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Effectivensss of purge-and-trap for measurement of volatile
organic compounds in aged soils

Introduction

A critical requirement in the cleanup of contaminated soil sites
is an accurate determination of the nature and extent of soil
contamination. The EPA recommended: method (EPA/SW-846-5030A &
82602) for measurement of volatile organic compounds (VOCsz) in
soils is purge-and-trap (1). Under this protocel, organic«free
water containing internal standards and surrocgates is mixed with
8 soil sample and heated to 40°C. An inert gas is bubbled through
the solution at ambient temperature and the vapor pasged through
a sorbent column where the volatile components are adsorbed.
After purging is completed, the sorbent column ig heated and
backflushed with inert gas to desorb the components onto a gas
chromatographic column (1). Use of purge-and-trap to measure VOCs
in soil is baged on the assumption.that soil VOCs rapidly
equilibrate with soil water. Recent studies(2~5), however,
strongly questlon this assumption and indicate that soil
desorption is a biphasic process with an initial rapid surface
desorption followed by a much slower, diffusion-limited,
desorptive phase from the interlor of the scil matrix(2-4,6-11).

The biphasic nature of desorption casts doubt on the widely-used,
USEPA-recommended purge-and-trap method. When soil has been .in
contact with VOCg for a long time period (aged soilg), VOCs
diffuse into soil micropores, where they are unavailable for
purge-and-trap measurement. Except for a single study (3)
involving 1,2-dibromocethane (EDB}, the impact of soil aging on
the effectiveness of VOC measurement techniques is largely
unexplored. The present study focuses on the effectiveness of
three commonly used techniques for measuring VOC concentrations
in aged soils: purge-and-trap, methanol immersion, and hot
methanocl extraction. Since vapor extraction is a currently

- popular technique for removal of VOCs from soils, we subjected
one soil sample to air Strlpplng to evaluate the effect of vapoer
extraction on the extraction efficiency of purge-and-trap
measurements.

Experimeatal Procedure

Soils. Soil samples were obtalned from three geographically
distributed sites with a 10- to 20« year history of VOC
contamination. The Kentucky soil had high clay content with 100
ppb of trzchloroethylene The Louisiana soil wasg a silty loam
with 3000 ppb of Cis-1,1~dichlorcethylene and 6000 ppb of
Trichloroethylene. The Florida soil was silty, fine to very fine
sand containing methylene chloride at 240 ppb, benzene at 2 ppb,
toluene at 130 ppb, and chlorcform at 2 ppb.
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Sample collection. Soil samples were extracted with a hollow-
stem auger and split-spocn sampler. Undisturbed soil cores were
sealed in glass jars with minimum headspace and stored at 4°C on
arrival. At the start of each experiment, the sample core was
plugged and subdivided to obtain three 5-gram subsamples.
Subgsamples were extruded directly into VOA vials (Dynatech, Baton
Rouge, LA} and mixed with S ml of water containing internal
gtandards and surrogates before capping.

Measurements of VOCs. Contaminants were extracted from soil
samples by methods of purge-and-trap, methanol immersion, and hot
methanol extraction. Contaminant concentratlons wexe expressed as
microgram per kilogram of soil.

Purge-and-trap. Sample aliquots were purged using a Dynatech
PTA-30 auto sampler and a Tekmar (Cincinnati, OH) LSC-2 purge-
and-trap device. The trap was desorbed and measurement performed
with a Hewlett-Packard Model 5890/5571 GC/MS and EPA method 8260

(12,13).

Methanol immersion. Five ml of purge-and-trap grade methancl was
added to sample aliquots. The vial was capped as previously
described and vigorously shaken for 30 seconds to facilitate
wetting of the goil surface. A 50 micro liter (ul) aliquot of the
methanol was then removed and added to-5 micro liter (ml) of
water containing internal standards and surrogates. The water was
then subjected tec purge-and-trap and analyzed for the
concentration of chemicals by GC.

Hot methanol extraction, Hot methancl extraction was performed in
the same manner as methanol immersion except that, prior to
withdrawal of the aliquot of methanocl, the VOA vial was placed in
a 40°C ultrasonic water bath for 30 minutes. The wmethanol was
drawn and analyzed as described above.

