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Abstract: A new data analysis software system (Ion Fin-
gerprint DetectionTM) has been developed to provide fast
mass spectral data analysis. Methods have been devel-
oped that can provide screening to quantitative gas chro-
matography/mass spectrometry (GC/MS) data in 30 s to
minutes. Compound selectivity is provided through a
unique set of algorithms rather than GC separation. The
data quality produced for volatile and semivolatile or-
ganic contaminants under fast GC/MS conditions during
dynamic site investigations carried out at Hanscom Air
Force Base (Bedford, MA) and Joliet Army Ammunition
Plant (Joliet, IL) are discussed. More than 800 samples
were analyzed in each project, with state and federal reg-
ulators accepting the data to complete remedial investi-
gation/feasibility (RI/FS) studies. QQ 1999 John Wiley &
Sons, Inc. Field Analyt Chem Technol 3:55–66, 1999
Keywords: fast thermal desorption GC/MS; mass spec-
tral data analysis; data quality; dynamic work plans;
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Introduction

Over the past 10 years, we have participated in 22 haz-
ardous waste site investigation and cleanup projects. A wide
variety of decisions have been made on subjects ranging
from the spatial distribution of soil contaminants to their
quantitative risk to ground water. Project completion was
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achieved faster, better, and cheaper when field analytics
drove the on-site decision-making process. Field analyses
are only cost effective, however, when sampling crews and
laboratory staff do not sit idle waiting for each other to catch
up.1 This requires fast data turnaround times, and necessi-
tates that analysis methods and instruments be capable of
high sample throughput rates.

Gas chromatography/mass spectrometry (GC/MS) is the
only analytical technique that, when free of background
spectral interferences, can provide unambiguous identifica-
tion of organic compounds in complex mixtures. In the
1970s, environmental analysis by GC/MS was expensive
and cost as much as $1500/sample. The same analysis today
by EPA method 8270 can cost as little as $400/sample. The
reduction in sample costs over the years can, in part, be
attributed to the mass production of more reliable instru-
ments and GC columns and the early pioneers who inte-
grated computers with GC/MSs to provide on-line computer
control with increased data analysis automation.1–7 Improve-
ments in mass spectral and peak deconvolution routines8–11,
statistical methods of analysis12–14 and automated library
searches15–17 further decreased data reduction times.

Despite these innovations, extensive sample preparation
and cleanup prior to analysis continues to limit the rate at
which complex samples can be analyzed. Multistep cleanup
procedures are typically employed to remove sample inter-
ferents so that high levels of nonuniform background signals
do not interfere with mass spectral data analysis systems. In
1994 Stein and Scott18 followed by McLafferty, Zang, Stauf-
fer, and Stanton19 in 1997 evaluated the most often used
algorithms for the identification of unknowns against the
NIST and Wiley MS databases. Relatively good correlation
(50–75% accuracy) was obtained for pure spectra, with
much poorer (25–50% correct) results obtained for two-
component mixed spectra (85% peak purity) systems.

Deconvolution techniques have been developed and op-
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timized for specific compounds or families of compounds.20–25

Although these methods can provide quantitative data, they
cannot be easily used to accurately quantify the wide range
of environmentally targeted compounds in high levels of
random background noise or when severe coelution occurs.
In these cases, matrix ions will be common to the target
compound quantitation ion, resulting in overestimates of
concentration.

Toward this end, a more generalized data analysis method
is described that is capable of providing risk-assessment
quality data under fast GC/MS conditions. At least three ions
per target compound are extracted from electron-ionization
low-resolution mass spectra, with signal ratios computed and
compared against one another26. If the relative abundances
meet the accepted error function then the least-interfered ion
is normalized against the quantitation ion (minimum inte-
gration method). Algorithmic output and data quality are
shown for a mixture of polychlorinated biphenyls (Aroclor
1248), polycyclic aromatic hydrocarbons (PAH), and chlo-
rinated pesticides detected in the presence of gasoline and
engine oil (1:3 by volume) in 5 min. Results for two dynamic
site-investigation projects—carried out with the use of an
adaptive sampling and analysis program—are provided to
demonstrate the unique capability of the algorithms to sup-
port fast, quantitative GC/MS analyses in the field.

