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Effedtiveness of .. purge;.:a:na-trap for measurement of volatile 
organie eampound& in aged soils 

:Introduetion 

A critic~l requirement in the cleanup of coneaminated soil si~es 
is an accurate determination of the nature and extent of soil 
concamination. The EPA recommended:method {EPA/SW-846-5030A & 
S260A) for measurement of volatile organic compounds (VOCe) in 
soils is purge-and-trap (1). under this protocol, organic~tree 
water containing internal standards and surrogates is mixed wi~h 
a soil sample and hea~ed eo 40°C. An inert gas is bubbled through 
the ·solution at ambient temperatu:r:·e. and the ·vapor passed through 
a sorbent column where the volatile components are adsorbed. 
A£ter purging is completed, the· sorbent column is heated and 
backflushad with. inert gas to desorb the components onto a gas 
chromatographic column (1). Use of purge-and-trap to m.e.asure VO.Cs 
in soil is based ·on the assumption. that soil vocs rapidly 
equilibrate wieh soil wate~. Receht studies{~-5), however, 
strongly question this assumption and indicate that soil 
desorption is a biphasic process with an initial rapid surface 
desorption followed by a. much slower, dif.fusion:..limi.ted, 
desorptive phase from the interior of ehe soil matrix(2-4,6-~~). 

·The biphasic nature of desorption casts doubt on the widely-used, 
USEPA-recommendea purge-and~trap method. When soil has been,in 
contact ~ith VOCs for a long time period (aged soils), vocs 
diffuse into soil micropores, where they are unavailable· for 
purge-and-trap measurement. Except for a single study (8) . 
involving ~~2-dibromoethane (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 
methanol extraction. since vapor extraction is a currently 
popular technique for removal ·of VOCs from soils. we subjected 
one soil sample to air stripping to evaluate the effect of vapor 
extraction on the extraction efficiency of purge-and-trap 
measurements. 

Expvrim~ntal Proeedure 

Soils.. Soil sampl.es were obtained . from three geographically 
distribu·ted. sites with a lO- .to 20 .. ye13-r history of VOC 
contamination. The Ken~ucky soil had high clay concen~ wieh ~oo 
ppb of trichloroethylene. The Louisiana soil ~as a silty loam 
wich 3000 ppb of Cis-l,lMdichloroethylene and 6000 ppb of 
Trichloroethylene. The Florida soil was silty, ·fine to very fine 
sand containing methylene chloride at 240 ppb, benzene a~ 2 ppb, 
toluene at 190 ppb, and chloroform at 2 ppb; 

.. 
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Sample collection. Soil samples were extracted with a hollot.~
stem auger and split-spoon sampler. Undisturbed soil cores were 
sealed in glass jars wit:h. minimum headspace and ··stored at 4°C on 
arrival. ·At the start: of each experiment, the sample core was 
plugged and 5ubdivided to obtain three 5-gram apbsamples. 
Sub$amples were ~xtruded directly into VOA vials (Dynatech, Baton 
Rouge, LA) ~nd mixed with 5 m1 of water containing internal 
standards and surroga~es before capping. 

Measurements of VOCs. Contaminants wsre extracted from soil 
samples by methods of purge-andwtrap, methanol immersion~ and hot 
methanol extraction. Contaminant concentrations were expressed as 
microgram per kilogram of soil. 

Purge-and-tr~p. Sample al1quots were purge~ using a Dynatech 
P'l'A-30 auto sampler ana a Tekmar (Cinci·nnati, OH) LSC-2 purge
and-trap device. The trap was desorbed and measurement performed 
with a Hewlett-Packard Model 5890/5971 GC/MS. and .EPA method 9260 
(12, 13) . 

Mechanol immer9ion. Fi~e ml of purge-and-erap grade methanol was 
added eo sample aliquots. The vial w~s capped as previously 
described and vigorously shaken for 30 seconds to facilitate 
weeting of the soil sur-face. A 50 micro liter (ul) aliquot of the 
methanol was then removed and added to·S mic::ro "liter {ml)" of 
water containing internal standards and surro~at~s. The water was 
then subjected to purge-and-trap and analyzed for the 
concentration of chemicals by GC. 