Extraction following air stripping. The Louisiana sample was
mixed in a 7:3 ratio with calcium oxide to prevent solidification
during air stripping. The sample was then placed in a buchner .
funnel with 3 vacuum xunning from the bottom of the funnel
through a flask. Ambient air was passed through the sample using
a vacuum of 450-675 mm of mercury for one week. Occasienal mixing
of the soil was performed throughout this time. The soil sample
was divided into three subsamples and each was then subjected to
one of the three methods as previously described.

Regulta

Measurement results from the three different sites~--Kentucky,
Louisiana, and Florida--are presented in Table 1.
Trichlorocethylene was the only contaminant detected in the
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Kentucky soil (Table 1), with a purge-and-trap recovery only 42%
as compared to hot methanol extraction. Both Cis-1,1-
dichlorcethylene and trichlorcethene were detected in the
Liouisiana soil. Purge-and-trap recovery of these two contaminants
was only 7.4% and 4.8%, respectively, when compared to hot
methanel extractien method Four -compounds were identified in the
Florida soil: methylene chlcride, benzene, toluene, and .
chloroform, with purge-and-trap recovery 38.0% , 1.5%, 71. 2%,
1.5%, respectively, in comparison to hot methanol extraction.

Table 1: Comparigen of three methods ‘for measuring VOCs in

soilsg. _
. . . .
' seil Hot ﬂ ‘
TYpe & : ‘ Purge- -Hethanol methanol '
Component Compounda and--t:rap1 immersion! extraction!
I . (ug/kg) | (ug/kg) (ug/kg)
| Kentucky Trichloroethylene .
(elay) - 100 - 140 - 240
Louigiana || . Cis-1,1- . 3070 2600 41700
(silty dichlorocethylene :
loam) B
f . Trichloroethylene 5300 85000 121700
Florida Methylene - 240 530 - 630
(siley chloride ~ '
fine to |-
very fine Benzene 2 ' 110 150
gand)a : S
Teluene 120 240 270
' n Chloroform 2 110 , 130
e M

1.Average of three soil sample measurements

¢

Effect of air stripping. Contaminant concentrations for air-
stripped Louisiana soil are presented in Table 2. Purge-and-trap
detected levels of methylene chloride, Cis 1,1-dichloroethylene
and TCE at 58%, 4.l1%, and 5.6%, respectively, that of hot
methanol extraction. Comparison of these results with those in
Table 1 for Louisiana soils indicates that air stripping dees not
appear to affect the distribution of contaminants between the
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Table 2: Comparison of extraction methods for Louisiana soil

after one week of air stripping.

T —
. Purge=-and- Héthaucl Hot mathanol.
Cempound tzrap itmersion extraction
(ug/kg) (ug/kg) (ug/kg)
Methylene .
chloride 94 150 160
u . Cis-1,1- , :
dichloroethylene 86 3980 2110
HTrichloroethylene ,
310 5400 - 5500
| — et == - e

Discussioﬁ

Purge-and-trep is the EPA-recommended method (EPA/SW-846-5030A)
for measurement of VOCs in soils. Under the protocol, organic
free water is mixed with a soil sample and heated to 40° C. an
inert gas is bubbled through water and the concentration of
chemicals in the gas is measured with a gas chromatograph. This

‘method is only effective if VOCs in soils rapidly desorb from the

soil surface inteo surrounding water. Recent studies (2-2,8,14,15)
on the physical inaccegsgibility of contamination in soils suggest
that this may not be the case, particularly in long-contaminated
gsoils. It has been hypothesized that aging involves diffusion
into soil micropores, part1t10n1ng into soil organic matter,
strong surface adsorption, or a combination of these processes
(2,14,16,17) . Studies (6,18) indicate that 20-30% of
contaminat1on may be located in the interior of the soil matrix

.and thus inaccessible for purge-and-trap measurement. The purpose

of the present study was to compare the effectiveness of three
commonly used techniques for measuring VOCs in soils: purge-and-
trap, methanol immersion, and hot methanol extraction. We found
that purgé-and-trap consistently underestimated.the concentration
of VOCs in aged soils by factors ranging from 2 to approximately

@oos
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100. This consistent underestimation of soil concentrations
undermines EPA s attempt to remediate contaminated seils to
levels congistent with health-based cleanup standards.

