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Introduction 

Polychlorinated dibenzo-p-dioxins (PCDD), polychlorinated dibenzofurans (PCDF) and 
coplanar PCBs (cPCB) are persistent organic pollutants found throughout the worid. The human 
toxicity for PCDDs, PCDFs and cPCBs has been controversial and highly publicized. 
Considerable animal data on the toxicities of dioxins, furans and cPCBs has been gathered but 
there are concems over interspecies differences, high-dose to low-dose extrapolations, and 
animal to human extrapolations. These uncertainties have indicated the need for more human 
studies to understand and perform human risk assessment. 

To increase knowledge about the threat of PCDDs, PCDFs and cPCBs to human health, 
large human studies are needed. These studies require both a laboratory and epidemiology 
component. In order to increase the statistical power of epidemiologic studies by increasing the 
number of participants, faster and less costly analytical methods must be developed for the 
measurement of PCDDs, PCDFs, and cPCBs in human samples. The current HRGC-HRMS 
analytical method for dioxins, furans ,and coplanarPCBs is very time-consuming. We recently 
have developed methods which greatly increase the sample throughput by using thin film, short 
narrow-bore columns. This technique is known as fast gas chromatography. We also have 
recently been successful in coupling fast GC to high resolution mass spectrometry (HRMS). 
This has yielded a fast, sensitive and highly specific analysis for persistent organic pollutants (in 
this case PCDDS, PCDFs, and cPCBs). We have also coupled fast GC/HRMS to isotope 
dilufion (ID) for the quantification of PCDDs, PCDFs and cPCBs in human serum. This fast 
GC/ID-HRMS method has been validated on serum QC materials against previously validated 
GC/ID-HRMS methods in our laboratory. 

Experimental 

60 meter GC/HRMS Analysis. The data was collected on a Micromass Autospec Ultima 
equipped with a HP 5890 GC. The instrument resolution was 10,000 (10% valley ). The source 
temperature was 250°C. Ionization was performed by electron impact with an electron energy of 
30 eV. The injector and transfer line were both 250°C. Helium was used as a carrier gas with a 
linear velocity of 30 cm/sec. The column was a 60 m DB-5MS with 0.25 mm ID and 0.25 pm 
film. The initial column temperature was 100°C which was held for 2 min. The column 
temperature was then increased at 25°C/min to 220° and held for 2 min. The oven temperature 
was then increased to 250°C at 15°C/niin. and held for 32.2 min. The temperature was finally 
ramped to 300°C and held for 11 min. 
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30 meter GC/HRMS Analysis. The data was collected on a Micromass Autospec equipped with a 
HP 5890 GC. The mass spectrometer instrument resolution was 10,000 (10% valley). The 
source temperature was 250°C. Ionization was performed by electron impact with an electron 
energy of 30 eV. The injector and transfer line were both 250°C. A linear velocity of 30 
cm/sec. with helium carrier gas was used. The column was a 30 m DB-5MS with 0.25 mm ID 
and 0.25 pm film. The initial column temperature was 100°C which was held for 2 min. The 
column temperature was then increased at 25°C/niin to 220° and held for 2 min. The oven 
temperature was then increased to 250°C at 15°C/niin. andheldfor 11.4niin. The temperature 
was finally ramped to 300°C and held for 4.2 min. 

Fast GC/HRMS. The data was collected on a Micromass 70-4SE equipped with a HP 6890 GC. 
The instmment resolufion was 10,000 (10% valley). The source temperature was 280°C. 
Ionization was performed by electron impact with an electron energy of 30 eV. The injector and 
transfer line were both 280°C. The injector port temperature was 260°C. The GC was operated 
in the constant flow mode with a linear velocity of 23 cm/sec. A 20 m DB-5 column was 
employed with a 0.1 mm ID and . l/.<m film. The initial column temperature was 100°C. The 
column temperature was then increased at 75°C/min to 185°. The temperature was finally 
ramped to 320°C at 50°C/min and held for 5 min. 

Results and Discussion 

The current methods for GC/ID-HRMS are specific, accurate, and sensitive''̂ . These 
methods have generated a large amount of data on PCDDs, PCDFs and cPCBs in human semm. 
Figure 1A shows the 60 meter GC/ID-MS mn for standard of PCDDs, PCDFs and cPCBs and 
Figure IB shows results from a semm QC sample. These are reliable methods but are slow and 
expensive. To improve the sample throughput and reduce the cost of analysis, new sample 
preparation procedures have been developed'. However, new mass spectrometric methods were 
also needed to increase the speed of analysis. First, a method which employed a 30 m x 0.25 mm 
DB-5MS was developed. A chromatogram with standards is shown in Figure 2A and a 
chromatogram of a semm QC extract is in Figure 2B. This method has been validated and is 
currently in use for dioxin studies. 

