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TCE in background air (residential)

Reference: Background Indoor Air Concentrations of Volatile Organic Compounds in 

North American Residences (1990-2005): A Compilation of Statistics for Assessing 

Vapor Intrusion, June 2011, EPA 530-R-10-001

Number of studies = 14

Number of samples = 2503

% Detections = 42.6%
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TCE in background air (commercial/public buildings) where VI 

is not expected  (1994 – 1998)

Reference: Building Assessment Survey and Evaluation (BASE) Study,
http://www.epa.gov/iaq/base/

http://www.epa.gov/iaq/base/
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Sampling/Screening Tool
Indoor Air/
Outdoor Air

Sub-slab /
Soil Gas

VI 
Preferential

Pathway 
Screening

Background
Source 

Screening

Summa Canisters

Passive Samplers

HAPSITE Portable GC/MS

Glass Vials/Syringe

Tedlar Bags

PID/FID

Well suited in most cases

Suited in some cases

Not suited in most cases

Comparison of VI Sampling and Screening Tools
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Tube

Badges

Permeation Membrane

(Waterloo Membrane Sampler)

Radial

(Radiello)

Passive sampling devices

Courtesy of Heidi Hayes

Reference: Passive Samplers for Investigations of Air Quality, USEPA 

Engineering Issue Paper, 2015 (in process)

8Courtesy of Heidi Hayes

Passive Sampling Concept
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Passive Sampling Concept

Courtesy of Heidi Hayes
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Passive Sampling Sorbents

Courtesy of Heidi Hayes
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Passive Sampler Selection

Courtesy of Heidi Hayes

TD = thermal desorption

SE = solvent extraction

12Courtesy of Paul C. Johnson, Arizona State University
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13Courtesy of Paul C. Johnson, Arizona State University

TCE in indoor air under natural conditions

14Courtesy of Paul C. Johnson, Arizona State University

Simulation of Indoor Air Sampling Plan Effectiveness
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16Courtesy of Paul C. Johnson, Arizona State University

[ 
µ

g
/m

3
 ]

[ 
µ

g
/m

3
 ]



5/22/2015

9

17

[ µg/m3 ]

CPM results >> long-term 

average natural conc.

CPM results ~ max. natural 

conc.

No false negatives in CPM 

results

Controlled Pressure Method (CPM) test at Sun Devil Manor

Courtesy of Paul C. Johnson, Arizona State University

“the CPM results were a reliable indicator of VI 

occurrence and worst-case exposure regardless of day 

or time of year of the CPM test”

18Courtesy of Paul C. Johnson, Arizona State University
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19Courtesy of Paul C. Johnson, Arizona State University

20Courtesy of Paul C. Johnson, Arizona State University
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Controlled Pressure Method for an industrial building using 

HAPSITE portable GC/MS (real-time VI assessment of a 

10,000 ft2 manufacturing space)

22



5/22/2015

12

23

Initial conditions
Normal HVAC operations, room ~neutral pressure

24

Test conditions:
Shutdown HVAC supply air, and 

activate exhaust fans, neg. 

pressure in room

PCE/TCE increase
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Post-Test conditions:
Shutdown exhaust fans, and 

restore supply air, neutral 

pressure in room

PCE/TCE return to 

initial levels
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Response of indoor VOC levels to change in room pressure: 

negative pressure = higher VOC levels

Results indicate VI rather than interior VOC source.

Sample location IDs



5/22/2015

14

27

Identifying the vapor entry points:

Expansion joints in floor slab

1900 / 1700

6100 / 6600

3600 / 1300

1100 / 240

2600 / 1300

28

In 1 day of real-time assessment:

• Obtained and analyzed 27 samples using the HAPSITE® GC-MS 

• Established baseline indoor air VOC conditions

• Using CPM and without sub-slab sampling, confirmed that baseline 

conditions were due to vapor intrusion, not interior sources

• Identified the vapor entry pathways (i.e. the expansion joints), which 

suggested a remedial solution (re-caulking/sealing the joints) 
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Hapsite set up on mobile cart in laundry room

Sniffing for VI from cracks under rugs

• Analyzed ~80 samples over 2 days 

in 25 apartments

• Analyzed household products, art 

supplies, and potential VI pathways

Results:

PCE due to art supplies.

TCE due to VI through floor cracks.

