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USE OF PASSIVE DIFFUSION SAMPLERS FOR MONITORING
VOLATILE ORGANIC COMPOUNDS IN GROUND WATER

Passive diffusion samplers have been
tested at a number of siteswhere volatile
organic compounds (VOC's) are the
principal contaminantsin ground water.
Test results generally show good agree-
ment between concentrations of VOC's
in samples collected with diffusion sam-
plers and concentrations in samples col-
lected by purging the water from awell.
Diffusion samplers offer several advan-
tages over conventional and low-flow
ground-water sampling procedures:

» Elimination of the need to purge a
well before collecting a sample and
to dispose of contaminated water.

* Elimination of cross-contamina-
tion of samples associated with
sampling with non-dedicated
pumps or sample delivery tubes.

e Reduction in sampling time by as
much as 80 percent of that required
for “purge type” sampling
methods.

* Anincreasein the frequency and
spatial coverage of monitoring at a
site because of the associated sav-
ingsin time and money.

The successful use of diffusion sam-
plers depends on the following three pri-
mary factors: (1) understanding site
conditions and contaminants of interest
(defining sample objectives), (2) validat-
ing of results of diffusion samplers
against more widely acknowledged sam-
pling methods, and (3) applying diffu-
sion samplersin the field.

INTRODUCTION

Methods for ground-water sampling
continue to evolve. With the advent of
low-flow and low-volume sampling
methods (Pohlmann and others, 1994;
and McFarlane, 1996), approaches have
been developed that seek to minimize

disturbance of the water column in the
sampled well and the entrainment of
large, locally mobile particul ates sus-
pended in the water sample. An exten-
sion of these low-flow sampling methods
was passive (no purge) sampling, and
specificaly, the use of diffusion sam-
plers (Vroblesky and Hyde, 1997). Dif-
fusion samplers work on the principle of
diffusion—chemical compounds dis-
solved in water move from areas of high
concentration outside the sampler to the
initially low concentration inside the
sampler until equilibration is reached.
These samplers are an effective tool for
collecting samples for analysis of chlori-
nated and aromatic VOC’ s because these
compounds can diffuse into the sam-
pler. The primary advantage of using
diffusion samplersisthe cost savings
associated with the reduced sampling
time. Because purging of the water in
the well is not required with diffusion
sampling, sampling time can be reduced
by 80 percent over methods that require
purging of the well.

Two types of passive-diffusion sam-
plers were used in previous studies—a
water-vapor diffusion sampler, and a
water-water diffusion sampler. Meth-
ods of construction and some applica-
tions of diffusion samplers are described
by Vroblesky and Hyde (1997), Vrob-
lesky and Robertson (1996), and Savoie
and others (1999). The water-vapor dif-
fusion sampler consists of a40 milliliter
(mL) glassvial enclosed in awater-free
sealable polyethylene bag. Concentra-
tions of contaminantsin the vapor phase
are not directly comparable to those in
the water phase (Mullaney and others,
1999) because of a number of factors,
including the physical and chemical
properties of the VOC’s and their inter-
action with the environment (the Henry’s
Law Constant can be used to help deter-
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Figure 1. A diffusion bag and sieve mesh
used to hold the bag inside a well.

mine the tendency of acompound to par-
tition between the water and vapor
phases).

Water-water diffusion samplers con-
sist of deionized, contaminant-free water
enclosed in polyethylene bags (fig. 1),
which are suspended in thewater column
of awell in amesh or slotted device next
to the well screen opening to the aquifer.
Contaminants in the well water, such as
chlorinated and aromatic VOC's, are
able to diffuse through the polyethylene
bag into the previously contaminant-free
water until the bag water and well water
reach equilibrium.

Diffusion samplers can be used to
increase the frequency of sampling and
coverage of wells or locations to be sam-
pled because of their time-saving bene-
fits. Diffusion samplersareideal for use
in wells that are to be sampled repeti-
tively, and diffusion sampling can be
used to compliment or augment collec-
tion of samples by more traditional
methods. Because of the speed of diffu-
sion-sample retrieval compared to purge
methods, concentrations measured
during a sampling round may more
closely approximate a snapshot in time
than concentrations measured in samples
collected by other methods.
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The diffusion-sampler method elimi-
nates the need to dispose of potentially
highly contaminated wastewaters pro-
duced by purge-type sampling methods.
Cross contamination of samplesis
reduced by use of diffusion samplers
because the contact with sampling equip-
ment from multiple wells also is elimi-
nated, unlike sampling conducted with
non-dedicated pumps, tubing, or bailers.

