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* Introduction Slide
« When vapor intrusion investigation requires indoor air sampling, consideration of
potential background sources is critical to avoid false conclusions regarding

vapor intrusion impacts on indoor air quality
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Presentation Objectives

Provide RPM with tools to identify background impacts to
indoor air quality during VI pathway assessment

GOAL:

 How background sources of VOCs can complicate VI pathway
evaluation

m * When background sources are important
* Typical investigation methods and
Typical exploratory data analysis tools used
Methods to understand impact of background

sources on indoor air (IA) quality

Advanced .
Methods When and how to use advanced methods

2 RITS Spring 2011: Identifying Background Sources at VI Sites

» Background sources of VOCs complicate the VI pathway evaluation because
they are very common in ambient (e.g., industrial and vehicle emissions) and
indoor air (e.g., consumer and industrial products), often at concentrations that
exceed risk-based screening levels.

» Consideration of background sources is always important when indoor air
sampling is included as part of the VI investigation.

* In a majority of cases (~80%) typical sampling methods (e.g., summa canisters)
provides sufficient data to understand background sources using exploratory data
analysis tools that we will present in this presentation and are also included in the
VI Assessment Toolkit that was presented this morning.

* When the data is inconclusive, advanced methods should be considered (e.g.,
real-time data collection).

RITS Spring 2011: Identifying Background
Sources at VI Sites



Presentation Overview

[> Introduction ]
« Steps Leading to Background VI Evaluation

* Indoor Air Testing (Typical Program)

* Exploratory Data Analysis
- Primary Lines of Evidence
— Additional Lines of Evidence

* Forensic Methods and Multivariate Analyses
* Case Studies

* Summary

3 RITS Spring 2011: Identifying Background Sources at VI Sites
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Definition of Vapor Intrusion (VI)

Effect on
indoor air
quality?

Vapors in
subsurface

GW source
area

The migration of volatile chemicals from the subsurface into
overlying buildings (USEPA, 2002)

4 Introduction RITS Spring 2011: Identifying Background Sources at VI Sites

» Vapor intrusion is a potential exposure pathway that is still relatively new but is
increasingly becoming a pathway of concern among stakeholders.

* Understanding of and evaluation methods for VI are still evolving.

RITS Spring 2011: Identifying Background
Sources at VI Sites



Potential Sources of VOCs in Indoor Air

: ~
| Foundation Crack ‘
Subsurface Vapors

(34 Due to numerous potential sources, determining the

OPERATIONS STORAGE
AREA e AREA
OFFICE = 7 ez Ambient

ir ~1—*
Air A

POINT:  specific source of indoor air impacts is challenging

5 Introduction RITS Spring 2011: Identifying Background Sources at VI Sites

» VOC impacts to indoor air quality can come from a number of different sources
as shown on the slide, greatly complicating interpretation of indoor air
concentration results.

RITS Spring 2011: Identifying Background
Sources at VI Sites



VI Guidance Documents: Navy, DoD

» Navy VI Policy (2008)

* DoD Vapor Intrusion Handbook (DoD, 2009)
>> Primary Guide for VI Assessment at Navy (DoD) Sites

* Navy Vapor Intrusion Assessment Tool (password protected during
beta testing, Beta Tester POC for each FEC will be identified)

* Guidance for Environmental Background Analysis (NAVFAC, 2010)

>> Primary Navy Guide for Evaluating Background (Focus of This Presentation!)

* Vapor Intrusion Web Site

* Review of Best Practices, Knowledge and Data Gaps, and Research
Opportunities of the U.S. Department of Navy Vapor Intrusion Focus
Areas. (DON, 2009)

6 Introduction RITS Spring 2011: Identifying Background Sources at VI Sites

» Slide designed as a resource from this presentation for information regarding
Navy’s policy on vapor intrusion.

* Note the background guidance that is the focus of this presentation.

RITS Spring 2011: Identifying Background
Sources at VI Sites



VI Guidance Documents: USEPA, State, Other

* Vapor Intrusion Pathway: A Practical Guideline (ITRC, 2007)

+ OSWER Draft Guidance For Evaluating the Vapor Intrusion
to Indoor Air Pathway from Groundwater and Soils (US
EPA, 2002): To be updated in 2012

« State VI Guidance

OSWER = Office of Solid Waste and Emergency Response
;

RITS Spring 2011: Identifying Background Sources at VI Sites

» Slide designed as a resource from this presentation for information regarding
USEPA and State vapor intrusion guidance.

* Note that USEPA will issue an update to the 2002 draft guidance and EPA has
indicated that there will be more emphasis on sampling of indoor air vs. soil gas
and groundwater screening.

RITS Spring 2011: Identifying Background
Sources at VI Sites



Review of Typical VI Pathway Considerations

; + COPCs sufficiently volatile and toxic to be
Chemicals Vi conear DoD Vapor InTausion
+ COPCs detected in soil or groundwater “close” ST
to building (typically 30 ft to 100 ft)

+ COPC concentrations in groundwater, soil,
and/or soil gas suggest potential vapor intrusion fob et
concern (see Navy VI Assessment Tool)

JANUARY 2009

Subsurface
Concentrations

* Risk-based screening levels
+ Background sources of VOCs

Building
WERGEWTI M >> Focus of this presentation!!

>> Background consideration essential when
sampling indoors

8 Introduction RITS Spring 2011: Identifying Background Sources at VI Sites

* Initial screening for chemicals of concern and receptors, based on the site
conceptual model (e.g., soil and groundwater data), should be completed prior to
sampling indoor air. Not discussed in this presentation but note DoD VI
handbook and Navy VI Assessment Tool.

» Once a building investigation is determined to be necessary, consideration of
background sources is essential for a successful investigation and evaluation.

RITS Spring 2011: Identifying Background
Sources at VI Sites



Introduction of Navy Background Guide

+ Background Series

R4 NA/FAC
- VOl. ": Sediment Naval Facilties Engineering Command

~ Vol. l: Groundwater e

- Vol. IV: Vapor Intrusion Uns tGuide;
* Interim Final due to changing nature tnterim Final
of VI assessment/evaluation Guidance for Environmental
Background Analysis
approaChes by EPAIStates Volume IV: Vapor Intrusion Pathway

Prepared by

+ Assist RPMs in meeting Navy

Why Should Back.ground Policy requn_'eme|_1ts. April 2011 | |
RPMs Care? B Provides RPMs tools for identifying Ao o publc s, dsutionis e
’ background during VIl assessment

* Includes Practical Tips Boxes with
key info that RPMs need to know

9 Introduction RITS Spring 2011: Identifying Background Sources at VI Sites

« Introduce the Navy Background Guidance, 4™ in a series on evaluation of
background.

RITS Spring 2011: Identifying Background
Sources at VI Sites



Where Background Fits into VI Assessment Process

Develop conceptual
site model

This may include indoor air
sampling which would require
consideration of potential
background sources and a
background analysis (See
Figure 1-3)

3

Conduct site-specific
evaluation

F 3

Conduct rapid response
action

“This may include indoor air
sampling which would require
consideration of potential

a

Figure 1-3)

Conduct site-specific
evaluation

lor
remediation

Figure 1-2 (NAVFAC, 2010): Modified from DoD VI Handbook Figure 2-1.

RITS Spring 2011: Identifying Background Sources at VI Sites

10 Introduction

Flow chart modified from the DoD VI handbook shows where consideration of
background fits within the VI assessment process.

* When conducting a site-specific evaluation, that may include indoor air sampling,
consideration of background becomes an important element of the assessment

process moving forward.

RITS Spring 2011: Identifying Background
Sources at VI Sites



Navy VI Background Analysis Process

= Vapor Intrusion Pathway Background Analysis:
Building Multiple Lines of Evidence

Evaluate Need for Vapor Intrusion Background Indoor Air Evaluation (Section 2)
Update Conceplual Site Model

o KEY STEPS:

Analysis 2 < going to be collected as part of 3
Not Necessary site-specific evaluation?

See Fig 1-2)
* Plan!
‘Conduct Planning for Vapor Intrusion Background Indoor Air Evaluation (Section 2)
* Collect Data
Conduct Indoor and Outdoor Air Eximplingz

Update Conceptual Site Model
¥ .
* Exploratory Data Anal
Complete Site-specific Background Indoor Air X p orato dta Analysis
Exploratory Data Analysis (Section 3)
Measured and Published Backgraund Cancentraticn Comparisons
Constituent Ratio Comparisons.

o e s B S » Strength of Evidence
* Advanced Methods (if needed)

* Document Results and
Findings

Background

Environmental Confirmatary
Forensic Method (Section 4) Multivariate Statistical
idoutilylDiata Heods Comparisons (Section 5)
Forensic Method TO-15 Analysis* 5
& R Identify Data Needs!