Hoc methanol extractton. Hot methanol extraction was performed in 
the same manner as methanol immersion except that, prior to 
~thdrawal of the aliquot of methanol, the VOA vial was placed in 
a 40ec ultrasonic water bath for 30 minutes. The methanol was 
drawn and analyzed as des~rib~d above. -

Extraction following a.ir stripping. Th·e Louisiana sample was 
mixed in a 7:3 ratio with calcium oxide to prevent soliditication 
during air s·tripping. The sample ~as then placed in a buohner 
funnel with a vacuum running 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. Occasion&l mixing 
ot the soil was performed throughout this time. The soil sample 
was divided into three subsamples and each was then subjected to 
one of the thre.e methods as previously described. 

:ke.su1ta 

Measurement results from the three different sites--Kentucky, 
Louisiana, and Florida-~are presented in Table l. 
Trichloroethylene wae 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 .tne.thanol extraction. Both Cis-1, 1-
diehloroethylene and trichloroethene were detected in the 
Louisiana soil. Purge-and-trap recovery of these two contaminants 
was only 7,4% and 4.8%, respectively, when compared to bot 
methanol extraetion mechod. Four.compounds were identified in the 
Florida soil: methylene chloridei ben2ene, toluene, and . · 
chloroform, with purge-and-trap recovery 38.0% , ~.5%, 71.2%, 
l.S%', respectively, in comparison to hot tnethanol extraction. 

Table 1: Comparison of three methods·for me~suring vocs in 
soils. 

Soil. Hot 
Type&. Purge~ ·.Methanol methanol 

Component Compounds anc1-trap1 immersi.on 1 extraction 1 

(ug/kg} (ug/kg) (ug/kg) 

Kent:uc:ky Trichloroethylene 
(clay) ~00 l40 240 

Louisiana Cis-~ l-
' I 

3070 2600 41700 
{silty dic:::hloroethylene 
l.cal:t&) 

. Trichloroethylene 5900 85000 121700 

Florid& Methylene 240 530 630 
(silT!y chloride 

fine to 
veey £in.e Benzene 2 ~10 150 

sand) a 
Toluene 190 240 270 

Chloroform 2 110 130 

1 .Average of three soil sample measurements 

Effect cf air 8tripping. Contaminant concentrations for air
stripped Louisiana soil are presented in Table 2 .. Purge-and-trap 
detected ~evels of methylene chloride, Cis 1,1-dichlo~oe~hylene 
and TeE at sat, 4.1%, and S-6%~ respectively~ that.of hot 
methanol extraction. Comparison of these resules 'C.1ith those in 
Table 1 for Louisiana soils indicates that air stripping does not 
appear to affect the distribution of contaminants between the 
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accessible and inaccessible phases. 

Table 2: Comparison of extraction-methods for Louisiana soil 
after one week of air stripping. 

Purge-and- Methane~ Hot methanol.. 
Com.pouncl trap imme;rsion ex~ :rae ti·on 

(ug/kg) (ug/kg) (ug/kg) 

MethylenQ 
chloride 94 1.50 ~6"0 

Cis-1.,~ .. 
dic:hloroethylene . 86 390 ~1.10 

Trichloroethylene 
310 5400 ssoo 

llisc:ussion. 

Purge-and-trap is the EPA-recommended method (·EPA/SW-846-5030A) 
for measuremen~ of vocs in. soils. Under the protocol, organic 
free ·water is mixed ~ith 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 into surrounding water. Recent studies (2-4 1 8;14,15) 
on the physical inaccessibility of contamination in soils suggest 
that this may not be the case, particularly in· long·concaminated 
soils. It has been hypothesi.!ed that aging involves diffusion 
into soil mic:ropores, partitioning into soil organic mat:ter~ 
st:rong surface adsorption,· or a combination of· these. processes 
{2~~4;16,17). studies (o,~S) indicate that 20-90% of 
contamination may be locat:ed in the interior of the soil matrix 

. a~d thus inaccessible for purge-and-trap measurement·~ The purpose 
of the pre~ent study was to compare the effectiveness of three 
commonly used techniques for measuring VOCs in soils: purge-and
trap, methanol immersionJ and hot methanol extraction. we found 
that purge-and-trap consistently underestimated.the concentration 
of VOCs in aged soils by factors ranging from 2 to approximately 
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100. ~his con~istent underestim~tion of soil concentrations 
undermines EPA s attempt to remediate ~ontaminated soils to 
levels con~istent with health-based cleanup standards. 