Experiment

Reagents and Standards

The VOC and semivolatile standards were purchased
from Supelco (Milwaukee, WI) and Ultra Scientific (Hope,
RI), respectively. The explosive standards were obtained
from the U.S. Army Environmental Center (Aberdeen Prov-
ing Ground, MD) and Supelco. Methanol, methylene chlo-
ride, anhydrous sodium sulfate, and acetone were obtained
from Fisher Scientific (Fair Lawn, NJ).

Sample Preparation and Equipment

All semivolatile analysis samples were prepared by
weighing soil and anhydrous sodium sulfate2.0 6 0.1 g 1 g
into an Teflon-lined screw-cap vial. For PCBs, PAHs,8-ml
and pesticides, a known concentration of octachloro-
naphthalene was added with methylene chloride and2.0 ml
hand-shaken for 3 min. For explosives, acetone was2.0 ml
added and hand-shaken for 3 min. After settling, the respec-
tive extracts were transferred to a crimp-sealed vial for2-ml
analysis. Known aliquots of extract and internal standard
were co-injected into a clean glass sleeve prior to TDGC/
MS analysis. VOC samples were prepared for analysis by
the addition of purified water, soil, and known con-5 ml 5 g
centrations of 1,4-difluorbenezene, 4-bromofluorobenzene
(surrogates) and toluene-d8 (internal standard) to the sparg-
ing vessel.

A Tufts (Medford, MA) -built GC with a thermal desorp-
tion sample introduction system was used in combination

with a Hewlett Packard (Palo Alto, CA) model 5972 mass
spectrometer for the semivolatile analysis. The TDGC/MS
was modified for field operation. For VOC analysis a Tek-
mar (Cincinnati, OH) model LSC 3000 purge and trap sys-
tem was connected to a Hewlett Packard model 5890/5972
GC/MS and used without modification. Table 1 lists the field
GC/MS operating conditions for each study.

Results and Discussion

EPA SW 846 Method 8270C was used to produce the
total ion current (TIC) chromatogram shown in Figure 1 for
a standard mixture of PCBs (Aroclor 1248), 16 PAHs, 19
chlorinated pesticides, and pyrene-d10 (internal standard).
The standard mixture contains 86 compounds, because Ar-
oclor 1248 includes 50 congeners whose concentrations are
at least 1% of the total PCB concentration. Compound se-
lectivity is obtained through GC separation, where 55 semi-
VOCs are baseline separated and all remaining compounds,
even those that completely coelute, are easily identified by
their mass spectral patterns. For example, 38 of the conge-
ners are baseline separated, with the other 22 coeluting with
PCBs from a different chlorination level. When the same
standard is analyzed in under 5 min, 20 peaks are produced,
with 2–7 compounds eluting per peak. Moreover, fast GC/
MS analysis of the same standard in the presence of high
levels of petroleum hydrocarbons gasoline/engine oil (1:3
parts by volume) results in the apparent masking of each
compound’s mass spectral features. The corresponding com-
pounds and mass spectra at 2.82 min and 3.30 min are shown
in Figure 2.

Equations (1)– (9) are used to untangle the spectral in-
terferences. Figure 3 depicts the reconstructed ion current
(RIC) chromatograms for the semi-VOCs that have been de-
tected in the extract. Note that matrix signals are 106 versus
104 for PAHs, 103 –105 for pesticides and 102 –104 for the
different PCB chlorination levels. As separation efficiencies
decrease, compound selectivity must be obtained through
data analysis. The analyst selects between three and six (N)
fragment ions per compound that will be used to extract the
ion current signal during an expected elution time interval.
The function fi(t) in Eq.(1) computes the ratio between an
established library Li and the observed relative abundance
Ri(t) for the ith ion ( ) at time t, multiplied by the1 # i # N
observed abundance of the main ion Am(t):

R (t)if (t) 5 A (t). (1)i mLi

The next three equations are used to determine the difference
between the actual and expected abundances. The analyst
selects an acceptable percent difference K% between the ob-
served and library relative abundances; then Eqs. (5)– (7)
compute the margin of acceptable error D (t) for Eqs. (2)–
(4), respectively,
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TABLE 1. TDGC/MS operating conditions.