EXAMPLES OF USE

Water-vapor diffusion samplers have
been used successfully to collect samples
for analysis of VOC'sin areas where
ground water nears the surface, like
streams or lakebeds. Water-vapor diffu-
sion samplers were used by Vroblesky
and Roberston (1996) to collect time-
series VOC data and to monitor changes
in VOC concentrationsin ground water
discharging to surface-water bodies.
Savoie and others (1999) used water-
vapor diffusion samplersto delineate a
VOC plume discharging to the Cochato
River near the Baird and McGuire
Superfund Site in Holbrook, Mass.

Previous studies using water-water
diffusion samplersinclude those at sev-
eral Air Force Bases—Hanscom Air
Force Base in Massachusetts (Forest
Lyford, U.S. Geological Survey, oral
commun., 1999) and McClellan Air
Force Base in California (Parsons Engi-
neering Science, Inc., 1999). In both
these studies, concentrations of VOC's
detected in diffused water samples from
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unconsolidated and bedrock aquifer
wells compared favorably to concentra-
tionsin water samples collected in accor-
dance with low-flow, purging
procedures (U.S. Environmental Protec-
tion Agency, 1996). Vroblesky and
Hyde (1997) found that the concentra-
tions of VOC's—primarily tetrachloroet-
hylene (PCE), trichloroethylene (TCE),
cis-1,2-dichloroethene (cis-1,2DCE),
trans-1,2-dichloroethene (trans-1,2-
DCE), 1,1-DCA, and vinyl chloride—in
water-water diffusion samplersretrieved
at five bedrock wells during one round of
sampling were within 10 percent of
results from samples retrieved by sub-
mersible and bladder pumps and bail-
ers. Harte and others (in press) found
that PCE, TCE, and cis-1,2DCE concen-
trationsin water-water diffusion samples
from wells tapping unconsolidated aqui-
fers, had a strong positive linear correla-
tion (root-mean square (Rz) of 0.94 or
more) with concentrations measured in
purged samples collected by low-flow
procedures.

LIMITATIONS OF USE

Equilibration between the water-
water diffusion sampler and well water is
critical to ensuring that a representative
sampleisretrieved. Thetimeto reach
equilibrium can vary for each type of
VOC and whether a water-water or
water-vapor diffusion sampleis being
used. Harte and others (in press) found a
poor natural log (Ln) correlation (R2 of
0.15) between the length of time the
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Figure 2. Comparison between deployment time of diffusion sampler and difference of
measured concentrations of tetrachloroethylene from diffusion samples and purged samples.

water-water diffusion samplerswerein
the well (called deployment time), for
deployment times exceeding 7 days, and
the percent concentration differences of
PCE between purged and diffusion sam-
ples. A graph of the comparison showsa
wide variation in concentration differ-
ences of PCE relative to deployment
time (fig. 2). Thusthe effect of deploy-
ment time is not observable, possibly
suggesting equilibrium was reached.
The scatter of data points on the graph
suggest differences are caused by factors
other than the time required for equili-
bration.

Water-water diffusion sampling may
not be an effective sampling method for
al VOC's. Those compounds that have
low-vapor pressures and(or) extremely
high solubilities may not reach equilib-
rium between the water column and the
contents of the sampler within a reason-
able time frame (Paul Hare, General
Electric Co., written commun., 1999).
For exampl e, acetone was observed not
to reach equilibrium after 10 days,
whereas most of the chlorinated solvents
reached equilibrium within several days.

Well hydraulics, well construction
features, and the natural circulation of
water into the well from the aquifer
should be considered when evaluating
the probable effectiveness of water-
water diffusion sasmplersin collecting
representative ground-water samples. If
the natural circulation in the well pre-
vents an adequate exchange of water
with the aquifer, then the water within
thewell will not be areliableindicator of
VOC concentrations in the aquifer.
Wellswith clogged openings and screens
should be avoided for diffusion sam-
pling. Stratification of the water within
the well is also a consideration when
using water-water diffusion samplers
and comparing results to purged sam-
ples. Diffusion samples have a minimal
effect on water circulation within awell
and thus preserve any stratification of
water, whereas purging can induce verti-
cal mixing of the water.

Results of analyses of samples col-
lected with diffusion samplers should be
validated against analyses of samples
collected by other sampling methods
before diffusion sampling isapplied in a



field-sampling program. Analyses of
water-vapor diffusion samples cannot be
directly compared to those of samples
collected by other water sample meth-
ods, however, because of the difficulty
of correlating vapor and water concen-
trations. In contrast, results of analyses
of water-water diffusion samples can be
validated by other water-sampling meth-
ods. Testing of diffusion samplers
involves comparing results of VOC anal-
yses of water collected from diffusion
samplers with analyses of purged sam-
ples. The selection of “purged type”
methods to validate diffusion results
(specifically pumps), should be made on
the basis of site conditions and testing
objectives because pump performances
in the collection of water samples for
analyses of VOC’s are not unique
(Imbrigiotta and others, 1988).