Figure 1-3 (NAVFAC, 2010)

4

11 Introduction RITS Spring 2011: Identifying Background Sources at VI Sites

* VI Background Analysis Process from the Background Guide
» Walk through each of the key steps

RITS Spring 2011: Identifying Background
Sources at VI Sites



Guidance Documents and Literature on Indoor Air
Background: Navy, USEPA, State, Literature

N * Guidance for Environmental Background Analysis Volume IV:
Guiz‘z?lfme Vapor Intrusion Pathway (This presentation)

» USEPA: Background Indoor Air Concentration of
Volatile Organic Compounds in North American
Residence: A compilation of Statistics and
Implication for Vapor Intrusion: Peer Review
Draft released in June 2009.

Other
Guidance and

Literature

12 Introduction RITS Spring 2011: Identifying Background Sources at VI Sites

» Resource slide regarding background sources, note that most guidance
documents from ITRC, EPA, States all take into account the importance of the
consideration of background sources of VOC impacts to indoor air quality.

RITS Spring 2011: Identifying Background
Sources at VI Sites
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Presentation Overview

* Introduction

[> Steps Leading to Background VI Evaluation ]

* Exploratory Data Analysis
- Primary Lines of Evidence
— Additional Lines of Evidence

« Case Studies

* Summary

* Indoor Air Testing (Typical Program)

* Forensic Methods and Multivariate Analyses

RITS Spring 2011: Identifying Background Sources at VI Sites

RITS Spring 2011: Identifying Background
Sources at VI Sites
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Steps Leading to Background VI Evaluation

* Project Team (vavrac, 2010; Section 2.1.1)
* Conceptual Site Model (vavrac, 2010; section 2.1.2)

* Background Sources of VOCs (vavrac, 2010; Section 3.4)

14 Steps Leading to Background VI Evaluation RITS Spring 2011: Identifying Background Sources at VI Sites

 Introduction slide with the concepts to be presented in this section of the

presentation and the corresponding Section of the NAVFAC Background VI

Guidance.

RITS Spring 2011:
Sources at VI Sites

Identifying Background

14



Steps Leading to Background VI Evaluation:
Project Team

Industrial

Hyaieni
ygienists Building Experts/

Statisticians Mechanical Engineers

/Rer—ne:ial

Chemists Project Geologists/Hydrogeologists
Manager

Base Personnel/ Toxicologists/

Commanders - Risk Assessors
Risk

Communicators

KEY Project Team should be assembled early and
POINT:  requires unique expertise

15 Steps Leading to Background VI Evaluation RITS Spring 2011: Identifying Background Sources at VI Sites

» The proper project team leads to ultimate success.

» Make sure that you have all the tools you will need to build the vapor intrusion
story.

» Some team members, such as Industrial Hygienists and Building Experts, are
likely not part of a normal project team.

RITS Spring 2011: Identifying Background
Sources at VI Sites



Steps Leading to Background VI Evaluation:
Conceptual Site Model (CMS)

BACKGROUND OUTDOOR AIR HDEISTRIAL ONOFF BASE

RESIDENCES

1 eoUTDOOR [, eINDOOR =
AIR SAMPLE +—* AIR SAMPLE @INDOOR +1~" e 0UTDOOR
AR SAMPLE AR SAMPLE
INDOOR PRODUCT INDOOR PRODUCT
SOIL GAS |SUBSLAB  STORAGE AND USE - STORAGE AND USE SOILGAS
PROBE | PROBE? | & by 7 PROBE

Ll
©INDOOR BASEMENT g)pq) g l
AIR SAMPLE s PR(I)BE

Vivi
SR

ADVECTION

i

VADOSE ZONE ADVECTION Ly o

SPILL SOIL GAS
CONTAMINATION

CAPILLARY FRINGE CONTAMINATION

o
DIFFUSION

i
CAPILLARY FRINGE Y WATER TABLE

1 T

DISSOLVED GROUNDWATER
CONTAMINATION

Conceptual Site Model (CSM) should include:
KEY » COCs for VI * Preferential migration pathways

POINT: .+ Receptor buildings + Background sources
+ Applicable screening criteria (GW, SG, IA)

COCs = Chemicals of Concern; VI = Vapor Intrusion; SG = Soil Gas; |A = Indoor Air

16 Steps Leading to Background VI Evaluation RITS Spring 2011: Identifying Background Sources at VI Sites

» Use existing knowledge of the site from standard investigation data/information to
develop a preliminary vapor intrusion conceptual model for use in design of vapor
intrusion investigation.

» Preferential migration pathways may include, sewer lines, sumps, dry wells,
elevator pits, etc.

* Begin to consider the potential indoor sources based on building use and location
(i.e., proximity to ambient sources).

RITS Spring 2011: Identifying Background
Sources at VI Sites



Background Sources of VOCs: Ambient and Indoor

Key Sources of VOCs in Indoor Air

* Ambient air

* Vehicles, gasoline
« Paints, adhesives
* Cleaning agents

* Insecticides

*» Tobacco smoke

» Cosmetics, etc.

* USEPA, 1991, “Building Air Quality Guide”

REFERENCES:

* OSHA, 1999, “Tech Manual for Indoor Air Inv.”

17 Steps Leading to Background VI Evaluation RITS Spring 2011: Identifying Background Sources at VI Sites

* Indoor sources of the same VOCs potentially associated with vapor intrusion
from subsurface sources are commonly present in structures.

» The presence of these VOCs from background sources complicates the
evaluation of the vapor intrusion.

* Itis critical to recognize the potential contributions to indoor air quality from
background sources when planning for a vapor intrusion investigation and
evaluating results.

RITS Spring 2011: Identifying Background
Sources at VI Sites

17



Indoor Sources of VOCs: Chlorinated VOCs

Gun Cleaner: Pepp$er Spray: Hobby Glue: Bleach Cleaner: Plastic:
3.99

$19.95 $4.95 $3.95 $4.95
>90% TCE >90% TCE >90% PCE Carbon Tet. 1,1-DCE 1,2-DCA

KEY TCE, PCE, etc., are legal and are still used in a wide range

POINT:  of consumer products currently available for purchase

PCE = Tetrachloroethene; TCE = Trichloroethene; 1,1-DCE = 1,1-Dichloroethene; 1,2-DCA = 1,2-Dichloroethane

18 Steps Leading to Background VI Evaluation RITS Spring 2011: Identifying Background Sources at VI Sites

* VOCs not always listed on product label (e.g., pepper spray, TCE is the carrier
solvent used to dissolve the pepper).

» Carbon Tetrachloride and 1,1-DCE are a results of a reaction with the bleach
while in the container, relatively low concentrations but may still be detectable.

* Increase in the occurrence (both in concentration and frequency) of 1,1-DCA in
indoor air since early 2000’s due to manufacturing of molded plastics in China.

RITS Spring 2011: Identifying Background
Sources at VI Sites

18



Indoor Sources of VOCs: Petroleum VOCs

* BTEX, n-alkanes, n-alkenes, branched alkanes, cycloalkanes

Cigarette Smoke » BTEX, n-alkanes, n-alkenes, isoprene

Petroleum-Based * BTEX, n-alkanes
Cleaners * xylenes, ethyl benzene

« n-alkanes, branched alkanes, BTEX

Lubricant Spray * Long chain n-alkanes

KEY Different petroleum sources can exhibit distinct

POINT:  hydrocarbon fingerprints

BTEX = benzene, toluene, ethylbenzene, and xylenes

19 Steps Leading to Background VI Evaluation RITS Spring 2011: Identifying Background Sources at VI Sites

* Many potential background sources of petroleum VOCs.

» The distinct hydrocarbon fingerprint of certain known indoor sources can be used
to distinguish between indoor source and vapor intrusion.

RITS Spring 2011: Identifying Background
Sources at VI Sites



Indoor Sources of VOCs: Naphthalene

* Industrial
Combustion * Cigarette Smoke
* Vehicle Emissions

* Deodorizers
Off-Gassing * Repellents (e.g., moth balls)
* Fumigants

* Phthalic Anhydride (used in production of plasticizers)
+ Surfactants
* Pesticides

Chemical Production
Intermediate

BTEX = benzene, toluene, ethylbenzene, and xylenes

20 Steps Leading to Background VI Evaluation RITS Spring 2011: Identifying Background Sources at VI Sites

RITS Spring 2011: Identifying Background
Sources at VI Sites
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Indoor Air Sampling:
Importance of Background

When is background a concern for the VI pathway? ALWAYS!

