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Recovery of 8 volatile organic compounds (VOCs) from 
dry soils, each fortified at 800 ng/g soil, was 
studied in relation to the extraction method and time of 
extraction. Extraction procedures studied on 2 
desiccator-dried soils were modifications of EPA low-
and high-level purge-and-trap extractions (SW-846 
Method 5030A): treatment 1, unmodified low-level 
procedure; treatment 2,18 h water pre-soak followed by 
low-level procedure; treatment 3, 24 h methanol extract 
at room temperature followed by high-level procedure; 
and treatment 4, 24 h methanol extract at 65/C followed 
by high-level procedure. VOC recoveries from replicate 
soil samples increased in the treatment order 1 through 
4. With Charleston soil (8% clay and 3.6% organic 
carbon), highly significant differences (p#10.001) in 
recoveries among treatments were observed for 
trichloroethene (TCE), tetrachloroethene (PCE), 
toluene, ethylbenzene, and 0-xylene, with 2- to 3-fold 
increased recoveries between treatments 1 and 3. With 
Hayesville soil (32% clay and 0.2% organic carbon), 
significant improvements (p I 0.05) in recoveries of 
toluene, ethylbenzene, o-xylene, 1,1,1- trichloroethane, 
TCE, and PCE were observed for heated methanol 
(treatment 4) rather than water extraction (treatment 1), 
but the increases were less than 2-fold. 

Dry soils can be fortified with volatile organic com 

pounds (VOCs) to provide relatively stable and reliable 
quality assurance samples (1-3). Dry \oil adsorbs 2 

4 orders of magnitude more compound than moist soil. depend
ing on the soil and compound characteristics (&6). and VOC 
degradation rates are markedly reduced in dry soil (3). The U.S. 
Environmental Protection Agency (EPA) Characterization Re
search Division. Las Vegas (CRD-LV) is currently seeking ways 
to develop quality assurance sample or performance evaluation 
materials (PEMs) to verify analytical accuracy during routine 

sample analyses. From a research perspective. generation of 
relatively stable replicate samples will increase the accuracy 
and precision of numerous studies involving VOCs in soil. 

Dry soil can he fortified with VOCs by spiking soil with neat 
compounds ( 1 ) or hy allowing soil to adsorb vapors (2. 3). With 
the former method. the initial fortification level is explicitly 
controlled. whereas with the latter method, the fortification level 
is dependent on soil and compound properties, time of 
exposure and relative concentrations in the fortification solu
tion. With either method, the resulting concentration must be 
verified by analyzing subsamples. 

Once fortified. soil and compound properties can affect the 
measurement of VOCs. Earlier studies on the generation of 
VOC-fortified dry \oil\ demonstrated that room temperature 
methanol extraction (modified from the EPA high-level extrac
tion) was superior to extraction by the standard EPA low-level 
purge (soil + water purged at 40/C for 11 min) for 6 of 8 com
pounds studied in 3 soil types (1). In one soil, extraction by the 
low-level purge recovered 25-49% of the fortified analytes. 
whereas extraction by methanol recovered 92-106%. Ancillary 
studies indicated that recovery of VOCs by the low-level pro
cedure increased. however, in proportion to the time that the 
soil soaked in water while queued on the autosampler. 

The low-level purge originated as a method of analyzing 
VOCs in water samples. In soil. VOCs reside in vapor, dissolved. 
nonaqueous liquid (NAPL). and sorbed phases. Vapor and 
dissolved phase VOCs present a sampling problem (because 
these forms are readily lost during sampling operations), 
whereas the NAPL and sorbed phases present an extraction 
problem. The east of extraction of soil VOCs depends on the 
amount of time that the compounds have diffused and the com
plexity of the sorption sites. The relatively small size and large 
vapor pressure of VOC molecules allow these molecules to dif
fuse into extremely small spaces. pores 100 small for microor
ganisms to fit (7). or into amorphous humic material 
(8). Pignatello and Xing (9) recently reviewed evidence for and 
mechanisms of slow sorption of organic chemicals in soil.  After 
many days, months, or years 
of diffusion within a soil, extraction of VOCs will . .reflect slow desorption by reverse diffusive pathways (7,9,10). 
Pulverization of soil has been shown to 
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