PAH/PCB (HAFB) VOC (HAFB) Explosives (JAAP) 45- and 5-min SVOC

Sample injection Thermal desorbtion:
evaporate solvent for 2
min at 40 7C, desorb for
1.5 min at 280 7C, use
disposable glass sleeve

Purge and trap: Supelco trap
(Tenax, charcoal, and
silica gel), purge 5 min at
30 ml/min, desorb 2 min
at 225 7C, bake out 6 min
at 230 7C with line and
valve at 180 7C

Syringe injection: Injector
port at 250 7C

Thermal desorbtion:
Evaporate solvent for 2
min at 40 7C, inject for 1.5
min at 280 7C and 2.0 ml/
min.

Temperature program Total run time: 10 min
hold 1 min at 150 7C;
heat 50 7C/min to 320 7C;
hold 5.5 min

Total run time: 16 min
hold 4 min at 50 7C
heat 12 7C/min to 150 7C

Total run time: 3 min
isothermal at 180 7C

EPA SW 846 Method 8270C
Total run time: 40 min
hold 1.5 min at 35 7C; heat 6

7C/min to 290 7C; hold 1.5
min

Total run time: 5 min
hold 1 min at 35 7C; heat 32

7C/min to 290 7C; hold 1.5
min

MS temperature 280 7C 280 7C 250 7C 250 7C
Mass range 120–500 amu 45–260 amu SIM 120–500 amu
Scan rate 2.3 scans/s 2.3 scans/s 2 scans/s 2 scans/s
Solvent delay 1.5 min 3.0 min 1.0 min 1.5 min
Flow rate 1.0 ml/min 2.0 ml/min 1.0 ml/min 2.0 ml/min
Split flow Splitless 40 ml/min 20 ml/min Splitless
Split ratio N/A 20 : 1 20 : 1 N/A
Column DB-5 MS; 20 m, 0.25 mm

ID, film thickness 0.25 mm
DB-624; 60 m, 0.25 mm ID,

film thickness 0.25 mm
DB-5 MS; 30 m, 0.25 mm

ID, film thickness 0.25 mm
DB-5 MS; 20 m, 0.25 mm

ID, film thickness 0.25 mm

F (t) 5 max [f (t)] 2 min [f (t)], (2)1 i i
i#N i#N

N21 N

|f (t) 2 f (t)|O O i j
i51 j5i11F (t) 5 , (3)2 N21

iO
i51

df (t) df (t)i jF (t) 5 max 2 min , (4)3 * *dt dti#N j#N

where D0 is the additive error factor attributable to instru-
ment noise or uniform background signal, and a and b are
preselected coefficients. Experience has shown that accept-
able default values for a and b are 0.7 and 0.5:

D (t) 5 K% |max f (t) | 1 D , (5)1 i o
i#N

D (t) 5 aK% |max f (t) | 1 D , (6)2 i o
i#N

df (t)i
D (t) 5 bK% max . (7)3 * *dti#N

Target compounds are considered present in the sample if
and/or in at least four consecu-F (t) # D (t) F (t) # D (t)2 2 1 1

tive scans. If these conditions fail, , and ,N . 3 F (t) # D3 3

then every possible subset is checked with the minimum
F1(t) subset selected. This condition may exist when a matrix

ion coincides with a target ion and at very low signal levels
where the fragmentation of low-abundance ions may be
added to by noise. For the ion(s)j, not included in the subset,
the library value is used to account for the additive signal
from the matrix,

N

f (t)O i
i51,iÞjadjustedA 5 L , (8)j iN 2 1

with all ions recompared with the use of the criteria de-
scribed above. If all three cases fail, the program reports the
compound as not detected. The algorithmic results are
shown graphically in Figure 4, where additive signals from
the matrix have been spectrally separated from the target
ions. Ion current produced by the matrix has been subtracted
from mass fragments 200 and 203 for both fluoranthene and
pyrene by the software. The bar chart under each peak de-
picts the number of consecutive scans, 10 in this example,
that the sample spectra matched the library spectra.

For compounds that have been identified in the sample,
the RIC signal is calculated as follows:

t2

S 5 P ; (9)E i
t1

if then and if notmin f (t) . D P 5 min f (t) dt P 5t thresh i t i
(i#N) i#N

where Dthresh is the signal value set by the analyst and t1,0,
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FIG. 1. Total ion current chromatogram of a standard mixture of PCBs, PAHs, and chlorinated pesticides.

t2 are the beginning and the end of the retention time interval.
The RIC chromatograms in Figure 3(a) at 2.8 and 2.9 min
are the black peak lines in Figure 4, which depict the mini-
mum envelope calculation for each compound whose area
is determined by Eq. (9).