BENZENE PCE L CLT

1 Ambient
Indoor i 90h %
90t %
Ambient ! — [ —
blent Median

90t %

1] 10" %
Median
10t %

o % INDOOR LIMIT?
. INDOOR AIR LIMIT "

T
=
=
(=}
1

w0

0 x
28
s

oo
=

[=]
o
]

14

Concentration (pg/m3)

Screening * Identify COCs for VI based on results of VI pathway screening steps
Proces. S,g * For these Vl-specific COCs, compare indoor air RBSLs to typical
*  indoor and outdoor background (e.g., Dawson and McAlary, 2009)

COCs = Chemicals of Concern; RBSL = Risk-Based Screening Level; VI = Vapor Intrusion
21 Steps Leading to Background VI Evaluation RITS Spring 2011: Identifying Background Sources at VI Sites

* When is background a concern for VI pathway? Always!

» Want to know ahead of time the magnitude of potential background issues prior
to sampling indoors.

* For many VOCs common background concentrations exceed the RBSLs, for
these COCs proper consideration of background sources and collection of
sufficient data to evaluate the multiple lines of evidence is critical to avoid false
conclusions regarding vapor intrusion

RITS Spring 2011: Identifying Background
Sources at VI Sites



Indoor Air Sampling:
Importance of Background (cont.)

Likelihood of background issues for common VOCs

HIGHER Benzene 1,2-DCA (EDC) Naphthalene

Ethylbenzene  Carbon Tetrachloride Chloroform

PCE
TCE trans-1,2-DCE
toluene xylenes 1,1,1-TCA
LOWER 1,1-DCE cis-1,2-DCE Vinyl chloride MTBE

Key Background sources are a potential issue for all VOCs, but

Point: ~ are more common for some VOCs (risk & prevalence)

Analysis based on comparison of typical background range to indoor air screening values.

22 Steps Leading to Background VI Evaluation RITS Spring 2011: Identifying Background Sources at VI Sites

 Likelihood of background issues is highest to those VOCs with low risk-based
screening levels and high prevalence in industrial, commercial, and residential
consumer products.

» Example: Toluene and Xylenes are almost always detected in indoor air due to
background sources but screening level is high for these compounds so
background less likely to cause exceedance.

* Example: cis-1,2-DCE not likely to be found in consumer products.

RITS Spring 2011: Identifying Background
Sources at VI Sites



Presentation Overview

* Introduction

« Steps Leading to Background VI Evaluation

[> Indoor Air Testing (Typical Program) ]

* Exploratory Data Analysis
- Primary Lines of Evidence
— Additional Lines of Evidence

* Forensic Methods and Multivariate Analyses
* Case Studies

* Summary

23 RITS Spring 2011: Identifying Background Sources at VI Sites

RITS Spring 2011: Identifying Background
Sources at VI Sites
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Indoor Air Testing: What to Look For?

+ Potential concern based on VI Al COCs
screening steps

Vapqr * Must analyze indoor air samples
Intrusion
COCs

+ Reporting limits (RLs) must be below
applicable screening limits (e.g., RBSL)
(may require special analytical
methods such as TO-15 SIM)

* Not a concern based on VI screening
steps

Other * Results may be useful for multiple
Analytes lines of evidence (MLE) evaluations
(e.g., source fingerprinting)

+ Reporting limits need not be less
than RBSLs

COCs for VI

COCs = Chemicals of Concern; RBSL = Risk-Based Screening Level; SIM = Selective lon Monitoring
24 Indoor Air Testing (Typical Program) RITS Spring 2011: Identifying Background Sources at VI Sites

» COCs of potential vapor intrusion concern based on screening process:
presence in subsurface source close to receptor (e.g., within 100-ft).

» Be sure to coordinate with the laboratory regarding detection limit requirements
for all potential VI COCs.

» Be sure to separate the decision logic between VI COCs and additional analytes
(other VOCs for source comparison, fixed gases, radon) that may be useful in
distinguishing between VI and and other sources.

» Potential ways to use additional analytes not potentially associated with VI are
discussed in more detail later in this presentation.

RITS Spring 2011: Identifying Background
Sources at VI Sites



Removal of Background Sources navrac, 2010; section 3.9

CONCEPT: Identify and remove indoor sources of VOCs. Conduct follow-up

sampling to assess effectiveness.

« Buildings where indoor sources are apparent and
removable

* |dentify sources (building survey or real-time analysis) and
remove at least 24 hrs. before sampling

« Compare VOC concentrations to pre-removal results

* May not identify and remove all indoor sources

Limitations

25 Exploratory Data Analysis (Primary Lines of Evidence) RITS Spring 2011: Identifying Background Sources at VI Sites

» Attempt to remove indoor sources prior to indoor air testing can lead to a false
sense of security regarding the need to collect sufficient data for lines of evidence

evaluation.

» Products can be difficult to find visually (e.g., hobby glue in master bedroom
closet) and homeowners often forget where the have chemical products stored (I

can't

find my keys half the time).

 If you state that you removed all indoor sources prior to sampling, any
exceedance may be viewed in vapor intrusion.

RITS Spring 2011: Identifying Background

Sources at VI Sites
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Indoor Air Sampling:

Typical Indoor Air Sampling Program

* One sample from lowest level of building
+ One sample from lowest occupied level

Indoor Air * For large buildings, at least one per air
handling zone

+ Additional sampling in likely source areas
(e.g., garage)

; : * One sample from upwind of building(s) for each day of
Ambient Air sample collection

+ One to three samples from below building (e.g., 6 in. below slab)
+ Additional samples for large buildings (>10,000 ft?)
+ Target source areas, if present below building

26 Indoor Air Testing (Typical Program) RITS Spring 2011: Identifying Background Sources at VI Sites

» Point to summa canister and define this as the typical method for vapor sampling,
regulated to collect 24-hr sample (residential) or 8-hr (commercial), ship to
laboratory for off-site analysis.

» Define sub-slab sample, drill through slab and install sampling point directly
below the foundation, be sure that it is properly sealed, tracer tests can be
conducted to verify (e.g., helium in shroud over sampling point.

» Data from a typical indoor air sampling program can be used for exploratory data
analysis (as we will discuss later), using a weight-of-evidence approach.

* In many cases, this data will be sufficient to determine the likely source of indoor
air impacts (if any).

RITS Spring 2011: Identifying Background
Sources at VI Sites



Presentation Overview

* Introduction
« Steps Leading to Background VI Evaluation
* Indoor Air Testing (Typical Program)

[> Exploratory Data Analysis ]
[ - Primary Lines of Evidence |
— Additional Lines of Evidence

* Forensic Methods and Multivariate Analyses
* Case Studies

* Summary

27 RITS Spring 2011: Identifying Background Sources at VI Sites
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Exploratory Data Analysis (NAVFAC, 2010; Section 3.0):
Risk-Based Screening Levels (RBSLs)

Indoor Air Concentration Exceeds RBSL?

* Use MLE to determine source
(VI vs. background)

* No VI concern
(assuming adequate characterization of spatial
and temporal variability)

=
o
®
=
o
(<)
)
=
S
(&)

Compare measured VOC concentrations in indoor air to

Approdon: applicable risk-based screening levels (RBSLs)

MLE = Multiple Lines of Evidence; VI = Vapor Intrusion
28 Exploratory Data Analysis (Primary Lines of Evidence) RITS Spring 2011: Identifying Background Sources at VI Sites

» First question is, Do we have an exceedance of screening criteria?
» Below the RBSL, no need to do further analysis.

» Above the RBSL, use exploratory analysis to determine source(s) of indoor air
impacts.

* In some cases with indoor air above the RBSL, more advanced methods of
evaluation may be necessary and we will discuss some of these in detail later in
this presentation.

RITS Spring 2011: Identifying Background
Sources at VI Sites
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VOC Sources: Multiple Lines of Evidence

: Multivariate

Concentration
Ratios

Typical Indoor
Background

Forensics Method
(Fingerprinting)

Sub-slab
Concentrations

i |
1

PROJECT TEAM EVALUATING
LINES OF EVIDENCE

(34 Judgment required. No fixed set of rules for evaluating

POINT:  multiple lines of evidence.

29 Exploratory Data Analysis (Primary Lines of Evidence) RITS Spring 2011: Identifying Background Sources at VI Sites

» The applicable lines of evidence should be considered as a whole to make a
determination based an overall “weight-of-evidence”. The lines of evidence are
well established but judgment is required to properly evaluate.

* Requires knowledge of the site conceptual model (i.e., know the COCs, potential
migration pathways, observed indoor sources, etc.).

RITS Spring 2011: Identifying Background
Sources at VI Sites



Outdoor and Indoor Background Concentrations
(NAVFAC, 2010; Section 3.1)

)

* Indoor air similar to site-specific History &
Outdoor (temporally matched) outdoor .
(Ambient) background provides strong

Background evidence that vapor intrusion is

NOT occurring Human Health

g™
* Indoor background can vary by orders- s
of-magnitude due to lifestyle

* Indoor air similar to literature-based
Indoor background, provides suggestive
Background evidence that vapor intrusion is NOT

occurring

« Site-specific indoor background
concentration is difficult to establish

30 Exploratory Data Analysis (Primary Lines of Evidence) RITS Spring 2011: Identifying Background Sources at VI Sites

» Advanced methods are available to indentify the presence of indoor sources if
not obvious based on data (e.qg., distribution).

