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ABSTRACT 

The elution patterns of polychlorinated biphcnyls (PCBs) are diiferent on capillary columns of 
different polarities. Congeners which elute as single peaks on one type of column may co-elute with other 
congencrs on another type of column. This paper describes quantitative results from the analysis of 
calibration standards and various sample extracts from seals using a capillary dual-column gas chromato- 
graphy system with electron-capture detection where the two capillary columns arc operated in parallel 
with a glass T-split. Non-linear multi-level calibration graphs and choice-of-tit functions are discussed with 
respect to the quantitative analysis of thirty PCB congeners. The differences in the results of the analyses on 
the two columns are evaluated. and an approach for Iprcparing a single quantitative report from the two 
sets of analytical results is proposed. 

INTRODUCTION 

The analysis of specific polychlorinated biphenyl (PCB) congeners in environ- 
mental samples by capillary gas chromatographyyelectron-capture detection (GC 
ECD) has been widely reported [l&4]. The precise identification and quantitation of 
specific PCB congeners is required as the toxicity of the congeners varies considerably 
[2]. The burden of the most toxic congeners. the non-ortlzo co-planar PCBs and their 
mono- and di-orrho derivatives, must be determined with the best precision possible 
in environmental samples. 

The most common methods use a single capillary column for the separation, 
identification and quantitation of the PCB congeners. However. the complete sep- 
aration of all congeners on a single capillary column has not yet been reported. 
Identification based solely on retention time (tR) on a single column with ECD may 
still leave interfering compounds to be falsely identified as PCBs. Confirmation analy- 
sis of PCBs is frequently performed by analysing the sample on a second column of a 
different polarity [4-91. Dual-column chromatography, where the two columns are 
installed in parallel in a GC oven, enables confirmation analysis to be routinely 
performed [5,8]. 
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TABLE I 

PCB CONGENERS IN CALIBRATION STANDARD MIXTURE 

Pentachlorobenzene, hexachlorobenzene, p,p’-DDE and octachloronaphthalene are included in the mix- 
ture, but not discussed further here. PCB-149 (2,2’,3,4’,5’,6-H,CB) was added in later preparations of the 
mixture. M,,CB = Monochlorobiphenyl; DtCB == dichlorobiphenyl: T,CB = trichlorobiphenyl; Te = 
tetrachlorobiphenyl; P,CB = pentachlorobiphenyl: H,CB = hexachlorobiphenyl: H,CB = heptachloro- 
biphenyl: 0,CB = octachlorobiphenyl. 

IUPAC No. 1-ortllo” 2-0lYlW* ICES’ Other purpose 

PC%3 
PCB-15 
PCB-28 
PCB-3 1 
PCB-37 
PCB-44 
PCB-52 
PCB-53 
PCB-70 
PCB-HI 
PCB-95 
PCB-101 
PCB-105 
PCB-1 IO 
PCB-114 
PCB-118 
PCB-12X 
PCB-136 
PCB-137 
PCB-138 
PCB- I53 
PCB- I55 
PCB-156 
PCB- 157 
PCB-158 
PCB-166 
PCB-167 
PCB- I70 
PCB-180 
PCB-I 89 
PCB-194 
PCB-198 

‘I Mono-ortho co-olanar PCBs I21 
h Di-ortho co-planar PCBs [2]. _ . 
’ Compounds recommended by ICES [6]. 
d Recovery surrogate standard. 
LI Non-ortho co-planar PCB. less toxic than PCB-77. -126. -169 [2]. 
r Internal standard. Octachloronaphthalene is third internal standard. 
4 Interfering compounds known from DB-5 (PCB-77 and PCB-I IO) [1.3]. 
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A stock solution of the calibration mixture containing approximately 1000 
ng/ml of each compound (PCB-3 = 43 000 ng/ml because of low ECD response) was 
prepared in iso-octane. Standard calibration mixtures were made by diluting the 
stock solution by volume. 
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Fig. 1. Response curve fits for PCB-101 showing power, second-order. linear, exponential and logarithmic 
fits. The X-axis units are the injected amounts of PCB-101 in picograms and the Y-axis units are the peak 
heights of PCB-101 relative to the peak height of the internal standard PCB-155 (IS-2). 

Quantitative unalysis 
The instrumental detection limit was calculated as 3SC, (ng/ml), where 5’ is the 

standard deviation of the response [peak heights relative to the peak height of the 
internal standard PCB-155 (H/H,,)] for three injections of standard calibration mix- 
ture with a concentration C, = 5 ngjml. The values ranged from 0.1 to 0.5 ng/ml 
injected. In samples, the detection limit could be higher, corresponding to the degree 
of dilution of the extracts. Dilutions were required as a result of the large amount of 
sample used, which was in turn required by the low levels of non-or.t/zo co-planar 
PCBs present in the samples. 
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Fig. 3. Coefficient a (C) and power h ( A) of the power fit function cf.? of each analysed PCB conyener as a 
function of the number of chlorines. The value of 0 increases with degree of chlorination. whereas h is fairly 
uniform for different degrees of chlorination. 

ble with respect to relative error, except near the detection limit where the power fit 
had the lowest relative error. Based on this, the calibrated range was narrowed down 
from detection limit up to 250 ng/ml, and the power fit method was chosen for all 
PCB congeners. As a result of the relatively large number of analytes, only four 
calibration levels were used, namely 5, 20, 100 and 250 ng/ml, because of the limita- 
tions of the software in data handling. As the power function passes the origin by 
definition, the origin was ignored as a data point. 

