlmes (depending on the
specific mix of factors aligning for VI ‘turned on’ (high) sweeping scenarios)

*New to me, but seems conceptually appropriate and necessary to ensure effective protection

from varying advective sweeping forces over time (‘reaching out’ varying distances) 29



4c) Conceptual Schedule ... ~5 years
Implementation Plan — To Proceed*

* Year 1 — Prevent Soil Gas contamination** >1,000x RSL @ <3000’
* Year 2 - Control soil gas contamination™* >333x RSL @ <1000’
* Year 3 — Control soil gas contamination™* >100x RSL @ <300’

* Year 4 — Control soil gas contamination™* >33x RSL @ <100’
* Year 5 — Control soil gas contamination** >10x RSL @ <30’
* Year 6 — Control soil gas contamination™* >3x RSL @ <10’
* Year 7 — Control soil gas contamination™* jfNeeded>1x RSL @ <3’

*To as Low _x as needed (until verified protection by continuous indoor monitoring in rotating volunteer bldgs./local)
**Keep >__ft from advective-sweeping/capture zone of occupied bldgs. (incl. conduits) for ~Quarterly SG samples

30



Summary, GW-VI has been proven a Complete Pathway
for unacceptable Exposures (GW-vapors) for ~25 yrs

* Via evidence from:

* Indoor Air (inhalation exposure point) conc. from ‘typical’ few Samples
* |n ~Every state &

* Health Effects (Statistical assoc. (< 5% probability’ due to chance))
* e.g., Endicott, NY* etc.

* This Exceeds the
* 1999 Industry/Gov. Needed ‘Proof’ of a GW-VI Pathway

Why are we still stuck inside the Indoor (Air) human-Built Environment ?

This is Where most of the unpredictable Variation occurs (unpredictable humans)
& also Why traditional ‘environmental’ sampling Doesn’t represent I1A exposure well

*Endicott Disease assoc. w/ location above GW plume, Not necessarily with each Bldgs. Indoor Air sample Conc.

31



Some Closing thoughts:
Out of Sight ...

* May be more commonly ‘Out of Mind’,
* Butis Not

* ‘Out’ of Biological Impacts

* Water is more visible than Vapor,
* But Vapors are the Contamination

* (that was a dilute solute Dissolved in Groundwater)
* That can be equally, or more,

* Impactful to Human Health, if exposed as vapors
* Groundwater remediation cannot ‘forget’ toxins ‘lost’ in Soil Gas
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Vs IS @ missed opportunity for Remediation
of GW contamination (w/ VFCs)

* Vapor contamination that vaporizes from a dissolved phase within a Groundwater
contaminant plume &

* Could Intrude into indoor air of overlying Buildings is:

* |s Not part of MNA Remedy; because itis NOT:
* Monitored - Typically, more than 1-2 times, i.e., cVOC ‘loss’ is largely Un-monitored/recorded
* Natural — As most of the mixing (with clean air) is within the Built Environ. (Un-natural) mixing
* Attenuation —Since cVOCs are unlikely to ‘break-down’ & its mixing is ~called Dilution (Solution?)

* Remedy for GW w/ cVOCs should address (not forget) cVOCs that volatilize, they are:

* Itis From & Part of the groundwater contamination problem
e &

* Vapor ‘lost’ from GW should be addressed as part of groundwater remediation

* GW remediation that left many water supply wells un-protected/un-assessed &/or with under-
estimated exposures to dissolved cVOCs would NOT be considered a success

* It Would NOT be considered an (adequate) remediation of the VFC contamination (that was) in GW

33



We May Not Need to Extract Vapor Continuously (e.g., deep GW), as Diffusion is
often Slow & Pulsed Pumping can draw vapors down for Months of Protection

(Ca ptlon soil gas extractio to GAC treatment
below by H. \ - :FD. ,
' | l
Schuver) Vapor Capture Zones l CleanAir |
\ l l | / Flushing several soil gas
[Dr. Stewart pore volumes suppresses
tested this + (,;:jj\ * , thevapor plume,
----- T e —

1 - I:‘I_—kl 1 \;I = —lf I -‘\\-—: I - ! TEMPORARILY
Dissolved Plume

with mobile
solar powered

SVE pumps
on trailer &
using existing , , ,
monitoring
wells & i ’ I Sgntinel propes I o o

trigger flushing - Periodic monitoring of
removed -events sentinel probes until a
more lbs. of | threshold concentration is
TCE than GW A TSR S S S S ; " A 4 detected; triggers a flushing
pumping Dissolved Plume event
wells at toe
of GW

plume] Slide by Dr. Bo L. Stewart



QUESTIONS?