Measurement accuracy for the 5- and 40-min GC/MS
analyses can be found in Table 2. The fast TDGC/MS results
produce data of comparable quality to the EPA standardized
method. The algorithms positively identified each compound
in a highly complex matrix and with no sample cleanup. In
method 8270C semi-VOCs are analyzed by GC/MS after gel
permeation cleanup, with the PCB/pesticide fraction ana-
lyzed by GC/electron capture detection (SW 846 Method
8081/8082). Adaptive sampling and analysis programs (i.e.,
dynamic investigations) cannot be supported by field anal-
ysis if semivolatile methods require a 1-h sample cleanup
followed by two 20-min analyses.

If the purpose of the site investigation is to produce risk-
assessment data, then those organics that drive the risk anal-
ysis must be detected uniquely. For example, the EPA soil
screening level to determine risk to groundwater at the 20
dilution attenuation factor for benz(a)anthracene is 2 ppm
and chrysene 1600 ppm. Although the semi-VOC method
can detect PCBs/PAHs in 5 min by TDGC/MS with the IFD
data analysis software, these two compounds coelute and
have the same mass spectral pattern. Therefore, longer GC
run times (10 min) were used during the Hanscom Air Force
Base (HAFB, Bedford, MA) site investigation to separate
these two compounds. A total of 10% of the soil samples
collected was sent to an off-site laboratory for PAH (SW
846 Method 8270B) and PCB (SW 846 Method 8080) anal-

ysis. No semi-VOCs were found by either the field or com-
mercial laboratory.

The soil samples sent for off-site analysis during the Joliet
Army Ammunition Plant (JAAP, Joliet, IL) site investiga-
tion did contain TNT and DNT. The laboratory hired to an-
alyze the split samples by SW 846 Method 8330/USAED
30 failed to meet the project’s data-quality objectives for two
different batches of samples. Based on this performance, no
additional soil samples were sent to this laboratory for anal-
ysis. At the conclusion of the field investigation, split sam-
ples were sent to a second laboratory. Comparing the field
and off-site laboratory (SW 846 Method 8330/USAED 30)
results for TNT and DNT concentrations showed that 27/37
and 22/37 samples were within the JAAP DQOs, see Table
3(a). Differences in concentration may be attributable to the
fact that these compounds exist in soil as nuggets of contam-
ination. Sample inhomogeneity can adversely affect mea-
surement precision, which subsequently can affect accuracy.
Although measurement precision was within the DQOs for
nearly all samples, it was evident that for some locations
differences of 9 to 18 in. resulted in the presence or absence
of TNT or DNT. To test this observation, seven samples
were collected within a 3-in. radius from eight different lo-
cations. The average concentration %RSD for this set of
replicates was 38%. Measurement precision within this
small sampling area was excellent. Nonetheless, at one lo-
cation samples collected within the first 6 in. of the surface
contained 350 ppm TNT and at 3800 ppm. At another1.5 ft.
location, samples collected within 6 in. of the surface con-
tained 24,000 ppm TNT, and at 160 ppm. The most1.5 ft.
extreme case was when DNT was measured at 100,000 ppm
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FIG. 2. Total ion current chromatogram of a gasoline/engine oil (1:3 by volume) extract fortified with the standard mixture analyzed in 5 min.
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FIG. 3. Reconstructed ion current chromatograms of (a) PAH, (b) chlorinated pesticides, and (c) PCBs extracted from the data shown in Fig-
ure 2.
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FIG. 4. Target ion extraction and minimum envelope output used to produce the reconstructed ion current chromatograms for fluoranthene and pyrene.

at a depth of , but at the surface no contamination was1.5 ft
detected.