The soil desorption process is known te involve two distinct
phases: a rapid desorption from the soil surface occurring within
24 h and a much slower diffusion-limited desorption from the
interiocr of the soil matrix occurring over a period of days to
yeaxs (5,19). This biphasic desorption pattexrn is most pronounced
in aged soils where a significant fraction of contamination is
located in the interior of the soil matrix. For example, despite
its high volatility and degradability, 1,2-dibromoethane (EDB), a
soll fumigant, was found (8) in agricultural topscil 19 years
after its last known application. The persistence of EDB.was
attributed to desorption half-times of 2-3 decades at 25%C (2).
For trichlorcethylene (TCE), a continuocus desorption study (10)
of long-contaminated soils revealed persistence of 18% of the
initial TCE concentration after desorption with 24000 pore
volumes of water. In a subsequent study (3) on simultaneocus
desorption of Trichloroethylene, tetrachlorcethylene, toluene,
and xylene, -a substantizl portion (48-94%) of the sorbed
contaminant mass resisted desorption after 7 days of contact
time. TCE soil concentrations at the Picatinny Arsenal were found
to be 1-3 orders of magnitude greater than predicted using soil-
gas concentrations and eguilibrium conditions (18). The present
study found the purge-and-trap, as compared to hot solvent
extraction, only recovered 42% and 4.8%, respectively, of TCE in
long-contaminated clays and silty loam soils.

Even in freshly spiked soils, desorption rates of pollutants can
be 1-3 orders of magnitude smaller than equilibrium predicted
rates (4). Clean soils spiked with halogenated aliphatic
hydrocarbons for 24 or 72 hours resisted desorption after 16

© extractions of 24 to 72 hours each (6). These observations bring
into question the occurrence of desorption equilibrium necessary
for validity cf the purge-and-trap measurements in the freshly
spiked and aged soils. :

Previcus analysis of EDB in long-contaminated soils has shown
that purge-and-trap is less effective than extraction at 75%
with organic solvents such as methancl, acetonitrile or acetone
(2,6.8), recovering less than 11% of the total EDE found by hot
solvent extraction(8). Our purpose in the present study was to
extend these results to a larger class of VOCs in aged field
samples. Hot methanol extraction proved to be more effective than
the EPA-approved purge-and-trap technique. For three long-
contaminated soils containing such VOCs as Trichloroethylene,
benzene, toluene, chloroform, methylene chloride, and Cis-1,1-
dichlorocethylene, recovery from purge-and-trap ranged between 1.5
up to 41% that of hot methanol extraction.

Slow desorption 1s recognized as a seriocus cobstacle to soil
remediation technologies(1l,14,20-23}. For such technologies as
pump and treat, vapor extraction, and bioremediation to be
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effective, soil contaminants must be accessible. To simulate the
effect of vapor extraction on the efficiency of the purge-and-
trap methodology, we subjected the Louisiana soil to a week of
air stripping. Purge-and-trap recovered only 58% of the methylene
chloride, 4.1% of the Cis 1,1-Dichlorcethylene and 5.6% of the
TCE that hot methanol extraction was able to recover. These

" resultg indicate the purge-and-trap is not a reliable method for
evaluvating vapor extraction as a remediation technology.

It 18 clear from the results of this and previous studies that
the best overall choice for measurement of soil VOCs is hot
methanol extraction, since this method yields a more accurate

. analysis, regardless of the age of contaminated soil. The VOC
data from three different sgoil typesg clearly demonstrate the
limitations of the EPA-approved purge-and-trap method, which can
bias analytical results by several orders of magnitude depending
on soil type and chemical properties. We suggest that EPA review
the use of purge-and-trap as a method for measuring VOCs in

soils.
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