Distinguishing background from VI: Is it 

VI or art supplies? PCE and TCE in indoor air in 

former mill building converted to 

apartments (artistic residences)

Courtesy of StoneHill Environmental

30

Hypothetical Cost Comparison*: VI assessment of 20,000 sq ft building

* Cost estimates are for relative comparison and do not include other items likely common to both 

approaches, such as report preparation, project management, and QA/QC
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HVAC Basics: Most large buildings are designed with multiple 

HVAC zones served by air handling units (AHUs)

330,000 sq.ft. industrial bldg

Rooftop AHU

AHU Basics
• Supply fan: moves air, creates +/- pressure

• Return fan: re-circulates/recycles and exhausts air

• Dampers: adjusts air flow through ducts

• Coils: heat or cool air

Qbldg

V= Volume

Cindoor = indoor concentration

Qbldg = bldg air flow

Air exchange rate,
1

3

3 min

1

601

min
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
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










 hr

hrft

ft

V

Q
AER

Mass load from VI ≈ Qbldg x Cindoor = AER x V x Cindoor [g/day]

1 to 4/hr is typical

V, Cindoor
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Things to look for when evaluating VI vulnerabilities in large buildings

 AHU/Airflow Balance:

 HVAC equipment/components in 
contact with the floor slab

 Building-wide plenum for return air 
(often above ceilings or beneath 
raised flooring).

 Areas of “dead” or low AER/ACH 
(vacant areas, storage areas)

 Areas of potential low air pressure 
(mechanical rooms, fan rooms, 
laboratories, kitchens)

 Variability of HVAC operations 
(nightly and weekend turndown, 
outside air damper position –
economizers, operator over-rides)

AHU Balance = Outdoor Air - Relief Air – Exhaust = + or -

33

 Alternate pathways – cracks, joints, sumps, pits, 
trenches, etc.

34

Challenges of Assessing and Mitigating Large Buildings

• Size and volume of building

• Heterogeneity of sub-surface contaminant presence

• Complex foundation and infrastructure

• Confounding influence of HVAC design and operations
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• 100,000 sq. ft. footprint

• TCE used in 1960s and 1970s

• Subsurface TCE presence indentified in 1990s

• Groundwater at depth of 3 to 5 feet below slab

36

VI Investigation Components

1. HVAC system review 2. Real-time indoor air screening 

using a portable GC-MS (HAPSITE)

3. Targeted screening 

for VI pathways
4. Sub-slab gas and differential 

pressure monitoring
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HVAC System Review
• 7 zones

• AHU rooms at lower pressure

• Air exchange of 0.9/hr (avg)

• Total outside air flow ~15,600 cfm

38

Indoor air screening with portable GC-MS
• 62 samples during 2 days

• TCE ranged from 15 to 690 ug/m3 (median of 71) 
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TCE mass load = Qbldg x Cmedian

= 15,600 cfm x 71 ug/m3

= 0.1 lbs/day (0.05 kg/day)

40

Return air flow

Identifying the vapor entry pathways:

Air handler unit rooms under negative pressure

Floor trench (TCE ~ 2700 ug/m3)

TCE ~ 3,200 µg/m3

TCE ~ 4,600 µg/m3

Targeted screening of interior storm drain manholes

TCE ~ 2,700 µg/m3
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Depressurization of floor trenches
• 1,200 linear ft of trench

• 6 ventilation ports

• Depressurized to 0.01 inches water column

• 500 cfm or 0.4 cfm/ft

42

Depressurization of manhole headspace
• 4 manholes

• Depressurized to 0.01 inches water column

• 50 cfm/manhole

Original 

double-door 

hatch

Vent pipe for 

depressurization 

between covers

New internal 

cover under 

original hatch
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Sub-slab Vapor Extraction
• 26 extraction ports

• 170 cfm total flow

44

Mitigation Performance Results
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Mass load based on pre-mitigation median indoor 

TCE level = 0.1 lbs/day

TCE Mass Removal

46

Introduction to Mass Flux Concepts for VI Assessment

Courtesy of Helen Dawson



5/22/2015

24

47

Introduction to Mass Flux Concepts for VI Assessment

Courtesy of Helen Dawson
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Introduction to Mass Flux Concepts for VI Assessment

Courtesy of Helen Dawson
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Introduction to Mass Flux Concepts for VI Assessment

Courtesy of Helen Dawson
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Summary

Vapor intrusion can be variable in time

(Sun Devil Manor, Indianapolis Duplex).

But most of the variability at SDM was

attributable to an alternate VI pathway!

For residences, one-time 24-hr sampling has a high 

probability of missing short-term, episodic VI.

To address variability, consider:

 Long-term passive sampling

 Controlled pressure method (CPM) testing

 Real-time sleuthing for background sources and 

alternate VI pathways (e.g., drain pipes) using 

portable GC/MS
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VI assessment of commercial/industrial buildings 

should consider:

 HVAC system air flow/pressure balance of 

building

 Negative pressure areas - equipment in

contact with floor, return air configuration

 Dead/stagnant zones (vacant or storage areas)

 Plenums that can mix/distribute VOCs 

throughout building

 Physical VI vulnerabilities (cracks, sumps, 

trenches, elevator pits, etc.)

Summary (cont.)

52

Mass flux estimation offers another (possibly better) approach 

to predict VI, and for developing exit strategies for mitigation

Summary (cont.)
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