141006 
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The soil desorption process is known to involve two distinct 
phases: a rapid desorption from the soi~ s.urface occurring within 
24 h and a much slowe~ diffusion-limited desorption from the · 
interior of the soil matrix occurring over a period of days to 
years (5,19). This biphasic deso~tion pattern is most pronounced 
in aged soils where a significant fraction of cont'amination is 
located in the interior of the soil matrix. P'or example, despite 
its h1gh volatility and degradability, 1,2-dibromoethane (EDB), a 
soil fumigant,. ~as found {B) in agricultural topsoil 19 years 
after its last known application. The persistence of EDB.was 
attriputed to desorption half-times o£ 2·3 decades at 25°C (~) . 
For trichloroethylene (TCE), a continuous desorption study (10} 
of long-contaminated ~oils revealed persistence ·of lS% of the 
initial TCE eoncentration·after deso~tion with 24000 pore 
volumes of water. In a subsequent study (3) on simultaneous 
desorption of T•ichloroethylene, tetrachloroethylene, toluene, 
and xylene, ·a substantial portion (48-94%) of the sorbed 
contaminant mass resiste~ desorption after 7 days of contact 
time. TCE soil concentrations at the·Picatinny_Arsenal were found 
to be 1-3 orders of magnicude greater than predicted using soil
gas concentrations and equilibrium conditions (18) . The present 
~tudy found the purge-and-trap, as compared to hot solvent 
extraction, only recovered 42% an~ 4.8%, respectively, of TCE in 
long~contaminated clays and silty lo_a.m soils. 

Even in freshly spiked soils, desorption rates of pollutants can 
be 1-3 orders of magnitude smaller ehan @quilibrium predicted 
races (4) • Clean soils spiked with halogenated aliphatic 
hydrocarbons for ·24 or 72 hours resisted desorption after 16 . 
extrac~ions of 24 to 72 hours each (6) _ These observations bring 
into question the occurrence of desorption equilibrium necessary 
for validity of the purge.-and-trap measurements in the freshly 
spiked and aged soils. 

Previous analysis of EDB in long-contaminated soils has shown 
ehat purge-and-crap is less effec~ive than extrac~ion at 75°C 
with organic solvents such as methanol, acet:.onitrile or acetone 
(2.6,8), recovering less than. l.l% of the total EDB found by hot 
solvent extraction(S). 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-lrl
dichloroethyleri.e, r~covery fr:om purge-and-trap ranged b~t:.w~en l_S 
up to 4l% that of hoc methanol extraction. 

Slow desorption is recognized as a serious obstacle to soil 
remediation technologies(~1,14,20-.23}. For such technologies as 
pump and treat, vapor extraction, and bioremediation to be 
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effective, soil contaminants must be aeeessible- To simul~ce the 
effect of vapor extraction on the efficiency of the purge-and
trap methodology, we subj ecte·d the Louisiana soil to a week of 
air scripping. Purge-and-trap recovered only 58% of the methylene 
chloride, 4.1% of the cis 1i1~0ichloroethylene and 5.6% of the 
TCE that hot methanol extraction was able to recover. These 

. resules indicate the purge-and-trap is not a reliable method for 
evaluaeing vapor extraction as a remediation technology. 

It is clear from che results of this and previous studies that 
the best overall choice for measurement of soil VOCs is hot 
methanol extraction, sinee this method yields a more aceurate 
analysis, ·regardless of the age of contaminated soil. The VOC 
data from three different soil types cl~arly demonstrate the 
limitations of the EPA-approved purge-and-trap method 1 which can 
bias analytical results by several orders of magnitude depending 
on soil type and chemical properties. We suggest that EPA review 
ehe use of purge-and-trap as a method for measuring vocs in 
soils_ 
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