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Abstract

The losses of trichioroeitylene (TCE) from soll samples transferred fo and from
a storage boitle were evaluated by comparing them lo values obkained using a
method that limits sample disruption and exposure and prevents vapor losses
from a subsample after a singls fransfer step. The results strongly suggest that
volatile organic compounds (VOCs) are readily lost from confaminated soils
when care is not taken 1o limit surface area exposure and prevent vapor loss.
For this site investigation and others using similar sample handling protocols,
VOC losses are most abundant during field collection operations and storage.
The magnitude of the VOC losses during these fwo steps far exceeds those
anticipated when a subsample Is transferred from these storage bottles prior to
off-site laboratory analysis.

For conversion of S metric unifs fo U.S./British customary units of measurement
consult Standard Practice for Use of the Infemational Sysfem of Unifs (SI), ASTM
Standard E380-89q, published by the American Soclety for Testing and Mater-
lals, 1916 Race St., Philadelphia, Pa. 19103,

This report is printed on paper that conkains a minimum of 50% recycled
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Losses of Trichloroethylene from Soil
During Sample Collection, Storage and Laboratory Handling

ALAN D. HEWITT

INTRODUCTION

This site investigation was undertaken soon
after high (ppm) levels of trichloroethylene (TCE)
were found in industrial service wells located at
the Cold Regions Research and Engineering Lab-
oratory in Hanover, N.H. The main objective of the
subsequent field studies was to identify point
sources and the extent of subsurface contamina-
tion. Phase I of this site investigation was per-
formed during the winter of 1991-92 and Phase I
during the summer of 1993. Under the supervision
of the U.S. Army Environmental Center (USAEC),
numerous vadose-zone soil samples originating
from the same drill core (co-located) were taken
during Phase I and II field sampling exercises.
Coupling research with site investigation activi-
ties authorized by government agencies (USAEC,
the U.S. Environmental Protection Agency and the
State of New Hampshire) has allowed us to study
alternative sampling and analysis procedures. This
report covers some of the findings for Phase IL
Reports covering the research efforts associated
with Phase I can be found elsewhere (Hewitt 1992,
1993; Hewitt et al. 1993; Hewitt, in press; Hewitt
and Shoop, in prep.).

The Phase II work plan specified that 14 bore-
holes be drilled to depths of at least 15 m (50 ft).
These vertical holes were drilled using conven-
tional hollow-stem auguring, and subsurface soil
samples were taken every 1.5 m (5 ft) from split
spoons. Of the ten or more samples collected dur-
ing the drilling of each borehole, only four were
shipped off site for laboratory analysis. Many of
the remaining soil sample storage bottles filled by
the siteinvestigator wereavailable for on-siteanal-

ysis. In addition to these subsamples a large quan-
tity of co-located subsampies were collected using
a limited disruption and exposure method. Sam-
ples collected by both of these methods were ob-
tained simultaneously, immediately after a split
spoon was opened.

The collection of soil samples by the site inves-
tigators followed the commonly accepted practice
of filling a bottle to near capacity for shipping and
storage. Protocols that require the soil to be han-
dled twice and stored in a bottle with little head-
space are suspect (Urban et al. 1989, Hewitt 1992).*
Often the utensils (i.e., spoons, paint scrapers,
trowels, spatulas and wooden tongue depressors)
used during the transfer of soil to and from the
storage bottle fail to maintain the sample’s struc-
ture. This process allows the soil to fracture and
exposes a random amount of surface area, which
facilitates the release of weakly sorbed and phys-
ically trapped volatile organic compounds(VOCs).
In addition, filling a bottle to near capacity inevi-
tably soils the sealing surfaces. making leaks pos-
sible. During Phase I of this site investigation this
transfer to and from storage bottles was shown to
cause TCE concentration losses that averaged 95%
compared to concentrations found in co-located
subsamples obtained by a limited disruption and
exposure method (Hewitt 1992, in press). In our
earlier study, subsampling variability (within a
split spoon), holding time for samples held in
vapor-tight vessels, instrumental calibration and
method of analysis were ruled out as the principal
reasons for this large discrepancy.

* Also personal communication, T.M. Spittler, U.S. Environ-
mental Protection Agency, 1989.