* Thank You



Appendix ‘Data’ Slides



Overview of Data Slides (in Appendix)

Long term ‘Continuous’ sampling at Sun Devil Manor ~2015
Long term ‘Continuous’ sampling 12 bldgs. Box & Wiskers plots - 2025
% of time to produce 90% of total annual exposure (avg. ~5%)

Accuracy of Sampling strategies using (max of 4 samples) typical (~50%)
« Some W/ Indic./Tracer in ‘Soil Gas Safe’ — community participant scientists (w/ Rn)

* 5) Simulation of effect of when Access to indoor sampling is 100% - 10%

Above analyses all conducted by RTI consulting support: Drs. Chris Lutes, Chase
Holton, Andrew Kondash & Loyd (Bo) Stewart

* Combined Effects of Indoor Sampling Accuracy & Access Limitations
* Limiting effectiveness of a typical ‘Step-Out’ approach to delineate VI to (~5%)
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First long-term continuous indoor air sampling results
2 Years of ~Continuous Monitoring; Ref. Holten ... used by RTl in our analyses/papers

S-1
O ) O O
Sun Devil Manor, Layton Utah, Daily Data Exposure Curve
Date range: 2010-08-15 to 2012-08-21 2 673
Sample Count: 603 ug/m3 =
Fraction ——— 100 %, 289 ~98th%sile
of Freq. \ —~
0.8
Data(& | 7 -80 %, 231 Y § 5\5/(:/:;
Time for 50% of tort Observed distribution v Q X .
equal 06 E ' from full dataset = %E RME-'S
timed > xpoiure -== mean [0.479] - 60 %, 173 ﬁ Ry missing
samples) O§ ~ == median [0.075] 93 50 >50% of
w/~85% | S 04 —==- 90th percentile [1.035] ) e Long-
of time = --- 95th percentile [1.904] [40% 115 3£ 2 Term
with ~~0 T 235 S Average
conc. & 0.2 . —— Cumulative Exposure L 50 % 58 "“E E exposure
. T e 50% exposure [2.673] o T a mass
~~() total :
exposure :
0.0 + T | 0 '3”0, 0
0 2 4 6 8 10 12
TCE ug/m?
O 7 O @) 38
50% of total exposure from 3.5% of the time/samples w/ conc. >2.673 ug/m3 = 98th%ile



Temporal Variability At Multiple Sites Conc. in Indoor Air DISTRIBUTIONS

1000 25%ile of Distribution (RME)

- G .
xWean | || Totals: 7 Sites, 8 Buildings i Ques.: Could you
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Often >75% of the samples contribute less than half (50%) of the sum Total exposure (<25% samples >50% of Expo.)



Indoor PCE or TCE Concentration [ug/m?3]

Indoor Air PCE or TCE Concentration Distribution Over Full Monitoring Period at Select
Vapor Intrusion Sites; with Estimate of 90% of Exposure for Each Study

100 100
Note: ® 90% of Exposure
(1) Data source: RTl database, residential (Res) and commercial (Com) building types with continuous monitoring indoor air
concentration data available (dT =6 h) —Res_TCE_SDM
2)_ “% of Monijtoring Period” represents the fraction of the time concentrations were > the value on the Y-axis ——Res PCE Indv422b
hf you added up allthe highest conc. exposure (days) what percent —Ene
o . . —Res_PCE_Indy422f
of the total monitoring period (TIME) does it take to get 90% of the —En
10 10 —Res TCE_SFb

total Exposure from over the entire monitoring period?

/ — L

Answer = <<10% of Time (~6 ~6%, ~6 ~1-2%
12/12 ~ Typical ? 2
1 ’

—Res_TCE_SF1
—Com_TCE_VA2602
—Com_TCE_VA2608
1 —Com_TCE_VA2611
—Com_PCE_FBCb
—Com_PCE_FBCf
—Com_TCE_FBCb
—Com_TCE_FBCf

0.1 0.1
: 5 out of 5 Residences
= 7 out of 7 Commercial zones
001 r— 0 "7~~~ r- D0+ —Tr0rr T rrOr T T T T T T T T 1 : — T T 1 T T T T T T 001
100% 90% 80% 70% 60% 50% 40% 30%:: 20% 10% = 0%

Time % of Monitoring Period

: Received 90% of:their total exposure
: In only ~1% to ~6% (<<10%) of Time monitored



Testing Effectiveness of Current Indoor Sampling

In One-bldg. studies (No Spatial variability), i.e., Only Temporal variability
with & w/o continuous Indicators & Tracers (1&T) guiding IA sampling

fimaocoe
(S IR AYAS )

» Ranking Effectiveness of different Sample Scheduling strategies’
Goals of sampling = 90™ %ile dist. 50t%ile of total expo.3
‘Accuracy’ Using single Max. conc. # from 4 samples? Short-term Long-term Summary
* Low radon (Rn), Tracer, Do NOT sample Now 19% 32% Lowest?
. 5
Random [commonly used method] Flip of a Coin 50% 35% 48% Low
 Seasonal (ONLY winter/heating) — ‘wait for it’ 67% 84% Better
* |&T (Rn) guided times (any season) —— ~__65% 86% Better
 |&T (Rn) guided and (ONLY in winter/heating)® 89% 98% Best

TRanking simplified ~results of sampling in 12 bldgs./zones in Fig. 2 & 3 Lutes et al. (Sample Scheduling ...) subm. for pub.
2Using max. not in explicit in most guidance (but RAGS), typically too few samples to calculate 95UCL, so common?
3Used in instead of 95UCL of Mean in our study, since better for VI, but Not in guidance, so how common?

