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In order to increase the statistical power of epidemiologic studies by
increasing the number of participants, faster and less costly (currently $1250 per
sample) analytical methods must be developed for PCDDs, PCDFs, ¢cPCBs, and
pesticides. The current HRGC-HRMS analytical method (Patterson et al. 1991
and 1992; Turner et al.1991 and 1994) is very time consuming requiring a full 8
hours to analyze a five sample analytical run (3 of which are unknown study
samples; one blank, and one QC sample). We have recently reported a new
analytical approach (Liu, et al., 1994) which greatly increases the sample
throughput by using a comprehensive two-dimensional gas chromatography
system (C2DGC). This new approach is much faster than a one-dimensional GC
system, more specific (two retention indices) and more sensitive (narrower peaks
in the second dimension). Comprehensive two-dimensional separations differ
from conventional multidimensional separations in that all substances are
subjected to both dimensions of the separation processes. The theoretical peak
capacity obtained from an orthogonal two-dimensional separation process is the
product of the peak capacities obtained on each dimension. Unlike conventional
heart-cutting techniques, comprehensive two-dimensional separations do not
sacrifice any analytical range covered by a given sample.

The use of the C2DGC system to generate a fast, sensitive, and specific
separation of a mixture of 14 pesticides and two internal standards within 3.5
minutes is shown in Figure 1A. The peak volume ratios between the pesticide
analytes and the internal standards were used to generate calibration curves over
a concentration range of 13 pg to 1.02 ng on column (Table 1). The limits of
detection for several of the pesticides are given in Table 1 and the reproducibility
of the method (6%-9%) was estimated by using the absolute peak volume of the
analytes per picogram over the calibration range. The 14 pesticides in Figure 1A
were baseline separated with 3.5 minutes using the C2DGC system while several
of the pesticides could not be baseline resolved even after one hour with a one-
dimensional GC system.
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Figure 1. Using high-speed comprehensive 2D gas chromatography, peak volumes (instead of
only peak areas or heights) can be obtained (1A). By measuring peak volumes, attogram
detection is achievable (1B).
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Table 1. Calibration results for fast analysis of pesticides®

Compound Intercept Slope r LOD* (pg)
Phorate 0.14410 0.005240 0.99943 2.8
Fonofos 0.03766 0.006689 0.99942 1.8
Terbufos 0.13170 0.004511 0.99802 33
Atrazine 0.11340 0.005177 0.99845 2.7
Diazinon 0.07456 0.004977 0.99923 1.8
Dacthal 0.14560 0.002335 0.99915 3.8
Alachlor 0.12560 0.007348 0.99773 23

Metolachlor 0.01107 0.011073 0.99933 1.9

* The GC oven was kept at 118°C for 0.5 min and then programmed to 200°C at 15°C/min. The
modulator chamber was kept at 150°C isothermal.

" Regression coefficient '

“ Limits of detection were measured as the analyte quantity on column using an FID detector.

We are currently developing methods to analyze PCDDs, PCDFs, ¢cPCBs by
C2DGC/HRMS. Preliminary results indicate that we can separate and analyze
these toxicants an order of magnitude faster with attogram on-column sensitivity
(Figure 1B). This new system should allow us to dramatically speed-up the
analysis in human samples and thereby reduce the cost of these analyses. The
normal 1 hour chromatogram for the HRGC/HRMS analysis of
PCDDs/PCDFs/cPCBs on a 60 meter DB-5 capillary column is shown in Figure 2A.
The analysis time can be dramatically reduced by using a 2 meter column with a
0.1 mm ID and 0.1um film thickness. The same 24 compounds can be analyzed in
just over 7 minutes(see Figure 2B) with the shorter column. The PCBs shown in
Figure 3A can be analyzed in 10 minutes by employing the shorter narrower
columns. The increase in sensitivity for 2378-TCDD analysis over time is shown
in Figure 3B. This increase in sensitivity has been mainly achieved by ever more
sensitive high resolution mass spectrometers. However, the new C2DGC
technique has allowed us to have a 0.01 part-per-quadrillion detection limit for
2378-TCDD in 200 grams of human serum. This sensitivity enhancement could,
however, also be used to allow the analysis of less serum. The use of smaller
serum samples allows us to miniaturize and increase the speed of the sample
cleanup procedures. The higher throughput and reduced cost will allow larger
epidemiologic studies to be conducted with higher statistical power to find any
potential association of body burden with health effects.

ORGANOHALOGEN COMPOUNDS
Vol. 27 (1996) 311




ANA

80

2376F

1
81

e ]

16

:00

20:00

12378F 23476F

12340

2378D

126

L

168

123789

A

123478F 123478D

]

123789D
123678H

234678F
1236780

24:00

28:00

32:00  36:00  40:00

o

44:00

123789F

HRGC-IDHRMS of PCDDs/PCDFs/cPCBs

12346760 OCDD

123467¢H

E— 12346790

48:00

52:00

OCODF

1234789F

56:00

Fast GC-HRMS of PCDDs/PCDFs/cPCBs

100
90
80 -
70:
60
50 -
40:
30:
20
10:

DB-1; 2m; 0.1 mm ID; 0.7y Film

81-.pCB>

0

:hk-44-441-:-

4:00

5:21

<126-

5:00

6:

B478F
JP678F

<12347jt
12367
12374

2B4678H

12378

00

<1234678

7:00

Figure 2. PCDDs, PCDFs, and cPCBs can be adequately separated and analyzed in about 1
hr using high-resolution gas chromatography/high-resolution mass spectrometry (HRMS) (2A).
By interfacing fast chromatography with HRMS, the same compounds can be separated and
analyzed in less than 8 min.
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Figure 3. The PCBs which have been analyzed using HRGC-isotope dilution-HRMS in about
lhr can now be analyzed in about 10 mins (3A) using the shorter, narrower column. The
decrease in detection limits of 2.3.7,8-TCDD over a decade (3B) is mainly attributable to
more sensitive high-resolution mass spectrometers. However, the new C2DGC technique has
allowed the detection of only (.01 ppq 2,3.7.8-TCDD in a 200g serum sample
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