* Indoor background concentrations are site-specific based on use and storage
chemical products, attached garage, smoking, etc. Therefore, establishing a
background concentration is difficult.

RITS Spring 2011: Identifying Background
Sources at VI Sites



Concentration Ratios
(NAVFAC, 2010; Section 3.2)

Compare to Published Range of Values

* AF > published range (see NAVFAC, 2010; Table
3-2) suggestive of indoor source.

Example: C,vs. C,

* Sub-slab vapor < indoor air: Strong evidence of
indoor source

+ Sub-slab vapor < 10x indoor air (i.e., AF > 0.1;
USEPA, 2002): Suggestive evidence of indoor source

+ Sub-slab vapor > 100x indoor air (USEPA, 2009 draft
AF database): Suggestive evidence of vapor
intrusion

Other Considerations

* Spatial variability

* Preferential entry pathways
+ Mixed sources

AF = Attenuation Factor; C,, = Indoor Air Conc.; Cgg = Sub-slab Conc.; Cgyy, = Groundwater Conc.

31 Exploratory Data Analysis (Primary Lines of Evidence) RITS Spring 2011: Identifying Background Sources at VI Sites

* The higher the sub-slab concentrations are relative to indoor air, the more
concern there is that vapor intrusion may be occurring.

* Even if the ratio’s are high, that does not mean that vapor intrusion is occurring.

» Spatial variability within the structure can be very useful in identifying the
potential source.

» Preferential pathways (e.g., sumps, drains, large cracks) can be identified, an
advanced method discussed later in this presentation (even when no VOCs,
radon can be used to find entry points).

» Mixed sources such as natural gas leaks, drains and sewer lines, etc. can cause
elevated sub-slab concentrations not associated with affected environmental
media.

RITS Spring 2011: Identifying Background
Sources at VI Sites
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Constituent Ratio Comparisons naveac, 2010; section 3.3

CONCEPT: VOCs originating from the same subsurface source should enter

building at similar rate (i.e., attenuation factors should be similar)

« For sites where subsurface source has multiple COCs for
vapor intrusion

= Can also use radon as subsurface tracer

+ Compare COCs ratios in subsurface sample to COC ratios
in indoor air sample

« If ratios are different, evidence of indoor source for one or
more of the COCs

* Collect a sufficient number of representative samples

How to Improve? » Develop DQOs, laboratory procedures, and data reduction
schemes to ensure appropriate quantitation limits

COCs = Chemicals of Concern; DQOs = Data Quality Objectives

32 Exploratory Data Analysis (Primary Lines of Evidence) RITS Spring 2011: Identifying Background Sources at VI Sites

* How to improve? Make sure you have enough samples for comparison and that
they are representative based on what we discussed earlier.

 If using this method, the reporting limits for some COCs with high RBSLs may
need to be adjusted to ensure that they are detected and the ratios are useful.

RITS Spring 2011: Identifying Background
Sources at VI Sites
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Constituent Ratio Comparisons (cont.)
(NAVFAC, 2010; Section 3.3)

Z 100

S

z 10 Sub-slab
°

£ 1

5

Q Indoor Air
s 01

Q PCE

Key Findings:
+ PCE is the only COC that
exceeds RBSL in indoor air

+ Ratio analysis indicates indoor
source of PCE

COCs = Chemicals of Concern; AF = Attenuation Factor; IA = Indoor Air; SS = Sub-slab; RBSL = Risk-Based Screening Level
33 Exploratory Data Analysis (Primary Lines of Evidence) RITS Spring 2011: Identifying Background Sources at VI Sites

» While the calculated attenuation factor (indoor air/ sub-slab) for TCE, 1,1,1-TCA,
and 1,1-DCE are similar, PCE is over 40x higher, indicating an indoor source is
impacting indoor air quality.

» Since PCE is the only COC above the RBSL, this indoor source may be the main
contributor causing exceedance.

RITS Spring 2011: Identifying Background
Sources at VI Sites
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Lines of Evidence: Are we there yet?

Goal: Determine presence or absence of VI based on exploratory
data analyses from typical VI sampling program results.

Potential
Qutcomes

VI Impact * Conduct risk assessment; mitigate, if deemed
P necessary, until source remediation completed

* Remove additional potential sources and retest to confirm no VI

Background OR
VOC Source » Building occupant and other stakeholders satisfied with test
results

Not Definitive » Consider advanced analysis methods

34 Exploratory Data Analysis (Primary Lines of Evidence) RITS Spring 2011: Identifying Background Sources at VI Sites

» A determination should be made based on the “weight-of-evidence”.

* How strong a case that needs to be made depends on a number of factors,
including satisfaction of stakeholders.

* Is there time to do more advanced analysis and collect more data and is there
evidence that additional data may be of use.

 Example: Data suggests a potential source in main living area but lines of
evidence is not definitive, indoor survey with HAPSITE could be used to find the
specific source, also may do fingerprinting, stable isotope analysis to distinguish
between sources.

RITS Spring 2011: Identifying Background
Sources at VI Sites
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Refining the CSM
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* Update CSM to reflect all available information
« Consider innovative investigation methods more likely to
provide definitive results

(34

POINT:

35 Exploratory Data Analysis (Primary Lines of Evidence) RITS Spring 2011: Identifying Background Sources at VI Sites

* Now that we have more data, we can refine the conceptual site model to better
understand the vapor intrusion pathway.

» This could lead to collection of additional data and/or the use of more advanced
methods, as we will discuss next.

RITS Spring 2011: Identifying Background
Sources at VI Sites



Presentation Overview

* Introduction
« Steps Leading to Background VI Evaluation
* Indoor Air Testing (Typical Program)

[> Exploratory Data Analysis (vavrac, 2010; section 3.0) ]
— Primary Lines of Evidence
| — Additional Lines of Evidence (NAVFAC, 2010; Section 3.5) |

* Forensic Methods and Multivariate Analyses
* Case Studies

* Summary
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Differential Pressure Monitoring

what? B Pressure gradient across foundation drives
. flow of soil gas and air across the foundation

6:00 9:00 12:00 15:00 18:00 21:00 0:00 3:00 6:00 9:00 12:00 15:00

Time (July 14-15, 2005)

+ Connect pressure transducer (digital
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Pressure

) v
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» Pressure monitoring can be used to determine if vapor intrusion could be
occurring based on the air flow direction across the foundation.

» Positive downward pressure can cause the transport of VOCs from indoor

sources into the sub-slab.

» Direction of flow can change over time, also resulting in VOCs moving from the

indoors to the sub-slab.

RITS Spring 2011: Identifying Background
Sources at VI Sites
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Building Pressure Cycling (BPC)

* Use controlled NEGATIVE building pressure to MAXIMIZE VI
* Use controlled POSITIVE building pressure to TURN OFF VI

What?

* To confirm impact of non-removable or unidentified indoor
source on indoor air quality

* To reduce temporal variability associated with normal
[\\y@ fluctuations in building pressure (i.e., to ensure potential for
VI during scheduled sampling event)

* To maximize vapor intrusion during on-site analysis
program

38 Additional Lines of Evidence RITS Spring 2011: Identifying Background Sources at VI Sites

* Maximizing VI by introducing a negative building pressure can reduce the
potential need for multiple sampling events and reduce stakeholder concerns
regarding temporal variability.

» Maximizing VI in conjunction with on-site analysis can assist in identifying entry
points such as crack, drains, sumps, etc.

RITS Spring 2011: Identifying Background
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Overview of Building Pressure Cycling

* Use fan or building HVAC system to control building
pressure

+ Measure radon and VOC concentrations in indoor air and
ambient air under baseline, negative pressure, and/or
positive pressure conditions

* Radon is a tracer for soil gas and serves to confirm
effectiveness of building pressure control

« Limitation: not effective for very large and very leaky
buildings
(e.g., older buildings on Navy bases)
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Overview of Building Pressure Cycling (cont.)

Induced

Building
Pressure

NEGATIVE

Induced
POSITIVE
Building
Pressure

40 Additional Lines of Evidence
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BPC Example Application and Results: Radon

TRAVIS AFB BUILDING 828 JACKSONVILLE NAS BUILDING 123
0.7 0.25
o0
= 0.6 VI “On” VI-“Off” " VI “Off”
(&) 0.2
2 |os
g i 0.15
S
0.3 !
g 0.1
S |02
T 0.05
X |o1
0o = 0
INDOOR: INDOOR: OUTDOOR INDOOR: INDOOR: OUTDOOR
NEGATIVE POSITIVE NEGATIVE POSITIVE
PRESSURE PRESSURE PRESSURE PRESSURE

KEY Control of building pressure resulted in control of radon

POINT:  vapor intrusion

41 Additional Lines of Evidence RITS Spring 2011: Identifying Background at VI Sites

» The natural soil gas tracer radon was used at these two site to show the
effectiveness of building pressure cycling to turn on and off the effects of vapor
intrusion.