Similarity in VOC concentrations
between analyses of samples derived
from diffusion samples with samples
collected from standard |ow-flow
methods suggest that diffusion samplers
are adequate in sampling for VOC's.
Differencesin results, however, may
also suggest an acceptable test if sam-
pled water from the two methods are
derived from different zones in the aqui-
fer. Therefore, identification of differ-
ences may not constitute a rejection of
the use of diffusion samplersin asam-
pling program. With this possihility, it
may be difficult in some cases to deter-
minethe accuracy of diffusion sampling.

Water-water diffusion sampling is
relatively untested for monitoring of
water concentrations of VOC's less than
10 micrograms per liter (ng/L). At these
trace levels, conventional or low-flow
sampling methods should be used in
addition to diffusion sampling.

STEPS IN USE OF DIFFUSION
SAMPLER

A three-step process for using diffu-
sion samplersincludes (1) defining sam-
pling objective(s), (2) validating sampler
results, and (3) applying the use of the
sampler in the field.

Defining Sampling Objectives

Aswith all sampling programs, the
objectives in monitoring must be clearly
defined and understood in order to evalu-
ate the feasibility of using diffusion sam-
plersat asite. Factorsto consider
include the types of chemicalsto be
monitored, number of sampling sites and
frequency of sample collection, well
hydraulics, and well construction.

Diffusion samplers are effective only
for sampling VOC's, specifically chlori-
nated and aromatic compounds, because
of the diffusive properties of these com-
pounds. Water-quality indicators that
are used to identify natural attenuation
and biodegradation pathways of a con-
taminant plume (Wiedemeier and others,
1998) need to be sampled using purge
sample methods.

Validating Sampler Results

Validation of water-water diffusion-
sampl e results with established and
accepted sample methods is necessary
because of the potential variability in
results. If results from diffusion sam-
plerswill be used to substitute results
from another sampling method, some
form of validation will berequired. If
results will be used in a reconnai ssance
mode, then detailed validation is
optional.

The procedures for validating results
of analyses of diffusion samples with
results of analyses of purged samplesare
fairly simple. The diffusion sampler is

placed in the well for a deployment
period that will allow for adequate equi-
librium of the samples with well water,
and then retrieved. Most studies

(Paul Hare, written commun., 1999) use
a deployment period of 2 weeks, but
equilibrium of certain compounds may
take lesstime. After retrieval, a purged
sampleis collected and results of analy-
ses of both samples are compared. Harte
and others (in press) found that although
concentrations of VOC' s changed during
the deployment periods, the diffusion
sampler concentrations were similar to
the concentrations of purged samples at
the time of retrieval indicating that the
diffusion sampler provided a contempo-
raneous measurement of VOC. There-
fore, the diffusion sample did not
integrate concentrations over the deploy-
ment period and thus, simplified the
comparison of results from the different
sampling methods.

In most wells with short screens or
short openings, asingle diffusion sam-
pler is deployed (normally at the mid-
point of the screen or well opening) and
checked against one purged sample (col-
lected from the same depth interval). In
wells with long screens or openings,
depending on patterns of water-well cir-
culation under unstressed and stressed
conditions, multiple diffusion samplers
could be deployed vertically, and results
of analyses checked against a corre-
sponding number of analyses from
purged samples.

An example of the correlation of
results of analyses of diffusion samples
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Figure 3. Results of laboratory analyses for tetrachloroethylene (PCE) in samples collected

by diffusion and purge methods.
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Figure 4. Example of monitoring for volatile organic compounds from diffusion samples.

with those of purged samplesisshownin
figure 3 for concentrations of PCE. The
linear regression between concentra-
tions from the analyses of the two sam-
ple methods produced a root-mean
square of 0.966, indicating that diffusion
samples and purged samples are strongly
correlated when collected contempora-
neously after a 1- to 8-week deployment
period for the diffusion samples.

Applying Samplers to the Field Program

Large reconnaissance and repetitive
sampling programs at sites with rela-
tively high concentrations of VOC's
(greater than 50 ng/L) may benefit from
the use of diffusion samplers. Repetitive
and high-frequency sampling may allow
for identification of short-term chemical
transport effects. An example of
detailed time seriesdataof VOC'sin a
bedrock well is shown in figure 4.
Results of analyses of samples collected
by water-water diffusion samplers show
adecrease in the primary VOC (PCE)
but increases in secondary or daughter
products of PCE (TCE, and cis-
1,2DCE), which occur during the pro-
cess called reductive dehal ogenation
(Chapelle, 1993). The high-frequency
times-series data collected by this
method allowed for the quantification of
degradation activity in the bedrock aqui-
fer system.

—By Philip T. Harte, Michael J. Brayton,
and Wayne Ives?
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