" Theintent of the Phase I study is to closely eval-

uate the losses of TCE that occur when following
the site investigator’s sample-handling protocols.
Thisstudy specifically addressed the extenttowhich
TCE is lost when the site investigators collect soil
samples in the field, while the samples are stored
and when subsamples are transferred and weighed
in preparation for off-site laboratory analysis. This
evaluation highlights the TCE concentration dis-
crepancies that exist when samples collected by this
currently accepted procedure are compared to val-
ues obtained by using a limited disruption and
exposure method. The findings of this study apply
to most hazardous waste site investigations that
use the commonly accepted practice of transferring
soil to and from a storage bottle prior to the deter-
mination of VOC concentrations.

SAMPLING METHODS

Borehole drilling

Conventional hollow-stem auguring and split-
spoon (60- x 4.4-cm) coring was used to obtain sub-
surface soils to profile VOC and total petroleum
hydrocarbon (TPH) concentrations. The Phase II
work plan required that these boreholes be drilled
to a depth of at least 15 m (50 ft), and beyond if
VOCs were detected. Field screening for VOCs was
performed by partially filling a glass bottle, cover-
ing it with aluminum foil, shaking it and then
poking a hole in the cap and sampling the head-
space with a handheld instrument (PhotoVac).
When photoionizable compounds weredetected in
the bottle’s headspace, the borehole was continued
to a depth where either VOCs were not detected or
the hole was within 3 m (10 ft) of the water table.
Upon completion of a borehole, subsamples from
only four of the ten or more split spoons sampled
were selected for off-site laboratory analysis.

Sample collection

Upon the retrieval of a split spoon, the site in-
vestigators completely filled two i zntical 4-0z
wide-mouth (3-cm-diameter) bottles equipped with
Teflon-lined lids, one each for the analyses of VOCs
and TPH. In addition to the wide-mouth, 4-0z
bottles, two wide-mouth, 8-0z glass bottles were
partially filled, one for geological characterization
and the other for VOC screening. All bottles were
labeled ahead of time, and the VOC sample bottle
was filled first or simultaneously with the TPH
bottle, depending on the number of site investiga-
tors.

The soil was transferred to these bottles using

either a stainless steel paint scraper or a garden
trowel. Neither of these utensils fit inside the mouth
of the storage bottles, so the site investigators often
had to push the soil into the container using their
fingers, which were covered with plastic gloves.
During the process of cutting into the soil core and
transferring the sample, the native soil structure
easily fractured into randomly sized aggregates,
and the storage bottle’s neck and brim became
soiled. After filling the storage bottle, the investiga-
tors tried to wipe the closure surfaces clean with
either a gloved hand or paper towel. With this col-
lection method a storage bottle was usually filled
and capped in less than 30 seconds. Once split-
spoon subsampling was completed, the two soil-
filled 4-0z bottles were placed in a cooler with ice
until the borehole was completed and a decision
was made regarding which samples would be sent
for off-site laboratory analysis.

Limited disruptive and
exposure sampling method

Obtaining su>samples using a single, less-dis-
ruptive soil subsample transfer and immediate on-
site isolation from vapor losses is known as the
limited disruption and exposure (LDE) method. A
10-cm3tipless plastic syringe (1.6-cm 0.d.) was used
to transfer the material with minimal structure dis-
aggregation and exposure (Lewis etal. 1991, Hewitt
1992).* This device removes an intact plug of soil
from a freshly exposed surface and fits into the
mouth (1.8-cmi.d.) of a40-mL volatile organic com-
pound analysis (VOA) bottle. Before the syringe is
pushed into the split-spoon soil core, the plunger is
set, allowing the cylindrical barrel to be filled with
2-3 cm® of material. After a subsample is extracted
from the split spoon core, the external surface of the
syringe is wiped with a clean paper towel, then the
plug of soil is dispensed intoa VOA vial by depress-
ing the plunger. Frequently the plugs of soil re-
mained intact during this transfer operation. To
isolate the subsamples upon collection, this study
used preweighed VOA vials equipped with Teflon-
lined silicone septum caps and containing 30 mL of
Type 1 water Milli Q, Millipore Corp.). These bot-
tles were then reweighed to obtain the actual soil
sample weight. Subsamples prepared in this fash-
ion were ready for headspace gas chromatography
(HS/GC) analysis. Subsample collection was coin-
cident with the site investigators’ subsample collec-
tion and took about 5 seconds to perform.

* Also personal communication, T.M. Spittler, U.S. Environ-
mental Protection Agency, 1989.