RITS Spring 2011: Identifying Background
Sources at VI Sites



BPC Example Application and Results: Research House

RESEARCH HOUSE
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Baseline| Negative: | Positive: Baseline | Negative: Positive:

8 Vi nonu E VI uoffu VI s:onll — Vl iioﬂ” —

4 | L]

2 MJWI 1..--r-=-_-"4
L’Mﬂ

Pressure Gradient (Pa)
)

2 e NEENEENTY
<% Building
Foundation

-6
2 ~Building

-10 T T T T EPvelope

2-Oct-2010 3-Oct-2010 4-Oct-2010 5-Oct-2010 6-Oct-2010 7-Oct-2010 8-Oct-2010
Time
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» Use of pressure gradient measurements to show the effectiveness of building
pressure cycling, prior to conducting a both radon and VOC sampling.

 Slight positive pressure during baseline may be enough to mostly suppress vapor
intrusion.

RITS Spring 2011: Identifying Background
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BPC Application and Results: Research House (cont.)

RESEARCH HOUSE

Baseline | Negative | Positive | Baseline | Negative | Positive | Outdoor

vi“on" | vitoff vi“on” | Vi “off’

Radon Conc. (pCilL)
-
14

KEY Control of building pressure resulted in control of radon

POINT:  vapor intrusion
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» The results of sampling for the natural soil gas tracer radon showed that the
building pressure cycling was effective in turning VI of and on, as would be

expected from the results of the pressure gradient measurements presented in
the previous slide.

* Results of the baseline sampling shows only minor levels of radon above outdoor
conditions due to positive pressure under baseline conditions.

RITS Spring 2011: Identifying Background
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» Results for chemicals in the subsurface source showed that under negative
pressure (i.e., VI “on”) concentrations much higher than baseline and with VI “off”
indicating that pressure cycling clearly made for “worst” case VI scenario.

» TCE was stored in the garage by accident (indoor background source), therefore
baseline concentrations and those with VI on are very similar, under positive
pressure the TCE was pushed out of the garage resulting in lower
concentrations.

» As expected, no change in ambient conditions due to building pressure cycling.

* Indoor source of SF6 (sulfur hexafluoride) was released into the building as part
of the experiment and concentrations under positive and negative pressure
conditions were similar, as with the indoor source of TCE.

RITS Spring 2011: Identifying Background
Sources at VI Sites



Building Pressure Cycling: Summary

|

Induced
NEGATIVE
Building

Pressure

KEY POINTS:

* Method to “Turn On” or
“Turn Off” vapor intrusion
for scheduled sample event

* Demonstrated through

USEPA ETV program
(Report Pending)

Induced
POSITIVE
Building
Pressure

* Pressure control can be
combined with other
methods (e.g., on-site
analysis)

ETV = Environmental Technology Verification
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» Tool that can be used to reduce concerns with uncertainty.

* When used in conjunction with on-site analysis can assist in identifying indoor
sources and/or VI entry points.

RITS Spring 2011: Identifying Background
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Tracer Compounds (e.g., radon)

* Use compound present in soil gas (e.g., radon) to
understand the movement of soil gas into the building

Radon Test Results AF Calculation

What?

/ \
Indoor Ra = Ambient Ra = AF _09-03
0.9 pCi/L 0.3 pCilL Pl
LT'I- = 0.00048
Sub-slab Ra =
833 pCi/L

* Typically no indoor sources of radon
* Can be used for long-term testing (up to 6 months)

VI = Vapor Intrusion; AF = Attenuation Factor
46 Additional Lines of Evidence RITS Spring 2011: Identifying Background Sources at VI Sites

» Radon was discussed during the previous discussion on building pressure cycling
as an effective tracer compound that is naturally occurring in soil gas.

» Can also be used to predict expected attenuation factors for transport of VOCs
from the sub-slab to indoor air. Measurements can be collected in conjunction
with a typical VI sampling program (i.e., summa canisters) for a relatively low
additional cost.

RITS Spring 2011: Identifying Background
Sources at VI Sites



On-Site Analyses: HAPSITE, TAGA, Mobile Lab

* On-site analysis (with low detection limits)

* Results from initial samples used to guide collection of
additional samples

« For rapid identification of source(s) of VOCs detected in

TAGA = Trace Atmospheric Gas Analyzer; CTCL = Carbon tetrachloride

indoor air. Examples:
— Building with complex indoor sources
- High concern from building occupants
— Prior analyses not definitive

Toluene

PCE

T T
01:30 02:00 02:30 03:00

47 Additional Lines of Evidence
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* On-site analysis is currently the best available tool for distinguishing between
background sources and vapor intrusion and can be done quickly with definitive

results in most cases.

» Mass spec with the HAPSITE gives chemical specific results, while other re-time
instruments (e.g., PID) are not chemical specific and there is a lot of interference

from non-COC indoor sources of VOCs.

» Can be used to find specific indoor sources, confirm removal of indoor sources,

indentify VI entry points, etc.

RITS Spring 2011: Identifying Background
Sources at VI Sites
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Options for On-Site Analysis

USEPA + Continuous analysis with
TAGA Unit <1 ppbv quantitation limits (wow!)
HAPSITE » <1 ppbv detection limit for grab samples
Portable * Less sensitive in survey mode (i.e., continuous
GC/MS reading)
Mobile lab + <1 to 10 ppbv detection limit for grab samples
GC/MS * Need alternate instrument for survey

KEY = Need on-site GC/MS

POINTS: =GC separates; Mass Spec provides definitive identification

48 Additional Lines of Evidence RITS Spring 2011: Identifying Background Sources at VI Sites

* The HAPSITE is the least expensive method and provides both guantitative and
real-time chemical specific survey results.

* HAPSITE has been successfully used by both Hill Air Force Base team and GSI
to indentify indoor sources in both residential and commercial structures.

» Lack of survey mode with mobile lab GC/MS is a limitation.

RITS Spring 2011: Identifying Background
Sources at VI Sites



On-Site Analysis: Overview of Approach

* Analyze samples from each major space in building
(e.g., basement, main floor, 2" floor)

* Room-by-room samples from area with highest
concentration of target analyte

Initial
Sampling
Program

+ Use continuous reading survey mode to screen room with
highest concentration of target VOC:
- Individual products
— Storage areas
- Foundation penetrations

* Use flux chamber to estimate emission rate from identified
. indoor source(s)
Confirmation + Remove identified indoor sources
SRl + Seal identified preferential entry pathways
* Retest indoor air

Survey of
Source Area

KEY + Approach applied to numerous sites by USEPA

POINTS: + Written protocol being develop (ESTCP ER-201025)

49 Additional Lines of Evidence RITS Spring 2011: Identifying Background Sources at VI Sites

 All decisions can be made while on-site and additional data collected as needed,
versus typical VI investigation where the investigator is in the dark until results
received from the laboratory weeks later.

» The source of indoor air impacts can typically be identified in 1-day of testing and
reduces the need to complete multiple mobilizations.

» We will discuss the 3 main elements of the on-site analysis approach in the
following slides.

RITS Spring 2011: Identifying Background
Sources at VI Sites



Initial Building Screening Example

« Area by Area Results (ug/m?)

6.5 PCE

LLLLH T 048
PCE -
3.1 E =~ PCE

25 "~ Prior result that
: prompted on-site
analysis program

CTCL = Carbon tetrachloride; PCE = Tetrachloroethene
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» The initial screening results are used to identify the areas of potential indoor
sources.

» This example shows that there is a potential background source on the main
floor.

RITS Spring 2011: Identifying Background
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Initial Building Screening Example (cont.)

« Room by Room Results — Upstairs (ug/m?)
1
PCE L

o 7/ PCE
™ 65

& PCE
0.48

L/

PCE PCE

6.0 14 (\

CTCL = Carbon tetrachloride; PCE = Tetrachloroethene
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» Based on the first round of sampling results, additional room by room sampling is
conducted on the main floor to further refine the potential source area.

» The room on the lower right has the highest PCE result and additional survey
mode screening in this area should be conducted in an effort to identify the
specific background source of PCE.

RITS Spring 2011: Identifying Background
Sources at VI Sites
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Real-Time Survey to ldentify Sources
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* Real-time screening was able to identify the source of PCE.

» Discuss the intensity peaks and how the tube of glue was found.

» Very difficult to find visually, also not identified by resident in the occupied

dwelling questionnaire.