Data quality can further be assessed through the calibra-
tion plots, internal standard and surrogate recoveries; see
Table 3(b). For both projects, the initial and continuing cal-
ibration verification data were well within the SW 846 mod-
ified 8270B field methods, as agreed upon by the respective
state regulators for Massachusetts and Illinois and EPA
Regions I and V. At HAFB surrogate analyses were per-
formed for every sample, whereas for JAAP a laboratory
control check standard was analyzed at the beginning and
conclusion of each day. Compound recoveries were within
the acceptable range established for each project. As the
number of target compounds and/or QC samples increase,
the number of site samples that can be analyzed per day
decreases. Based on the initial HAFB conceptual model, it
was thought that 42 samples would require analysis, all from
the same site. As the project proceeded field results sug-
gested that samples from two other sites also required anal-
ysis. A total of 70 samples was analyzed for PCB and PAHs.
The fact that both classes of compounds could be analyzed
by the same method in 10 min allowed time to add and
analyze surrogates. On the other hand, JAAP began with the
expectation of analyzing 90 samples per day. This number
quickly reached 125 samples/day, principally due to the ex-
pansive nature of the site and the fact that it was difficult to

determine the spatial distribution of TNT and DNT within
the contaminated areas without additional sampling. Soil
samples were collected from 702 locations to determine the
amount of contaminated soil at four of the manufacturing
sites. A total of 1074 site and QC samples was analyzed
without increasing personnel or equipment during the 2-
week project.

During the HAFB site investigation 601 soil samples
were screened for VOCs over an 8-day period. These mea-
surements were obtained in 30 s by placing the TD sampling
probe head directly over an incision made in Geoprobee4-ft
tubes at intervals. Each tube was cut into a section1-ft 2-ft
where the greatest VOC concentration was found. The 2-ft
sleeves were then cut lengthwise, with soil collected over
the length of the tube without homogenization. Purge-and-
trap GC/MS analyses were performed daily to confirm the
screening results and to determine the boundaries of VOC
contamination and their risk to groundwater. Quantitative
measurements were made on composite soil sam-158 2-ft
ples. Whenever the screening results indicated the presence
or absence of VOCs at the site-specific quantitation limits,
quantitative GC/MS confirmed this finding 90% (142/158
samples) of the time. This result is remarkable in that the
direct measuring GC/MS analyses were made over a hole
the size of a nickel as compared to the composite sample2-ft
for quantitative analysis. Six samples were found to contain
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TABLE 2. Percent recoveries for the 40-min and 5-min analyses of
standard/oil mixture based on the results of the 40-min standard mixture.

% Recovery of Standard/
Oil Mixture

Peak Compound 40 min 5 min

3 Acenaphthene 112 106
2 Acenaphthylene 109 96

19 Aldrine 120 89
15 a-BHC 92 103
11 Benzo(a)pyrene 120 118
14 Benzo(g,h,i)perylene 91 91

9 Benzo[a]anthracene/Chrysene 96 96
10 Benzo[b]/(k)fluoranthene 116 113
16 b-BHC 95 95
34 C1-2 120 102
35 C1-3 96 96
36 C1-4 111 106
37 C1-5 96 92
38 C1-6 128 87
39 C1-7 96 93
22 Chlordane 111 109
26 DDD 103 103
24 DDE 97 100
29 DDT 99 100
18 d-BHC 83 93
13 Dibenz(a,h)anthracene 83 87
25 Dieldrine 124 119
28 Endirn aldehyde 86 86
23 Endosulfan 1 126 123
27 Endosulfan 2 123 123
30 Endosulfan sulfate 131 122
32 Endrin 124 101
33 Endrin keton 89 84

6 Fluoranthene 110 110
4 Fluorene 95 95

17 g-BHC 88 85
21 Heptachlor 118 118
20 Heptaclor Epoxide 112 117
12 Indeno(1,2,3-c,d)pyrene 88 90
31 Methoxychlor 122 122

1 Naphthalene 148 128
5 Phenanthrene/Anthracene 92 96
7 Pyrene 116 116

Average (%RSD) 107 (15%) 103 (12%)

Note: The peaks and their corresponding number are also shown in
Figure 3.

VOCs by screening while quantitative analysis found no
measurable contaminants (4% false positive); in contrast,
quantitative GC/MS detected VOCs in 10 samples where
direct measuring GC/MS did not (6% false negative). Com-
paring measurement accuracy other than by false positives
or negatives for discrete and composite VOC soil analysis
is nonsensical. Fast GC/MS analysis provided an excellent
tool to determine the location and boundary of VOC con-
tamination.