EXPERIMENTAL DESIGN

Several different evaluations were performed to
assess the extent of TCE losses that could be at-
tributed to each of the three main handling steps
(field collection, storage and laboratory subsample
transfer) that transpire before soil subsample anal-
ysis by an off-site laboratory. All evaluations used
the sample storagebottles thathad been filled by the
site investigators. When these samples were com-
pared to co-located samples collected by the LDE
method, subsamples removed from the storage bot-
tles were visually classified as wet, clumped or
fractured, and the storage period wasrecorded. The
subsamples were classified as wet if there was stand-
ing water, as clumped if there were large soil aggre-
gates (>1 cm) or as fractured if there were no soil
aggregates (the sample conformed to container’s
internal volume).

The first evaluation compared the TCE concen-
trations in subsamples removed from the storage
bottles to those of co-located subsamples collected
with the LDE method. Single subsamples were re-
moved from the site investigators’ storage bottles
that were classified as clumped or fractured. Three
subsamples were periodically removed overan 11-
day period from those classified as wet. The transfer
of subsamples from these bottles was performed us-
ing a tipless 10-cm>syringe and the same procedure
used in the field for the LDE method. This compar-
ison assumes that the concentration of TCE in a split
spoon when it was first opened was fairly homoge-
neous. During Phase I, multiple subsamples were
taken from several split spoons to establish the vari-
ability for this site. These subsamples collected with
the LDE method showed TCE variations of less than
a factor of three (Hewitt 1992, in press).

In another evaluation, six randomly chosen stor-
age bottles were emptied of their soil contents.
Three were completely washed, removing all visi-
ble soi' from the bottle and cap, while the others
were only partially washed, removing only the soil
from the bottle’s interior surface. These bottles,
which each have a total capacity of 135 mL, were
then filled with 125 mL of water, then spiked witha
1.00-mL solution containing four VOCs (trans-1,2-
dichroloethylene, trichloroethylene, benzene and
toluene) and tightly capped. After five days of stor-
ageat4°C, thebottles were opened one ata time and
a5.00-mL aliquot was transferred toa VOA vial con-
taining 25 mL of Type 1 water for HS/GC analysis.
These first three experiments were performed to
assess the extent of TCE reduction caused by the col-
lection procedure and the subsequent storage con-
ditions.

To assess the extent of VOC losses that might’
occur when subsamples are removed for labora-
tory analysis, ten subsamples were removed from
two storage bottles containing clumped soils. The
bottle for borehole B at 15-17 feet was subsampled
three days after collection, and the bottle for bore-
hole G at 45-47 feet was subsampled seven days
after collection. Subsamples were removed in an
alternating sequence, five using a tipless 10-cm®
syringe and five using a stainless steel spatula.
Those transferred with the syringe were immedi-
ately placed into a VOA vial containing 30 mL of
water and sealed; subsamples transferred with a
spatula were placed into an empty VOA vial and
weighed, and then 30 mL of water was added. The
subsamples transferred with a spatula were ex-
posed for three minutes to simulate the time it
would take to transfer soil subsamples to a tared
vessel, weigh it and then take it to an instrument for
purge-and-trap analysis.

ANALYSIS

All of the soil subsamples weighed between 2
and 4 grams, and TCE concentrations were ob-
tained by aqueous extraction HS/GC analysis
(Kaing and Grob 1986, Hewitt et al. 1991). Prior to
removing headspace samples with a gas-tight
syringe (Hamilton), the VOA vials were vigorously
hand shaken for two minutes, allowing them to
reach equilibrium. Refrigerated samples were al-
lowed to warm to room temperature prior to agita-
tion and analysis. This method of analysis provides
results that are oftenin good agreement with purge-
and-trap gas chromatography mass spectrometry
(PT/GC/MS) for the analysis of VOCs in low-
organic-carbon soils (Hewitt et al. 1992).

RESULTS

Table 1 contains the results for samples collected
with the LDE method during Phase II having TCE
concentration estimates above 0.003 jg/g and for
the respective co-located samples collected by the
site investigators. The corresponding log-log plot
of these co-located sample values (Fig. 1) includes
the axis of theoretical agreement (solid line) and
order-of-magnitude intervals about this axis
(dashed lines).

Figure 1 clearly shows that the samples collected
with the LDE method were consistently higher in
TCE. In comparison, nearly half (25 out of 60, or
42%) of the subsamples removed from the storage
bottles were below detection (0.003 ug TCE/g),




Table 1. Trichloroethylene concentrations for co-located subsamples
collected by the site investigators and stored between 1 and 6 days
compared to concentrations established with the LDE method.

