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Diffusive Sampling (Passive Sampling)

a cost-effective and convenient sampling
method looking for new applications



Involves...

Underground Migration of Volatile Contaminants
to Indoor Air spaces
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Stored or
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Anficipate Underground Migration to Indoor Air spaces

Oldentity Underground Contaminant Plumes

Typically petroleum hydrocarbons and chlorinated solvents

OMake Contaminant Measurements
Subsurface or Sub-Slab Soil Sampling

Indoor Air Concentrations in affected buildings



O Most Populare

O Practical and Useful?e

INn Soil Gas Monitoring to Assess Vapor Intrusion



o 'Y | u A o j
[ Q y -“ \“; ;! s y ‘VA-", ’vr"- e ’ QW vy v nal | e y
hYe]| | vapor sam r@“ 1NA
- — ~ = e - = . ‘4 — o e _ :k‘ )

EPA TO-15 Using
Evacuated Cannister

Critical Issues when using
Active Sampling ...

Inert Tubing

Flow Contrailer
/_(s 200 ml/min)

S O m p | | ﬂ g R O Te Vacuum Gauge Main Valve

(if sampling low

SO” Permeghon ROTe permeabiity soil)

Sail Vapor Cannister

Ensure there are no leaksl!! B i

Hydrated
Bentonite Seal




Helium Summa and
flow controller

Helium pumped into
Tupperware shround
as a “leak tracer”.

If the yellow detector
picks up Helium the
system has leaks.
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Drawing A: Tracer Gas Detection

leak detector




O Popular Methods
O EPA TO-15 (Evacuated Canister, GC-MS)
O EPA TO-17 (Sampling Pump & Tube, TDA-GC-MS)

O Expensive Methods - Designed for ambient Air Sampling

O Soil Resistance to Mass Transport complicates Active Sampling
O Active Sampling perturbs equilibrium between Sub-Surface Air and Soill

O If sub-surface air is removed faster than soil can replenish ...
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Logistics

Economy,
Ease of Use

Soil Gas
Sampling

Sample
Duration

—)
—

m—

EPA TO-15
5-1 Steel Canister

Bulky

Complicated to
Own, Maintain

Active Sampling may
Perturb Soil Gas
Equilibrium

typically
4-24 hr

EPA TO-17
Pump & Tube

Requires Electricity

Complicated
To Operate

High Rate
Active Sampling will
Perturb Soil Gas
Equilibrium

typically
1-8 hr
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O Compact, Portable, Disposable, Inexpensive

No Electric Power Required
O Long Sampling Times (weeks) are practical
O Low Detection Limifs

When Long Sampling Times are Used

O Does Not Perturb Soil Gas Measurement as
much As Active Sampling does
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TECHNICAL EPA Methods DIFFUSIVE
REQUIREMENTS TO-15 and TO-17 SAMPLERS

Analyze Chlorinated
Solvents and Yes Yes
Hydrocarbons

Sample for
1-14 days

Up to 1 day 0.1-30 days

Yes
Measure
1-1000 ppb Yes For 7-14 day sample

Costly & Cost-Effective &
Ease of Use Complicated Convenient




ct 566
voc
Sampler
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Ground Surface
Slip Cap
Nylon line

Annular Seal
(bentonite slurry)

2-in PVC Pipe
Gasket

Passive Sampler

Stilts Supporting

PVC Pipe
Void Space
Borehole Wall

Not to scale



ASTM D7758 - 17 Standard Practice for Passive Soil Gas Sampling in

the Vadose Zone for Source Identification, Spatial Variability
Assessment, Monitoring, and Vapor Intrusion Evaluations

5.2.3 Vapor Infrusion Evaluation—Passive soil gas sampling can be used
to identity vapor migration and infrusion, with the data providing a line
of evidence on the presence or absence of the compounds in soill
vapor, the nature and extent in relation to potential receptors, and
whether a vapor pathway is complete. Sorbent samplers can be
placed beneath the slab or in close proximity to buildings to collect
time-integrated samples targeting VOCs and SVOCs at concentrations
often lower than can be achieved with active soil gas sampling
methods.