Two-thirds of the 158 samples selected for quantitative
analysis contained target compounds and high levels of ma-
trix interferents, primarily petroleum. Of the 205 compounds
identified by the algorithms and Hewlett Packard’s data anal-

ysis software, 85% had RPDs # 50%, and 65% had RPDs
# 20%. In no instance was the RPD greater than 80%, even
at the lowest measurable concentrations. This is remarkable,
given that both data analysis systems identify peaks and in-
tegrate signals very differently. Where differences did occur
the algorithms were better able to quantify target compound
concentrations where matrix constituents added signal to tar-
get compounds (overestimation) and where the instrument’s
data analysis system cut peaks in half depending upon where
the peak maxima was determined by the software (under-
estimation). IFD data analysis required manual integration
of four (2%) sample data files, whereas 16% of the data files
(25 samples) had to be manually integrated when the instru-
ment’s software was used, because of failure to associate
sample spectra with target compounds or miss integration of
peaks. The internal standard signal fell within the accepted
DQO of 50–150% for 140/158 samples when the algorithms
were used for a 92% success rate; see Table 4(a). The signal
ratio of sample internal standard to the average 5-point cal-
ibration internal standard was biased negatively (,50% but
.40%) for all 18 samples. This small but systematic error
may be attributable to miss-injection of the internal standard,
because the failure occurred within sequential sample anal-
ysis runs. Conversely, the instrument’s data analysis soft-
ware had a 78% success rate. In addition to the same 18
samples below the accepted DQO range, another 17 samples
had internal standard ratios greater than 150%. The algo-
rithms eliminate additive current from the matrix where tra-
ditional data analysis software cannot. Similar DQO statis-
tics were also found for the surrogate analysis; see Table 4.

The field laboratory found VOCs in five samples versus
two for the off-site laboratory.9 Because matrix concentra-
tions were high, the laboratory diluted these samples by as
much as 50 : 1. Low-level contaminants were diluted below
method detection limits and/or loss during sample storage,
making statistical comparisons between the field and labo-
ratory data not possible.27,28 Another advantage of the soft-
ware’s ability to see through interfering ion signals is the
fact that samples can be analyzed without dilution or the
need for multiple reanalysis to detect a wide range of target
compound concentrations. In both projects, the highest con-
centration calibration point was at least 50 times the action
level for VOCs and 1000 times for semiVOCs. Sample con-
centrations exceeding the calibration curve were not diluted,
which resulted in no reanalysis of samples. This benefit max-
imized the number of site samples analyzed per day, increas-
ing the cost-effectiveness of the HAFB and JAAP site in-
vestigation projects.6

Review of the VOC measurement precision data indicates
that the relative percent difference (RPD) and percent rela-
tive standard deviation (%RSD) for all replicate analyses fall
within the acceptable criteria. The initial and continuing
VOC calibration data were also within the project-specific
DQO’s. Measurement sensitivity experiments were per-
formed in the field before the start of sample collection. The
method detection limits listed in Tables 3(a) and 4(a) are
based on the site-specific action levels according to EPA’s
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TABLE 3. TDGC/MS (a) method and (b) instrument DQOs and field results for quantitative SVOC analysis.

QC Parameters

Laboratory Method
Requirements SW-846

Method 8270C

Field Method Requirements
SW-846 Modified Method

8270B
Field Method Results for

PCB/PAH
Field Method Results for

TNT and DNT

(a) Selectivity Can do up to 350 SVOC
with 2–5 ions per com-
pound; adjust chromatog-
raphy to separate SVOC of
interest

Up to 350 SVOC with 2–6
ions per compound; mini-
mal GC separation, selec-
tivity by data analysis al-
gorithms

Analyzed 17 PAH and 10
PCB chlorination levels,
three ions per compound
identification; 10-min GC
separation

Analyzed TNT and DNT,
three ions per compound
identification; 3-min GC
separation

Sensitivity 660 ppb to 3300 ppb QLa PAH (compound spe-
cific)

1 ppm to 21,500 ppm
QL total PCB 0.5 ppm
QL TNT 100 ppm
QL DNT 4 ppm

MDLb PAH 0.087–0.374
ppm

MDL total PCB 0.153 ppm

MDL TNT 1.5 ppm
MDL DNT 1.5 ppm

Precision Replicate analysis
QC acceptance criteria

conc. . 5 3 QL, RPD ,
60%

conc. , 5 3 QL, PRD ,
100%

10 samples analyzed repli-
cate analysis contained no
measurable concentrations

Within DQOa

TNT 76/78 samples
DNT 78/78 samples

Accuracy Internal standard recovery
within 50%–200% of the
daily calibration internal
standard