 If removal of background sources had occurred, this could have been easily

missed, leading to false conclusions regarding vapor intrusion.

* Flux chamber sampling confirmed that the E6000 hobby glue was a significant

source of PCE with regard to indoor air quality.

» This source could be removed and the house re-sampled using on-site analysis
after 24-hour flushing period to confirm no other indoor sources prior to collection

of 24-hour summa canisters.

RITS Spring 2011: Identifying Background
Sources at VI Sites
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Real-Time Survey to Identify VI Entry Points

 Same continuous-read survey mode

» Typically conducted after search for indoor sources
(indoor sources can contaminate sub-slab soil gas)

* Entry points can be isolated, if needed
« Can depressurize building to enhance inflow of soil gas

Examples provided by Kyle Gorder and Erik Dettenmaier, Hill AFB
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* HAPSITE or other instrument can be used to find the entry points, these can be
sealed and indoor air retested.

» Important to note that air can flow in both directions through the slab and that
indoor sources can contribute to what is measured in the sub-slab, as discussed
previously.

RITS Spring 2011: Identifying Background
Sources at VI Sites
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On-Site Analysis: Summary

Area-by-area sampling
— ambient conditions

KEY POINTS:
l—Yes Detections Nc—l . Approach typlcally
results in definitive

ot st o[ Depressurize buiding_| identification of
£ specific indoor
a Enclosure{contamerfeniry Detections VI t
pt. sampling as needed | source or entry
b4 point
No | Room-by-room sampling | Utilized by USEPA
Source No T
o e Successfully applied
Emissi:m test samz — (USing HAPSITE
| —Primary source —-| Investigation complete GC/ MS) at Hill AFB
Yes
¥
Remove I—
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» Again, on-site analysis is the best tool currently available for definitive
identification of the source of indoor air impacts.

» USEPA uses this, it's why they have their million dollar TAGA van.

» GSI and the Hill AFB team have successfully applied this methodology at
numerous residential and commercial structures.

» Easy to understand and defend the results.

RITS Spring 2011: Identifying Background
Sources at VI Sites
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Presentation Overview

* Introduction
« Steps Leading to Background VI Evaluation
* Indoor Air Testing (Typical Program)

* Exploratory Data Analysis
- Primary Lines of Evidence
— Additional Lines of Evidence

[> Forensic Methods and Multivariate Analyses ]

« Case Studies

* Summary
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Forensic Analysis: Fingerprinting avrac, 2010; section 4.0

What? + Detailed analysis of vapor samples to quantify 10s to 100s of
A individual VOCs

When? + Useful to identify source(s) of sl Iy Rils [(oIe:TisTely £

detected in indoor air

* Limited number of laboratories have sufficient analyte
list for adequate fingerprinting analysis

+ Conduct analysis on one or more indoor air samples, one or
more soil gas samples

+ Consider sampling potential sources, if identified
(e.g., gasoline, solvent-based cleaner, natural gas)

+ Use exploratory and statistical methods to compare indoor air
to potential sources

56 Forensic Method and Multivariate Analyses RITS Spring 2011: Identifying Background Sources at VI Sites

» Works well with petroleum hydrocarbons as each source has a distinctive carbon
range fingerprint and contain 100'’s of different chemicals.

» Exploratory, look at the carbon ranges and compare fingerprint, look at specific
chemicals.

 Statistical, look at concentration ratios or do a multivariate analysis such as a
cluster analysis.

RITS Spring 2011: Identifying Background
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Fingerprinting: Example Application

House 8 Living Room Cigarette Smoke

:é‘ : atkqnes nakenes | banchedakanes BE. CA . aromatics nalkenes @ branchedakanes BE' CA . aromatics
EXi i i
: p : © ISOPRENE —+ : ISOPRENE—___
%4 H
ﬁ b H
i o1 -

| - PUNINNUN| P NN S ki PY P TR 7] T TS

a9 AGEGE7TIMGEBEBGT7T77780666007670889991 446668 7NNA6EBABAT7 7770866686747 88899910
Carbon Number Carbon Number

Low MW Low MW LowMW ) o pw
Alkanes Alkenes Alkanes Alkenes

+ Good visual match between indoor air sample and cigarette smoke
+ Indoor air contains classes of VOCs indicative of cigarette smoke
+ Residents occasionally smoked in house (per sampling survey form)

FINDING: Cigarette smoke likely source of benzene and other risk drivers.

BE = Branch alkenes; CA = Cyclo alkanes; MW = Molecular Weight
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 First, the visual match is pretty good between indoor air and cigarette smoke.
» Same classes of VOCs are observed in both samples.

 After additional inquiry, it came to light that the residents do indeed smoke in the
home.

RITS Spring 2011: Identifying Background
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Fingerprinting: Evaluation of Mixed Sources

Cigarette Smoke House 8 Living Room
g:x falanes nalenes : branchedalanes (BRI CA : aromatks 3 40 n-alkanes nealkenes branched alkanes  CBE: CA . aromaics
ISOPRENE 3 2,2,4-TRIMETHYLPENTANE BENZENE
| BENZENE <®
—ma | | / gzo
gmm ¢ §15
— ?
L. II Fv—— '] | ||| :
234887 OQW ZAAAAECEBTINGERBERATTTITHRGEEHETETHAET99N A Ill__. .......
Carbon Number 2nuan;munduu.!nms&uuﬂnnuunuanqum

Carbon Number

Weathered Gasoline STATISTICAL TOOLS:
E.]:x nalkanes - nalkenes branched alianes  ((BE: CA  aromalcs A
%j::: 2,2,4-TRIMETHYLPENTANE\\ BENZENE * Ratios:
£ ; = —isoprene:benzene
oo ;a.;.,!:;,a.m...;;;;,...‘;:;!!!!!!.',.;‘I;.'!!..,;.‘;;;;‘. —2,2,4-TMP:benzene

Carbon Number

* Multivariate analyses

BE = Branch alkenes; CA = Cyclo alkanes
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» The question of mixed sources is often raised (i.e., indoor and VI both
contributing).

» Use statistical tools such as the ratios of key indicator parameters or conduct a
more rigorous multivariate analysis (e.g., cluster analysis).

» The ratios of isoprene:benzene and 2,2,4-TMP:benzene show that the indoor air

is much more similar to cigarette smoke, rather than a weathered gasoline in the
subsurface.

RITS Spring 2011: Identifying Background
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Forensic Analysis: CSIA wavrac, 2010; section 4.9

+ Potentially simplest

method to distinguish [k Local
vapor intrusion from o (2] indoor source
indoor sources b ﬁa

* Most applicable to sites ' } 3 S t
where blOdegr.aldE_ltlon [ Local subsurface source of PCE () |
of target VOC is likely T

Il

to have yielded an Source S
isotope shift for A D-

subsurface source

Example A: Example B:

Subsurface Source is Primary

Indoor Source is Primary
Source of PCE in Indoor Air

NOTE:

Source of PCE in Indoor Air

x

+ Fall 2008 RITS on cSIA | SN \ ol P
(groundwater fOCUS) A—Ir:JdoorAir gg::;;erface 2 i Indoor Air sgu::e oce
) I
| y
3 Cl / 87 Cl
CSIA = Compound-Specific Stable Isotope Analysis o» Range for indoor sources
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» Since previous RITS was conducted on this concept we will not go into the
details of the chemistry during this presentation, etc.

» Biodegradation in the source will make the compound heavier.
» Gray box is a typical range of the isotope ratios that is seen in indoor sources.

 In this example we are looking at the ratios of isotopes, carbon and chlorine as
they pertain to PCE.

RITS Spring 2011: Identifying Background
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CSIA: Example Application and Results

Residence 1 — TCE

X

FINDING:

T

TCE in indoor air

-15

matches TCE in

-20

X

groundwater

TCE is too heavy to
be an indoor source

Carbon Isotope Ratio (%o)

> Vapor Intrusion

-25
-30

-35

Range for Indoor Air

TCE = Trichloroethene

Groundwater

Consumer Products  Residence 1 Near Residence 1
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» Single isotope comparison shows that the ratio in indoor is similar to that
observed in the groundwater vs. the typical range for consumer products,
indicating the indoor air concentration is being caused by vapor intrusion.