ASTM D7758 — 17 Standard Practice for Passive Soil Gas Sampling in
the Vadose Zone for Source Identification, Spatial Variability

Assessment, Monitoring, and Vapor Intrusion Evaluations

5.2.1 Source Identification and Spatial Variability Assessment—Passive
soil gas sampling can be an effective method to identify contaminant
source areas in the vadose zone and delineate the extent of
contamination. By collecting samples in a grid with fewer data gaps,
the method allows for an increase in data density and, therefore,
provides a high-resolution depiction of the nature and extent of
contamination across the survey area.



ASTM D7758 — 17 Standard Practice for Passive Soil Gas Sampling in
the Vadose Zone for Source Identification, Spatial Variability

Assessment, Monitoring, and Vapor Intrusion Evaluations

5.2.2 Monitoring—Passive soil gas samplers are used to monitor
changes in site conditions. An initial set of data is collected to establish
a baseline and subsequent data sets are collected for comparison.
The sampling and analytical procedures should remain as near 1o
constant as possible so significant changes in soil gas results can be
attributed to those changes in subsurface contaminant levels at the
site that will then warrant further investigation to identfify the cause.
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equilibrium

Equilibrium may be reached
after 1 or more weeks
depending upon

Sampling Rate

Sampler Capacity

Iransifien
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Diffusive Samplers ...

-
can also measure equilibrium concentrations
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O EPA championed the Use of TO-15 & TO-17

O but does not require their use

O Diffusive Sampler Champions Have Been Absent

O Work Funded by People with Deep Pockets

O Cost not as important

O Practitioners are Engineering Firms
O Already happy users of TO-15 & TO-17
O Used to Complicated & Expensive Stuff



O Diffusive Samplers more Cost-Effective & Convenient
O compared to TO-15 & TO-17

O Low Sampling Rates & Passive Nafure are Advantages
O Less perturbation of Soil Gas Equilibrium

O Small & Need no Power Source

O Can Sample for Days, Weeks, or Months



VAPOR INTRUSION BLDG MATERIALS FURNITURE, GLUES,
CLEANERS

HEATING/COOLING
COOKING HUMAN OCCUPANTS







B 1-1000 ppm Il 10 - 1000 ppb

B 100's of analytes Il Dozens of analytes

B 15 min-8hrsampling [l 1hr-1week sampling
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TECHNICAL
REQUIREMENTS

Analyze 100
Key Analytes

Sample for

1-14 days

Measure
10-1000 ppb

Ease of Use

| \ / ‘; SN SU T BV AN PR SN B m!-“ -
y y \ - &Y ) \
measuremenits

EPA Methods
TO-15 and TO-17

Yes

Up to 1 day

Yes

Costly &
Complicated

DIFFUSIVE
SAMPLERS

Yes

0.1-30 days

Yes
For 7-14 day sample

Cost-Effective &
Convenient




O Diffusive Samplers more Cost-Effective & Convenient
O compared to TO-15 & TO-17

O Low Sampling Rates Are OK w/ Long Sampling Times
O Small & Need no Power Source

O Can Sample for Days, Weeks, or Months



Finis






Vapor Concentration
Proportional fo...

Soil Concentration
X Vapor Pressure

-

Head A

Space
Cvaror

PPM

Raoult’s Law
Cvaror = VP X C sou



mh@{@ nitude of Indoor Air Contamination
arising from Underground Contamination

When chemical vapor pollution is present in
soil under houses or buildings, research has
shown that vapor levels inside the structure
are much lower.

Source:

Minnesota Pollution Chemical vapor levels in a house tend to be
Control Agency 100X to 1,000X less than what is present in

the soil beneath.
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To be safe, the MPCA and MDH assume
vapor levels inside the structure would
be 33X less than what's measured in the
soil beneath.