4Two-edged sword — un-RP could use to avoid detection of VI (recommend occupants be aware of/monitor their bldg. Rn)

5Majority of cases provides mis-information reporting ‘all safe’ when they are Not
5P Due to longer pathway from source of VOC needing sustained period of high intrusion relative to nearby Rn Can do better w/ ITS-timed
41



Using Typical Indoor Air Samples To Determine
if there is a VI problem (has Some Concerns)

#1) VI Problem is Only found if indoor air sampling ‘catches’ unacceptable

indoor conc.
* Although IA conc. are highly variable (up to 2-3 OoM over a few days Time) & across Space*

* The ~best** few typical random/calendar-timed short-term indoor air sampling
methods are only ~50% ACCURATE at finding a problem, when it is present, so
~flip of a coin, but Much more time & money is ‘needed’/consumed

* [& could be considered essentially ‘wasted’]

#2) Often we can’t get ACCESS indoors to sample indoor air

* Currently commonly only 10% to ~33% bldgs. occupants will choose to find the
time & desire to allow indoor access for sampling that could find their bldgs.
impacted & potentially devalued and/or stigmatized relative to other/neighbors
who did Not allow Sampling (Social issues Control sampling; indoors)***

*Johnson et al., 2016 (https://apps.dtic.mil/sti/tr/pdf/AD1029643.pdf)
**Take 4 samples, ignore the lowest three conc., Only use the Max. conc. observed to judge exposures. REF?

***For Groundwater contamination (that is still dissolved) we simply look for the extent of contamination
relative to the well intake (capture zone, or wellhead protection area) to know if exposure is prevented ? ’?’?’?



Percent of Problematic Structures Correctly ldentified:

Combined #1) Sample performance & #2) the amount of Access
100% Access

Percent of Problematic Structures Correctly Identified:
Neighborhood of 100 Structures with 100% Access
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Key Point: If we judge performance as % problematic structures correctly identified, then the underlying

prevalence is controlled for, and in Summary, the Overall Performance is PRIMARILY limited by ACCESS, and
secondarily by Sampling strategy performance.
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Combined Effects of INDOOR
Sampling Accuracy & Access Limitations

#3) If a problem was found, would need to ‘step out’ to find the extent/
‘clean’ edge to the problem

* But
* Given only ~50% sampling accuracy / bldg.
e &
* 10%™* access to surrounding bldgs., [0.5x 0.1 ~=0.05~Confidence level of Assess.]

* So only ~5% probability of accessing & detecting another nearby bldg.’s indoor air unacceptable

* |t could quickly, Appear as if you had Found a ‘Clean’ Edge/Defining the Problem,
* Via single or multiple-bldg. ‘False Negative’ determinations

* Leaving the vast majority (up to >95%) of site exposures un-Known/mis characterized**

*For example,

**& Will remain unknown, since On-going indoor air and/or soil gas monitoring is NOT typical »



How much longer Can We continue to act like
we don’t know what this evidence means?

* For Example, in:

* Comparison to the expect Confidence in Protection when these same
chemical are Dissolved (e.g., in Groundwater) [What Diff. Phase Makes]

* Typically expected confidence level of protection from exposure to hazardous
contamination in groundwater is 95% so that there is only a1in 20 change
unacceptable exposures would be missed by assessment methods.

* We just saw how typical VI assessments and Access levels could provide only
~50% to full access & if imited Access) to ~5% confidence in detection of
unacceptable VI exposures

* That 5% is the inverse of that for GW, & for vapor there can be 19/20 chance of
Missing unacceptable VI exposures

& for VI, Now = Forever; since typically there are ‘no’ provisions to revisit/resample
bldgs. after (a few grab samples) screened them out of concern for VI (~forever)
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Some Vapor Intrusion Guidance & References

* Nazaroff etal. ~1985

 USEPA 1985 TECHNICAL GUIDANCE FOR CORRECTIVE MEASURES - SUBSURFACE GAS
 USEPA 1989 RFI Guidance

* USEPA Air/Superfund 1993, Developing and Evaluating Mitigation Strategies for Indoor Air Impacts
* MaDEP Fitz?paper ~1998

 Colo. DPH&E CDOT 11-DCE acknowledgement of subsurface source (not background)
 USEPA 2001 (for RCRA Environmental Indicators (JE Model based))

« USEPA 2002 OSWER (Observed Attenuation Factors)

* Interstate Technology and Regulatory Council (ITRC). 2007, 2014, 2026

 USEPA Region 9, 2014

 USEPA 2015 OLEM (EPA’s latest guidance document)

* Wisconsin Department of Natural Resources (WDNR). 2018

* New Jersey Department of Environmental Protection (NJDEP). 2018, 2021

 US EPA Region 5 Handbook, 2020

* California Department of Toxic Substances Control (Calif. DTSC) and California Water Resources Control
Boards (Calif. WRCB). 2023

 USEPA (RCRA) VI Workshop slides & audio 2005 — 2026 available at RTI (https://iavi.rti.org/workshops.html)
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