RITS Spring 2011: Identifying Background
Sources at VI Sites
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CSIA: Summary

» Can provide definitive finding from as few as two samples
(i.e., one indoor and one subsurface)

* Paper on Hill AFB study under review

+ Additional work being supported by ESTCP
- Project ER-201025

61 Forensic Method and Multivariate Analyses
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Multivariate Statistical Methods avrac, 2010; section 5.0

+ Statistical methods that utilize multiple characteristics
What? (e.g., concentration results for multiple VOCs) to evaluate
differences between groups

* Typically requires large datasets (e.g., extensive analyte list
for multiple samples from indoor air, background indoor air,
ambient air, soil gas)

* May be useful when simpler analyses are not definitive

* Principal Component Analysis: Consolidates results for
multiple individual chemicals into “principal” components
based on correlations in individual results

* Cluster Analysis: Groups samples into cluster based on
overall similarity for multiple characteristics
(i.e., multiple chemical concentration results)

KEY - Statistical expertise required for proper application

POINTS: -« Methods and results can be difficult to explain

62 Forensic Method and Multivariate Analyses RITS Spring 2011: Identifying Background Sources at VI Sites

» This is a more complex method that takes a high level of expertise and as such,
can be difficult to explain and make the stakeholder comfortable with the
outcome.

» This should be a quick slide, only to introduce the concept, we are not going into
any detail on this subject.

» This has been tabbed as a potential RITS topic in the future.

RITS Spring 2011: Identifying Background
Sources at VI Sites



Investigation Approach: When to do What

* Most common investigation approach

_ _ * Provides clear results for 60 to 80% of buildings

DLCEASEILEE  « Works best for COCs with fewer background sources
Program (e.g.,1,1-DCE, TCE)

(32K-$34K building) N Often requires multiple sample events to address temporal

variability

EDA Primary LOE

EDA Additional LOE
HEEEIERCEGEIA  + Inexpensive add-on to typical program

e $(()A5(:(‘iflt§:::u;:|ng) + Can provide improved understanding of temporal variability

* Inexpensive add-on to typical program
+ Most valuable for sites with only one or two primary COCs

( Aflgi(:i‘:)r;al for vapor intrusion
$0.5K to + Ensures that constituent ratio analysis can be used as a line
z of evidence

$1K/building)
+ Limitation: source and distribution of radon in subsurface

not the same as site COCS EDA = Exploratory Data Analysis; LOE = Lines of Evidence
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» Walk through the level of effort, benefits, and limitations for each of the additional
lines of evidence with respect to a typical sampling program.

* In many cases the data collected during a typical sampling program and use of
the primary lines of evidence is sufficient to determine whether vapor intrusion is
occurring.

RITS Spring 2011: Identifying Background
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Investigation Approach: When to do What (cont.)

EDA Additional LOE

+ Approximately twice the effort of typical sampling program
Preselte * Ensures that vapor intrusion is “on” during scheduled
Cycling sampling event (i.e., addresses temporal variability)
($4K-$6K/building) [ Best approach to evaluate diffuse indoor sources (e.g.,
carpet, furniture)

. ) * Most reliable method to identify indoor sources of VOCs

MUCIUEVEEEN .« Can combine with other approaches (e.g., pressure control)
st + Best method to quickly obtain definitive resuit

($3K-$GKIbUI|dIng) €St method to quickly obtain detinitive results

+ Primary advance method used by USEPA

Advanced Methods

T UL ° Forensic methods still being developed & validated
(PN« Fingerprinting: petroleum hydrocarbon sites
(QLGYATTLIEN - CSIA: Sites with good subsurface biodegradation

EDA = Exploratory Data Analysis; LOE = Lines of Evidence
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» Walk through the level of effort, benefits, and limitations for each of the additional
lines of evidence with respect to a typical sampling program.

RITS Spring 2011: Identifying Background
Sources at VI Sites



Presentation Overview

* Introduction
« Steps Leading to Background VI Evaluation
* Indoor Air Testing (Typical Program)

* Exploratory Data Analysis
- Primary Lines of Evidence
— Additional Lines of Evidence

* Forensic Methods and Multivariate Analyses

[> Case Studies r JEB Little Creek, VA - Current Barracks Building

1 Cleanar (Site
<icdllel (QILE &J)

« Summary L

JEB = Joint Expeditionary Base; MCRD = Marine Corps Recruit Depot

65 RITS Spring 2011: Identifying Background Sources at VI Sites
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Case Studies

+ Site: Current barracks

Case.1: buildings
éfik't\t;x * Objective: Evaluate current
3 PCE/TCE vapor intrusion
Case_2: « Site: Dry cleaner drop station
: IPac;ngC above PCE plume
slan g
’ * Objective: Evaluate current ./
Dr(grsﬁLezg)ter PCE vapor intrusion o é? S A5
\;—kc\ f’g_(;-—;:':"'MJ
« Site: On-base industrial building N
Case 3: above mixed chlorinated solvent
Hill AFB, UT [
NG EIEN * Objective: Evaluate potential for
vapor intrusion
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Case Study 1: JEB Little Creek

i 4 Site 11a: Former Waste Storage Tank
Identifying Potential VIl Source and Current Barracks

and COPCs
- Groundwater 5-7 ft bgs

- Clay confining unit at
~25 ft bgs

— Chlorinated VOC plumes in
groundwater
* Lateral Distance Criteria
— Potential VI source within
100-ft of Barracks
* COPC Screening Criteria INITIAL FINDINGS:
(GW and Sub-Slab)
- Groundwater > VI screening criteria
— Sub-slab > VI screening criteria

* Indoor air sampling required

>> Must Consider Background
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* Introduce the site and conditions.

» Since groundwater and sub-slab sampling results exceeded screening criteria,
indoor air sampling was required, requiring that background sources of the site
VOCs be carefully considered during indoor air assessment process.

RITS Spring 2011: Identifying Background
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Case Study 1: Indoor Air, Sub-slab Soil Gas, and
Outdoor Air Results at Barracks (cont.)
» Concurrent indoor/outdoor/ sub-slab sampling 2010
~TCE (ug/m?)
* Indoor air: No detections
* QOutdoor: 0.1J LS11A-IA06 [Mar-10
+ Sub-slab: 28-270 Fopeill betty
~PCE (ng/m3) e
» Indoor air: max =2.4 T S
* Outdoor: 0.15J cﬁ::;:h':n:% "5.’1"9"}” 7]
+ Subyslab: 4:520 el B
PCE 1.6 36
TCE 31 6.1
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* Note that in March 2010, indoor air concentrations for PCE exceeded the risk-
based screening criteria and also barely exceeded PCE concentrations in the
sub-slab (suggestive evidence of indoor source of PCE).

 In addition, TCE was not detected in indoor air, even though the sub-slab
concentration exceeded that of PCE.

RITS Spring 2011: Identifying Background
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Case Study 1: Exploratory Data Analysis

Compare |A to

: 5 : . 5
Screening Criteria 1 PCE IA Sample (2.4 ug/m?) > screening criteria (2.1 ug/m?)

DEEGIGII G © IA > ambient air concentration
Comparison » |A within published background range for PCE

Can 2
Css 36

IA to SS Ratio

Initial * Typical background comparison inconclusive

Findings: « SS <10x IA suggestive of indoor source

|A = Indoor Air; S = Sub-slab; AF = Attenuation Factor
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Case Study 1: Exploratory Data Analysis (cont.)

Sample TCE (ug/md) PCE (ug/m?)
Location ‘“:‘i’r‘“ Sub-Slab | Ratio | Indoor Air | Sub-Slab | Ratio
Constituent Ratio 3 <021 140 <15E03 | 015 0 14E:03
Comparison 4 <021 52 <40E03 | 014 4 29E03
6 <021 6.1 <34E02 C 2.4) 16 6.05-01:’
] <021 28 <75E03 | 021 9% 2603

Final + |A/SS PCE ratio at 1 exceedance location inconsistent
Findings: With published values AND inconsistent with other site-

specific ratios
* Weight of evidence strongly suggests indoor source
* No further action recommended for VI

|A = Indoor Air; S = Sub-slab
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Presentation Overview

* Introduction
« Steps Leading to Background VI Evaluation
* Indoor Air Testing (Typical Program)

* Exploratory Data Analysis
- Primary Lines of Evidence
— Additional Lines of Evidence

* Forensic Methods and Multivariate Analyses

[> Case Studies T JEB Little Creek, VA — Current Barracks Building
* MCRD Parris Island, SC - Dry Cleaner (Site 45)
. Summary L Hill AFB, UT - Building 5

re

=14

1nul o V15
b
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Case Study 2: MRCD Parris Island - VI Investigation

__— Vapor Intrusion Investigation

Panama Street

Dry Cleaning
Facility $ |
QMW14-SL
Main
B L . Downgradient
7 I st ® «f——  Bodyof
A o L Y 15 2
|

ST e
66 AMWO3-SL
.

PCE Plume
from sewer
line leak

Former
Temporary
Lodging

. Is PCE vapor intrusion occurring at New Dry Cleaning
QUESTION: Facility?

RITS Spring 2011: Identifying Background Sources at VI Sites

72 Case Study 2: MRCD Parris Island, SC — Dry Cleaner

Introduce site, leak from sewer line caused PCE plume, new dry cleaning facility
for pick-up/drop-off only and was told that the off-site facility was not using PCE

based cleaning agents.