Internal standard recovery
within 50%–150% of the
daily calibration internal
standard

Within DQO 67/70 samples Within DQO 702/702 sam-
ples

For each sample or QC run,
laboratory established sur-
rogate recovery limits
(e.g., 20–140%)

Surrogate recovery 20–140% Surrogate recovery within
DQO, 70 samples ana-
lyzed, average recovery
94%

None performed

Field versus lab;
conc. . 5 3 QL, RPD ,

60%
conc. , 5 3 QL, RPD ,

100%

Seven samples analyzed
measured concentrations
below site-specific QL

Within DQOc TNT 27/37
samples

DNT 22/37 samples

(b) Instrument
performance
tests for MS
tuning

Perform check as per instru-
mental method, minimum
once to initiate 12-hr shift

Perform check as per instru-
mental method, minimum
once to initiate shift

Performed check as required
at the beginning of each
day

Performed check as required
at the beginning of each
day

Initial 5-point
calibration

Calibration check com-
pounds (CCC) %RSDs
must be ,30%, if all RF
%RSD #15% then use
Ave. RF, else use linear
regression

DQO dependent; can match
SW 846 or all RF %RSDs
#40% and no more than
1 . 30%3

Average %RSD within DQO
17 PAH/PCB , 30%
5 PAH/PCB # 40%

Average %RSD within DQO
TNT 23%
DNT 19%

Continuing
calibration
verification

One per 12-h shift; CCCs ,
All analytes within20%.

625% of expected value

DQO dependent; can match
SW 846 or begin and end
of day, % difference for
all compounds #40% and
no more than 1 . 30%3

Average % difference within
DQO

18 PAH/PCB , 30%
4 PAH/PCB # 40%

Average % difference within
DQO

TNT 18%
DNT 14%

Laboratory
control check
sample

After each initial calibration
and once per 12-h shift;
percent accuracy within
80% to 120%

DQO sample throughput de-
pendent; begin and end of
day, percent accuracy
within 60% to 140%

Non performed TNT 19/20 within DQO
DNT 20/20 within DQO

Method blank One per extraction batch; all
target compound
concentrations , PQL

Once per extraction batch; all
target compound
concentrations , PQL

No target compounds de-
tected

No target compounds de-
tected

Other Carryover monitored by
analysis of blanks, watch
baseline on chromato-
grams

Carryover monitored by
analysis of blanks, watch
baseline on chromato-
grams

Carryover monitored by
analysis of blanks,
watched baseline of chro-
matograms

Carryover monitored by
analysis of blanks,
watched baseline of chro-
matograms

a Quantitation limit (QL) was established at one-half the site-specific action level for both HAFB and JAAP, which was determined based on the USEPA
Generic Soil Screening Levels (PB 9355, 4-23, April 1996) for each compound. No U.S. EPA levels for PCBs were available; for the HAFB site investigation
the QL was set at 0.5 ppm.

b Method detection limit (MDL) studies were performed at the beginning of each project to ensure that the field laboratory achieved the site-specific
QLs. The MDL study was not performed at the lowest possible level for TNT and DNT, because the action levels are much higher than what is achievable.

c Inhomogeneity of the soil samples resulted in large deviations between field and laboratory concentrations.
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TABLE 4. Purge-and-trap GC/MS (a) method and (b) instrument DQOs and field results for quantitative VOC analysis.

QC Parameters
Laboratory Analysis Requirements

SW-846 Method 8260A
Field Method Requirements SW-846

Modified Method 8260A
HAFB Field Method Results

for VOC

(a) Selectivity Can do up to 97 VOCs with 1–6
ions per compound; adjust chro-
matography to separate VOCs of
interest, typically 35 min/sample
analysis

Can do up to 97 VOCs with 2–6
ions per compound; minimal sep-
aration employed, selectivity by
data analysis algorithms

Analyzed 18 VOCs; identification
based on three ions per com-
pound, with 15-min GC separa-
tion