Holding
Depth LDE* DT&SB! time Soil DT&SB x 100%
Borehole () (g TCER) (Wg TCER)  (days) type LDE
A 29-31 0.17 0.14 1 wet 82
A 44-46 0.015 0.0092 1 wet 61
B 10-12 53 0.075 1 fractured 14
B 45-47 3.0 0.019 1 fractured 0.63
C 15-17 25 0.24 2 clumped 9.6
C 30-32 38 0.20 2 clumped 53
C “-42 24 0.87 2 clumped 36
C 50-52 21 0.064 2 clumped 30
C 55-57 14 0.58 2 clumped 41
D 15-17 095 v.75 2 clumped »
D 30-32 87 0.092 2 clumped 11
D 37-¥ 10 49 2 clumped 8
D 4547 27 0.25 2 clumped 9.3
D 50-52 10 0.13 2 clumped 13
E 9-11 0.41 0.017 3 clumped 41
E 19-21 20 0.057 3 fractured 28
E 24-26 1.7 0.633 3 wet ¥
E »¥»41 1 0.015 3 fractured 0.14
E 49-51 12 <0.003 3 fractured -
B 59-61 0.15 <0.003 3 fractured -—
E 64-66 34 <0.003 3 fractured -~
E 69-71 0.37 <0.003 3 fractured -
B 74-76 022 <0.003 3 fractured -
E 79-81 0.63 <0.003 3 fractured -
E 104-106 1.0 0.014 3 fractured 14
E 114-116 0.62 <0.003 3 fractured -
F 15-17 12 0.015 3 clumped 12
B 25-277 89 0.093 3 clumped 1.0
F 35-37 43 0.14 3 clumped 33
F 042 21 0.088 3 clumped 42
F 45-47 17 0.051 3 clumped 3.0
G 15-17 21 0.011 4 fracture:’ 0.52
G 20-2 38 0.21 4 fractured 0.55
G 25-27 26 0.77 4 clumped 30
G 032 7 0.85 4 clumped 11
G 35-37 130 41 4 clumped 3.2
G 547 3 59 4  clumped 19
G s0-52 17 0.031 4 0.18
G 55-57 73 18 4 fractured 25
G 65-67 0.89 0.024 4 fractured 27
G 70-72 48 0.027 4 fractured 0.56
H 57 16 <0.003 5  clumped -
H 40-42 20 <0.003 5 fractured -
H 50-52 25 <0.003 5 fractured —
H 55-57 5.0 0.019 5 fractured 0.38
H 60-62 025 <0.003 5 fractured —
H 65-67 041 <0.003 5 fractured —
I 10-12 0.041 <0.003 6 fractured —
I 15-17 0.097 <0.003 6 fractured —
I 30-32 033 <0.003 6 fractured —_
I 35-37 032 <0.003 6 fractured —_
I 40-82 0.40 <0.003 6 fractured —_
I 50-52 0.41 <0.003 6 fractured —_
1 55-57 0.069 <0.003 6 fractured —_
1 60-62 0.10 <0.003 6 fractured -
I 70-72 0.31 <0.003 6 fractured —_
I 80-82 0.29 <0.003 6 fractured _
I 90-92 0.35 <0.003 6 fractured —_
I 100-102 022 <0.003 6 fractured —-—
1 110-112 0.30 <0.003 6 fractured —

* LDE-Limited disruption and exposure method.
t DT&SB-Double transfer and storage bottle method
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Figure1. TCE concentrations in co-located samples collected during Phase
11 using two methods: the LDE method and the procedure used by the site

investigators.

while the remainder ranged from 82% to 0.18% of
the amount found for the co-located LDE samples.
This random pattern and range of discrepancy is
consistent with the sample collection and handling
comparison performed during Phase I of this site
investigation (Fig. 2) (Hewitt 1992, in press). The
only difference between these two comparisons is
that the resultsin Figure 2 are from two separate lab-
oratories. The similarity between these plots sup-
ports the premise that the disparities are attributa-
ble to differences in the sample collection and hand-
ling and not in the laboratory analysis.