RITS Spring 2011: Identifying Background
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Case Study 2: Sampling Program

* Indoor air (3),
ambient air (1),
sub-slab (3)

*VOCs

* Radon
- Soil gas tracer

RETAIL AREA

S§S-3
(Indoor-3)

O ss54
(Indoor-1)

* SF; (indoor air tracer)
Ambient-1

— for research Amblent-3

purposes only st Sy, STORAGE AREA
(FORMER OPERATIONS AREA)

SF; = Sulfur hexafluoride
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» Introduce sampling program, typical program with the addition of radon as a
natural soil gas tracer.

» Also plan to use positive building pressure to turn “off” VI.

RITS Spring 2011: Identifying Background
Sources at VI Sites



Case Study 2: Comparison of Indoor Air to RBSLs

Inltlal Findings . PCE Concentration
* PCE in indoor air exceeds 5 - ]
commercial RBSL I Bl
» PCE in indoor air exceeds B
" " o 1
ambient concentration D SE m .
E CgmmernigSL = 2.I17p;g{|m3 0.3
. However, dry CIGaned ° Indoor Air Indoor Air Indoor Air Amb‘ient
clothing stored in building A S
for customer pick-up MLE evaluation required to

determine source of PCE in
indoor air

RBSL = Risk-Based Screening Level; MLE = Multiple Lines of Evidence; RBSL value for PCE from USEPA Regional screening tables.
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* Results indicate potential vapor intrusion so multiple lines of evidence required to
distinguish between VI and indoor background sources of indoor air quality
impacts.
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Case Study 2: Multiple Lines of Evidence Evaluation
[l Indoor Air
[ Subslab Subslab Results
10000 » PCE concentration is higher in
AF =0.12
"_’E 1000 subslab
§ 100 » Attenuation factor (AF) is 0.12, close
£ o to USEPA default of 0.1
& | * PCE is only VOC detected in subslab
g (i.e., can’t use ratios LOE)
o PCE
PCE = Tetrachloroethene; LOE = Line of Evidence
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* PCE attenuation factor is close to USEPA default, although less than the typical
observed (100-1000 times attenuation from sub-slab to indoor air).

» Since only PCE detected in sub-slab, ratios of multiple constituents can’t be
compared.

RITS Spring 2011: Identifying Background
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Case Study 2: Multiple Lines of Evidence Evaluation

(cont.)
= ::;::;:" Other Evidence
10000 e—— * Confirmed that off-site dry
AF=012 cleaner is using PCE-based
1000

cleaning solvent

« Radon attenuation factor is
100x higher than PCE
attenuation factor

1007

Concentration*
-
(=]

-

* SF; results confirm little or no
air exchange across foundation

0.1

PCE Radon SFg

* PCE concentration in indoor air
far below occupational limits

*= Concentration units for PCE and SFy in jg/m?, radon in pCilL
AF = Attenuation Factor; PCE = Tetrachloroethene; SF; = Sulfur hexafluoride
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« The radon tracer indicates that the ratio of PCE is not indicative of vapor intrusion
but is likely caused by storage of PCE dry cleaned clothing being stored at the
facility.

RITS Spring 2011: Identifying Background
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Case Study 2: Parris Island: Lessons Learned

+ Expected: Active dry cleaning facility using petroleum-
Indoor based cleaner (i.e., no PCE)

Sources * Found: Drop station for off-site operation using PCE
>> Expect the unexpected

« Could not use positive building pressure to “turn off” vapor
intrusion and better quantify indoor source due to passive

o ventilation features
Investigation

Approach + Radon data provided best documentation of indoor source
>> Don’t assume any one approach will provide clear answer

* Indoor air standard: USEPA vs. OSHA
* Vapor intrusion concern: Current vs. Future
>> Negotiate wiregulator to ensure common sense approach

OTHER

ISSUES:
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» Expect the unexpected and be prepared to adapt the program to ensure that
adequate data is collected.

* More data is better, if the radon samples had not been collected, then the inability
to use positive pressure to turn “off” VI, would have resulted in inconclusive
results, requiring additional investigation and analysis and increasing costs.

RITS Spring 2011: Identifying Background
Sources at VI Sites



Presentation Overview

* Introduction
« Steps Leading to Background VI Evaluation
* Indoor Air Testing (Typical Program)

* Exploratory Data Analysis
- Primary Lines of Evidence
— Additional Lines of Evidence

* Forensic Methods and Multivariate Analyses

[> Case Studies T i
o — L Hill AFB, UT -

Building 514
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Case Study 3: Hill AFB Building 514

+ Use on-site analysis (HAPSITE) to evaluate vapor intrusion pathway
- 36 quantitative measurements plus survey mode

* Building 514 used to store hazardous [ by i
waste and recycle solvents * f

+ Chlorinated VOCs detected in =
subsurface with 100 ft of building: Building |§
1,1,1-TCE; PCE; 1,1-DCE; TCE e 8 514 S

* No prior investigation of indoor air = i
quality in building
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 Industrial site with potential for indoor sources.

» While no indoor air samples had been collected prior to the investigation, opted to
use on-site analysis to ensure that VI concerns were properly evaluated with a
definitive answer in a short period of time.
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Case Study 3: Preliminary On-Site Analysis (1 hr)

PCE Concentrations (ppbv)

* Results suggest PCE
source or entry point in
lab room

Storage and 5
Piaskiliis Arad: No other target analytes

0.07 detected

Building 514
Break
room:
0.17
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« Initial screening results show that the highest concentrations for PCE were found
in the lab room, potential indoor source or VI entry point.

RITS Spring 2011: Identifying Background
Sources at VI Sites



Case Study 3: Source Survey (10 min)

PCE-Specific Scan

* |dentified two potential
sources: waste container
and floor drain

* Prior lab test of waste in
container showed 70%

o

01:,,5‘ ' K’.m “ T T methylene chloride
/ \ * Non-detect PCE with high
[ wasTE conTaneR | detection limit
| FLOOR DRAIN + Building manager removed

waste container
* Floor drain sealed
* PCE in indoor air decreased
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» Two potential sources of PCE were identified and both were removed/sealed in
order to confirm no other significant sources of PCE on indoor air quality.
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Case Study 3: Building Depressurization

+ After source removal, PCE in building <0.1 ppbv in all rooms
* Use building depressurization to “turn on” vapor intrusion

+ Use fan in doorway to depressurize
(~12 hours prior to sampling)

¢ Uncover floor drain in lab room
+ Use HAPSITE to look for target VOCS in indoor air

* Use HAPSITE and radon meter to look for VI entry points (floor
drains, expansion joints, foundation cracks)
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» Since there were two potential sources of PCE, building depressurization was
used to turn “on” VI while unsealing the floor drain and keeping the waste
container removed. This would maximize the potential for VI at the floor drain
and other potential entry points.
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Case Study 3: Follow-up On-Site Analysis (1.5 hr)
PCE Concentrations (ppbv) * Very low PCE throughout
building
* No other target analytes
detected
Storage and 2
Processing Area: * No Vl entry points
0.03 identified
Building 514
Entry: 0.02
Brealc D" office 1:
it 0.03
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» After removal of the waste container, with VI turned “on”, concentrations
remained low and no VI entry points were identified.

» Conclusion, source of the initial screening results was the waste container.
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Case Study 3: Hill AFB: Lessons Learned

+ Real-time on-site analysis allowed for identification and
Indoor removal of indoor source of PCE

Sources « PCE concentration in indoor air decreased rapidly following
source removal

* No evidence of vapor intrusion under baseline or
depressurization conditions

* Floor drain in lab room had elevated radon and some PCE

Vapor Intrusion and 1,1,1-TCA, but no measurable effect on indoor air

« Two Summa samples collected at end of study confirmed
accuracy of HAPSITE results

KEY * On-site analyses allowed for definitive

POINT:  Vlinvestigation in a single day
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Presentation Overview

* Introduction

* Exploratory Data Analysis
- Primary Lines of Evidence
— Additional Lines of Evidence

* Case Studies
[> Summary ]

« Steps Leading to Background VI Evaluation
* Indoor Air Testing (Typical Program)

* Forensic Methods and Multivariate Analyses
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Take-Home Points

+ Building-Specific: Can vary by orders of magnitude
depending on what is in the building
>> Can’t compare measured concentration to
“background” number

VI Background

» Chemical-Specific: Big concern for some VOCs; less
concern for others
>> Plan investigation approach based on site-

specific COCs

« Best approach depends on: number of COCs, stakeholder
Investigation concern, building design, building access issues, sub-slab

Methods access, site complexity (e.g., preferential pathways), cost of
mitigation

KEY Approaches to VI background are rapidly evolving.

POINT: Be innovative. Think outside the box.

COCs = Chemicals of Concern
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