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Unquantified volatile organic compound (VOC) losses occur 
in every phase of VOC determination including sample 
collection, transport, storage, preparation, and analysis. Cur­
rent quality assurance/quality control measures, such as 
surrogate spikes and internal standards, do not account for 
losses that occur during sample handling nor do they 
account for soil matrix effects. An alternate approach, 
the quantitation reference compound (QRC) approach, is 
presented that involves direction injection of the QRCs onto 
tho soil matrix to account for any matrix effects and losses 
during subsequent processing steps prior to sample 
analysis. Final VOC quantitation is based on the CRC instead 
of the internal standard, which is used strictly to monitor 
instrument performance. Quantifying VOCs using the QRC 
approach on three spiked performance evaluation soils and 
one unprocessed spiked field soil resulted in target 
compound relative recoveries of 93-105%. In contrast, using 
the current quantitation approach, target compound 
recoveries were only 2-27%. Precision between the two 
approaches was equivalent (on an absolute basis)with relative 
standard deviations of 2-15% using the QRC approach. 

Introduction 

Volatile organic compounds (VOCs) present analytical prob­
lems different from those encountered for other organic 
contaminants, such as pesticides and polychlorinated biphenyls. 
These difficulties arise due to the capability of VOCs 
to readily change physical states with an affinity for the vapor 
phase. As a result of this affinity, VOC losses from samples 
occur through numerous pathways. In the field, losses may 
occur during sample transfer from the sampling device to 
collection vessel, during subsampling. during addition of 
preservants, or as a result of sample disaggregation (1,2) or poor 
bottle sealing (3,4).  During sample transport and storage 
prior to analysis, VQCs may be lost through biodegradation and 
abiotic degradation (5- 10) or may become less purgeable by 
diffusion into intra-aggregate micropores (11). Lastly, losses 
may occur at the laboratory when samples are decapped to be 
attached to the purge unit, during subsampling, and from 
punctured seals on vials (12,13). Losses in the laboratory 
may be further exacerbated by incomplete desorption during 
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sample purging if a solid matrix, such as soil, is present (14­
16). Losses from these sources have been shown to be up to 
3 orders of magnitude from known VOC concentrations (5, 17) 
and may account for the large number of non-detects associated 
with VOC data. 

In an attempt to control and quantify VOC losses, quality 
assurance (QA) and quality control (QC) procedures are 
implemented at various stages in the processing stmarn. These 
measures include using blanks (equipment, field, method, 
reagent, and trip), initial and ongoing calibration checks, 
sample replication, performance evaluation samples, matrix 
spikes, surrogate spikes, and the use of internal standards. 
Additionally, if gas chromatography/mass spectrometry (GC/ 
MS) is used, then GUMS tuning and mass calibration are 
important QA/QC tools. These QA/QC measures and samples 
are intended to control contamination from sources outside the 
sample, assess method performance, ensure proper instrument 
operation, and ultimately result in accurate, precise, and 
unbiased VOC quantification. 

Internal standards are pure organic compounds that are 
similar in analytical behavior and not affected by the sample 
matrix (18). Internal standards are used in the initial instrument 
calibration, in the determination of response factors (RFs) for 
VOC quantitation, and to verify instrument operation and 
calibration on a daily basis.  Similarly, surrogate spikes are pure 
organic compounds that are similar to the analytes of interest in 
chemical composition, extraction, and chromatography, but 
which are not normally found in environmental samples 
(18,19). Surrogate spikes are added to every sample (including 
QA/QC samples) and used to examine the overall efficiency of 
the method from sample preparation through extraction and 
analysis.  Generally, both the surrogate spike and internal 
standards are added to the sample just prior to purging 
(18,19). 

While the current use of internal standards and surrogate 
spikes provides useful information about instrument operation 
and can be used for VOC quantitation, concern has been 
expressed about their effectiveness in the analysis of VOC-
contaminated soils. The concern arises because surrogate spikes 
are supposed to monitor the overall system efficiency including 
the efficiency of extraction from the matrix. However, since 
surrogate spikes are added to the sample just prior to purging, 
little time to react with the soil matrix is allowed, and the 
assessment of extraction efficiency is thus limited. In contrast, 
any VOCs in the soil sample have established a partitioning 
equilibrium In the container between the time they are sealed 
and analyzed. The presence of soil sorption sites has been 
shown to reduce the extraction efficiency of purge-and-trap 
techniques (20-22). Thus, surrogate spikes placed in the 
extraction water do not fully represent the extraction process 
occurring between soil and water. 

An additional concern arises since VOCs are quantified 
based on internal standard-generated RFs.  Internal standards 
arepresentonlyfnanaqueousmedia(i.e.,generally, methanol for 
standard preparation and water for extraction) and by 
definition should not be affected by the matrix (18). However, 
since VOCs in soil react differently than in water, the use of 
aqueous-based quantitation standards is questionable and the 
influence of the soil matrix is neglected. Further, the internal 
standard may come in contact and subsequently interact with 
the sample prior to purge initiation, thereby reducing its 
effectiveness for monitoring instrument performance. 

To allow for more accurate and precise quantitation of 
soil VGCs regardless of losses during transport, subsampling, 
storage, and analysis, an alternate use for the surrogate spike 
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and internal standard is proposed. In the proposed approach, the 
same compounds commonly used as internal standards and 
surrogate spikes will be used. However, their use as QA/ 
QC monitors and in VOC quantitation as well as their point of 
entry into the sampling and analytical stream will be different. 

Experimental Section 

of the surrogate compounds while the remaining two batches 
were analyzed 2 and 3 days after surrogate spike addition, 
respectively. This process resulted in the analysis of samples 
with target compound holding times of 3, 5, and 6 days, 
respectively. 
Instrumentation. Purging was performed on a Tekmar 

LSC-2000 apparatus, and separation and detection was 
performed using a Spectra-Physics GC/MS with Saturn 
software following Methods 5030 and 8260 (23). Instrument 
calibration was performed over the range of 10-100 :g/kg and 
checked on a continuing basis by direct injection of internal 
standards at a concentration of 50 :g/kg prior to sample 
desorption and comparing its response to the response from the 
initial calibration. A 60 m, 0.32 mtn id., DB-624 column was 
used to allow for on-column injection.  Conditions and settings 
used for these instruments are given in Table 2. 

Results and Discussion 
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