The visual classification (wet, clumped or frac-
tured) given to the physical state of the soils in the
storage bottle appears to explain some of the ran-
domness present when comparing these two col-
lection and handling methods (Fig. 1). Co-located
subsamples described as wet were between the 1/1
to 10/1 concentration bands, showing a mean re-
covery percentage of 60%. Likewise, clumped soils
werebetween 1/1t0100/1, withamean recovery of
14%, and the majority (10 of 11) of fractured soils

were between 10/1 to 1000/1, with a mean recov-
ery of 4.3%. A nonparametric analysis using the
Wilcoxon-Mann~Whitney test found that these
three groupings were different at the 95% confi-
dence level. This finding suggests that the TCE
concentrationsin thesite investigatorsamples were
inversely related to the extent that the soil structure
broke apart. In soils with a texture that easily disag-
gregated and conformed to fill the ves-sel void, an
average of 96% of the TCE was liberated from the
matrix. Those soil samples that were more cohesive
and remained as clumps (>1 cm diameter) in the
storage bottle, or were water satu-rated, exposed
less surface area and showed average TCE losses of
86% and 40%, respectively. The ease with which a
soil breaks into small aggregates is a function of
texture, grain size, moisture and organic content.
Thus, it was not surprising that those storage bot-
tles characterized as fractured typically contained
sandy soils, while those classified as clumped con-
tained silts.

This data set also can be used to look for a poten-
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tial storage effect on the TCE concentrations deter-
mined for the site investigator samples. This com-
parison was only made for storage bottles with
clumped soils since the losses from most (24 of 36,
or 67%) of the fractured soils extended below the
level of detection, and there were only three sam-
ples classified as wet. The sample bottles subsam-
pled two days after collection and the sample bot-
tles subsampled three or four days after collection
alsoappear to create two distinct populations (Fig.
1). The majority (7 of 10) of clumped soil sub-
samples analyzed after being held for two days
werebetween the1/1and 10/1bands, while those
subsampled after three or four days of storage
showed the majority (9 of 11) to exist between the
10/1 and 100/1 bands. The means of the TCE
values relative to co-located samples collected by
LDE method for these two storage periods were,
respectively, 27% and 4.3%. The Wilcoxon-Mann~
Whitney test of these two groups also showed that
they were different at the 95% confidence level.
This finding shows that the amount of TCE lost
from the site investigator samples was also a func-
tion of holding time.

Two additional tests were performed to con-
firm that VOC vapors can escape from the site in-
vestigators’ sample storage bottles. Table 2 shows
that TCE concentrations decreased when subsam-
ples were removed periodically over the course of
several days from storage bottles containing wet

Figure2. TCE concentrationsin co-located samples
collected during Phase I using two methods: the
LDE method with on-site analysis and the proce-

o2 dureusedbythesiteinvestigatorswithanalysisin

a contract laboratory.

Table 2. Periodic subsampling and analysis of
wet samples collected by the site investigators.

TCE concentration (ug/g)
Depth after various periods of storage
Borehole _(ft) 1 3 7 9 1ldays
A 29-31 0.14 — 0.063 —  0.056
A 4446 00092 — 00046 — <0.003
E 2426 — 063 035 — 028

Table 3. Clean vs. dirty closures on bottles used
to store aqueous solutions containing trans-1,2-
dichloroethylene, trichloroethylene, benzene
and toluene.

Concentration (ug/L)

Clean Dirty
Trans-1,2-dichloroethylene (TDCE) 480+ 50* 260+ 22
Trichloroethylene (TCE) 560+7 320+20
Benzene 350+32 200+ 14
Toluene

630+48 37017

* Average t standard deviation.

soils. Table 3 shows that randomly selected stor-
agebottles with unwashed closures failed to retain
VOCsinsolution as well as bottles with clean clos-
ures (95% confidence level, Student’s t-test). Al-
though the results in Table 2 were confounded by
headspace VOC losses each time the storage bottle
was opened, the combination of these tests along
with the holding time trend seen for clumped soils




Table 4. Laboratory subsampling
method comparison of site inves-

tigator samples.
TCE concentration (pg/L)
Bat15-17f Gat4547
Syringe Spatula _ Syringe Spatula

1 0042 0015 027 015
2 0020 0021 024 015
3 0034 002 034 014
4 0025 0.023 051 017
5 0038 0.024 056 027

0.032* 0.022 038 018
0.009*  0.004 014  0.054

* Average (pg/g).
+ Standard deviation.

(Fig. 1) indicates that vapors were continuously
escaping from the storage bottles filled by the site
investigators.

The final test assessed the loss of TCE that
occurs when the subsample is transferred with a
spatula orsimilar device, and the sample handling
and weighing does not occur in the same room as
the analysis. Under these circumstances a three-
minute exposure period is reasonable. The results
in Table 4 show significant (95% confidence level,
Students t-test) differences that approach a factor
of 2 when this transfer procedure was compared to
the LDE method.