Sensitivity 5–2500 ppb levels, matrix depen-
dent

QLa compound-specific 5–2500
ppb, matrix dependent

MDL VOC 3–33 ppb

Precision Replicate analysis
QC acceptance criteria

Concentration . 5 3 QL,
RPD/RSD , 60%

Concentration , 5 3 QL,
RPD/RSD , 100%

RPDs and RSDs within the DQO
Eight duplicate samples avg. RPD

40%
Nine triplicate samples avg. RSD

39%
Accuracy Internal standard recovery within

50%–200% of the daily calibra-
tion internal standard

Internal standard recovery within
50%–150% of the daily calibra-
tion internal standard

Internal standard recovery within
DQO for 140/158 samples, 18
samples biased low

For each sample, or QC run, labora-
tory established surrogate recov-
ery limits (e.g., 20–140%)

Surrogate-dependent recovery of
20–140%

Surrogate recovery within DQO
158 samples analyzed, average re-

covery 87 6 40%
Field versus lab
conc. . 5 3 QL, RPD , 60%
conc. , 5 3 QL, RPD , 100%

VOCs detected in 5/14 samples by
the field and 2/14 samples by the
off-site lab; field results..off-site
laboratory

(b) Instrument
performance
tests for MS
tuning

Perform check per instrumental
method, minimum once to initiate
12-h shift

Perform check per instrumental
method, minimum once to initiate
shift

Performed check as required at the
beginning of each day

Initial 5-point
calibration

Calibration check compounds (CCC)
%RSDs must be ,30%, if all RF

then use avg. RF,%RSD # 15%
else use linear regression

DQO dependent; can match SW 846
or all RF and no%RSDs # 40%
more than or all RF1 . 30%3

%RSDs # 30%

Average %RSD within DQO
18 VOCs , 30%

Continuing
calibration
verification

Once per 12-h shift; CCCs , 20%.
All analytes within 625% of ex-
pected value

DQO dependent; can match SW 846
or begin and end of day, percent
difference for all compounds #

and no more than 140% . 30%3

Average % difference within DQO
15VOCs , 30%
3 VOCs # 40%

Laboratory
control check
sample

After each initial calibration and
once per 12-h shift; percent accu-
racy within 80% to 120%

Sample throughput dependent, can
match SW 846

None performed

Method blank One per analytical batch; all target
compound concentrations , PQL

Once per day and after highly con-
taminated sample; all target com-
pound concentrations , PQL

No target compound detected

Other Carryover monitored by analysis of
blanks, watch baseline on chro-
matograms

Carryover monitored by analysis of
blanks, watch baseline on chro-
matograms

Carryover monitored by analysis of
blanks, watch baseline on chro-
matograms

a Quantitation Limit (QL) was established at one-half the site-specific action level for HAFB, which was determined based on the USEPA Generic Soil
Screening Levels (PB 9355,4-23. April 1996) for each compound.

b Method Detection Limit (MDL) studies were performed at the beginning of the project to ensure that the field laboratory achieved the site specific
QLs.

Generic Soil Screening Level guideline and were agreed
upon by the regulators for each project. The data quality
objective was met by fortifying soil samples collected from
the site.

Conclusion

The U. S. EPA and ASTM have promoted the use of
dynamic site investigations and field analytics to expedite

hazardous waste site cleanups.29,30 To support this goal,
nearly 1100 analyses were made at JAAP to determine the
volume of contaminated soil for four TNT manufacturing
lines.31 From these estimates, projections were made for
eight additional lines located at the site. Another 760 sam-
ples were screened and quantitatively analyzed for VOCs at
HAFB. The goal was to better understand what, if any, risk
existed for further contamination of the groundwater from
soil and to determine why the current means of collecting
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and treating the groundwater was ineffective.32,33 A second
objective was to determine whether PCBs and PAHs were
in soil collected from fire training areas located within the
airfield. A total of 70 samples were analyzed, with PCBs and
PAHs below the risk-based soil levels of concern. In these
projects the field data supported adaptive sampling and anal-
ysis programs and are now part of the Record of Decision.
These successes prove that data of known quality can be
produced in the field quickly enough to support dynamic site
investigations and cleanups. We also showed that the algo-
rithms can dramatically reduce the number of manually in-
tegrated sample files or samples requiring reanalysis because
internal standard or surrogate quantitation ions become sup-
pressed or masked by the matrix, thus failing to meet data-
quality requirements.
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