We recently developed methods that utilize thin film narrow-bore GC columns. These 
fast GC methods were found to be accurate and reliable. The chromatograms for standards and 
semm QC extracts of PCDD, PCDF and cPCBs. are shown in Figures 3A and 3B, respectively. 
This method proved comparable to the previous method. Initially, there was some overiap of 
peaks that required a small change in the ions in which were monitored. These two changes 
were both in isotopically labeled channels of tetrachloro fliran and pentchloro PCB. We 
previously monitored M and M-<-2 for both these labeled compounds but, now, monitor M-t-2 and 
M-<-4 ions by fast GC/ID-HRMS. Figure 4 shows the QC chart for the resuhs of analyses on the 
70-4SE by fast GC/ID-HRMS and on the Autospec on a 30 m x 0.25 mm column. These 
analyses were obtained on the same semm extracts; therefore, the comparisons can be considered 
purely instmmental. The Autospec would analyze 2 /.iL of a 5 yuL extract on the 30 m column, 
then the 4-sector would analyze the next 2 pL by fast GC/ID-MS. For selected compounds. 
Tables 1 and 2 show the mean ofthe analyses for concentration and chlorine isotope ratios, 
respectively. These results were almost identical even though two different GC methods on two 
different instmments were used. We plan to implement the fast GC/ID-HRMS analysis for 
human studies in the near future. 

ORGANOHALOGEN COMPOUNDS 
120 Vol. 31 (1997) 



ANALYSIS 

lOOi 
90 
80 
70 
60 
50 
40 
30 
20 
10 
0* 

126 
23478F 

- t l i 

123678D 

JIU 
35:00 40:00 

123789D 
1234678D 

§ 

20:00 25:00 30:00 45:00 50:00 55:00 

1001 ' 
90 
80 

OO 

60 
50 
40 
30 
20 
10 
IT 

1234D 
126 

v^JfaJ i r i^^M,^^^^^ 

B 
23478F 

X 

fe 

u 1 1 » > 

# 
^ 

g 

11 
20:00 25.00 30.00 45:00 50:00 55:00 

Figure 1: 60m x 0.25 mm DB-5MS GC/ID-HRMS of A) PCDD, PCDF, cPCB Standard 
and B) Semm Extract. 

1001 
90 
80 
70 
60 S 
50 
40 
30 
20 
10 

S 123789D ^ 

00 

ii 
DL. 
Q u 

12:00 14:00 16:00 18:00 20:00 22:00 24:00 26:00 28:00 

too 
90 
80 
70 
60 
50 
40 
30 
20 
10 
0* 

B 

00 

im. 

12378D 

. M i 

16:00 

O 
t 123789D 

fe 

LL 
12:00 14:00 18:00 20:00 22:00 24:00 26:00 28:00 

Figure 2: 30m x 0.25 mm DB-5MS GC/ID-HRMS of A) PCDD, PCDF, cPCB Standaid 
and B) Serum Extract. 
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Figure 3 : 20m x 0.1 mm DB-5 Fast GC/ID-HRMS of A) PCDD, PCDF, cPCB Standard 
and B) Serum Extract. 
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Table 1 : Comparison of Concentrations (ppq) in Serum QC Pool Samples 
by Conventional and Fast GC/HRMS 

2378D 

12378D 

23478F 

CONVENTIONAL 
GC/HRMS 

AUTOSPEC, n=6 

123 ±9.0 
CV = 7.3% 

119 ±11.4 
CV = 9.6% 

135 ±12.1 
CV = 8.9% 

FAST GC/HRMS 
4-SECTOR 

n=6 

122 ±9.7 
CV = 8.0% 

102 ±10.6 
CV = 10.3% 

133 ±12.1 
cv = 9.1% 

Table 2 : Comparison of Isotope Ratios in Serum QC Pool Samples by 
Conventional and Fast GC/HRMS 

2378D 

12378D 

23478F 

CONVENTIONAL 
GC/HRMS 

AUTOSPEC, n=6 
0.75 ±0.025 
CV = 3.4% 

0.62 ±0.021 
CV = 3.4% 

0.62 ±0.024 
CV = 3.9% 

FAST GC/HRMS 
4-SECrOR 

n=6 

0.79 ±0.092 
cv = 11.6% ^ 

0.63 ±0.082 
cv = 13.0% 

0.62 ±0.073 
cv = II.8% 
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