DISCUSSION

Previously, laboratory studies established that
sample disturbance can cause VOC losses up to
80%, relative to undisturbed controls (Siegrist and
Jenssen 1990, Lewis etal. 1991) and thatsignificant
(95% confidencelevel) differences exist when com-
paring subsamples that were transferred from one
vessel to others that were either empty or con-
tained a solvent (Jenkins and Schumacher 1987).
While in agreement with the findings of these
earlier efforts, this study shows that much greater
losses are likely to occur with environmental sam-
ples than seen for laboratory-prepared samples.
One explanation for the greater losses is that envi-
ronmental samples not only experience disrup-
tion and exposure but are also subjected to storage
in vessels that are not vapor tight. Understand-
ably, laboratory studies would tend to overlook
this potential loss mechanism since collection pro-
tocols usually specify that the storagebottle threads
be cleaned before capping. The problem, as was
observed during both phases of this site investiga-
tion, is two-fold. First, “clean” is subjective, and

second, a much greater emphasis is placed on
speed than on cleanliness. Moreover, under field
conditions, once a glass surface becomes soiled, it
is for all practical purposes impossible to return it
to a grit-free condition by quickly wiping it with
either a soiled (gloved) hand or towel.

A visual inspection of all of the site investiga-
tors’ chemistry sample bottles made available for
this comparison study found grains of soil on the
bottles’ threads and lip (brim) and ground into the
Teflon lining of the cap. Although the storage
bottles filled during Phase I were not visually
inspected in this fashion, the sound of glass scor-
ing could often be heard as the caps were tight-
ened, giving a clear impression that a similar con-
dition existed (Hewitt 1992).

Since all of the bottles had soiled closures, it is
impossible toseparate thelosses solely attributable
to the initial transfer of soil from losses caused
when vapors escaped during storage. Based on the
findings of this study it appears that the extent of
VOC losses during field collection and sample
storage are likely to depend on time and the state
of the soil. Figure 1 shows that losses of VOCs
during the initial transfer is related to the cohe-
siveness of the material and that the storage time
is significant. Most likely, the losses that occurred
during these two steps are comparable, each capa-
ble of reducing VOC concentrations by an order of
magnitude or more, compared to a co-located
sample collected by the LDE method. When sub-
samples are transferred for a second time after
several days of storage, the VOC losses that are
anticipated for common laboratory protocols ap-
pear to be relatively small (Table 4). Clearly the
potential for losses at this point has been greatly
diminished since little of the easily liberated VOCs
remains. If, on the other hand, this was the first
disruption and exposure the soil experiences, dif-
ferences between this procedure and the LDE
method would likely be greater. Thus, samples
that have been shipped intact, inside of a core liner
(ASTM 1991), should also be subsampled with an
LDE method.

The initial disaggregation of soil structure and
subsequent sample storage in bottles that fail to
prevent vapor losses are the two greatest sources
of indeterminate error that confound the determi-
nation of representative VOC concentrations in
soils. Both of these sources of error are easily
avoided when care is taken to maintain the soil
structure and transfer the subsample to a vessel
that isolates the VOCs from vapor losses during
storage and analysis. Besides using VOA vials




prepared for HS/GC analysis, the LDE soil sample
collection method described here can also be used
in conjunction with bottles (VOA vials) equipped
with special adapters (Associated Design & Manu-
facturing Co., Alexandria, Virginia) or containing
methanol (Urban et al. 1989, ASTM 1991, Hewitt
1992). Both of these alternative methods of isolating
subsamples are well suited for the Method 8240
PT/GC/MS outlined in SW-846 (U.S. Environ-
mental Protection Agency 1986).

This analysis was done before the off-site labora-
tory distributed their results for VOC concentrations
for the Phase Il soil samples. A future com-parison
of these TCE values to those found for co-located
subsamples collected with the LDE method should
result in discrepancies similar to those shown in
Figure 1 or worse. The discrepancies will likely be
greater if the off-site laboratory stores the samples
for more than six days, the maximum time shown
in Table 1.

CONCLUSION

Investigations following the standard procedure
of filling bottles for shipment and storage of soils
from hazardous waste sites often underestimate
the in-situ VOC concentrations by one or more
orders of magnitude. The greatest losses of VOCs
occur when soilsbecome disaggregated for the first
time and during storage in a bottle with soiled
closures. Only sample-handling protocols that lim-
itsoil structure disruption, require a single transfer
step and isolate the subsample from vapor losses
during storage and analysis should be used when
characierizing sites for VOC concentrations in the
vadose zone.
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