For each PCB congener in the mixture, and for both columns, the best fit of the 
power fit function, based on the least-squares method, was then calculated during 
calibration. The fit was characterized by coefficient a and power h (a.~“) in the fit 
function, and a correlation coefficient r’. The value of r2 was in the range 0.998-I ,000 
for all PCB congeners (n=30) for both the DB-5 and DB-1701 columns. The fit 
parameters for each PCB congener on the DB-5 column were plotted IY~.YZIS the 
degree of chlorination (N,-J (Fig. 3). The power of the fit function (h) was seen to be 
fairly uniform for the different degrees of chlorination, whereas the coefficient (u) 
increased with degree of chlorination. This finding was consistent with literature 
reports of increasing response factors (RFs) with increasing numbers of chlorines 
[I,41 from linear or single level calibration. 

The values for the coefficient (a) and the power (h) of the fit functions from the 
two columns were compared for all congeners by a two-tailed Student’s l-test. A 
significant correlation @ = 0.05) between both the u values from the two columns and 
between the h values from the two columns were found. This was taken to indicate 
that similar calibration functions apply on both columns and detectors. 

If a larger calibration range was used, the second-order tit was preferable. The 
fit error near the detection limit was reduced by plotting a straight line from the 
lowest calibrated point to the origin. 

The stability of the RFs was investigated to determine how often recalibration 
should be performed during larger numbers of analyses. An RF was calculated and 
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Fig. 5. Difference between analytical results from DB-S and DB-I 701 columns as a percentage (A&. Mean 
f standard deviation of values from four calibration levels for each PCB congener. The two quantitative 
results are comparable and independent of calibration level. 
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Fig. 6. Difference between analytical results from DB-5 and DB- I701 columns as a percentage (AFIR). Mean 
f standard deviation of 4 FR values for repeated injections of a 50 ng,‘ml calibration standard compared to 
repeated injections of a seai blubber extract. 
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mixtures in Fig. 6, a maximum value for A F,‘R of f 5% was chosen as an estimate for 
the insignificant difference between the two signals during sample analysis. 

Analysis of animal tissues 

Blubber samples from three animals and several tissues from one seal were 
analysed and the values of dF,R in the sample extracts evaluated (Figs. 7 and 8). The 
blubber extracts were diluted 2-400 times. The tissue samples were analysed in se- 
quences as given in the caption to Fig. 7. 

In all samples, PCB- 114 had a co-eluting compound on the DB- 1701 column as 
reported previously [5]. PCB-101 was overestimated by the DB-5 column (dF,R = 
7-l 1%) in all samples. This was in accordance with earlier reports, which stated that 
PCB-90 is a possible co-eluting compound with PCB-101 on the DB-5 column 
[3,7,15], and that it constitutes about 10% of the peak at the tR value of PCB-101 on 
the DB-5 column [16]. PCB-138 was overestimated on the DB-5 column (dF,R = 
3311%). This was in agreement with the results reported by Larsen and Riego [7], in 
which PCB-163 (2,3,3’,4’,5,6,-H,CB) was identified to constitute lo-30% of the peak 
at the tR value of PCB-138 in various environmental and technical samples analysed 
on the DB-5 column. Williams and Lebel [9] also reported consistently higher values 
(about 10%) for PCB-138 on an SPBS column relative to values found by a more 
polar SPB35 column. In a11 samples, p,p’-DDE had positive values of dr/R (13-30%). 

In the tissue samples, PCB-170 was overestimated by the DB-1701 column 
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Fig. 8. Difference between analytical results from the DB-5 and DB-1701 columns as a percentage (A,,,) 
for selected PCB congeners, in extracts of various tissues from one seal. Capital letters = tissue code in 
figure. date of analysis of batches in parentheses. LIver/LUng/Kldney (May 18th, 1990), BLubber (July 
6th, 1990) ADrenals/BlooD/BRain/HEart (July 19th. 1990) and SPleen:MUscle/LYmph nodes (July 

26th, 1990). The value of d,!, of PCB-I 18 follows the batch; a possible co-eluting compound on DB-5 was 

PCB-149 [3,15]. 
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Fig. 9. (A) Critical chromatographic separations of PCB- I18 and PCB-149, PCB-153 and PCB-105 and 
PCB-138 and PCB-158 in a standard mixture (upper panel) and a seal blubber extract (lower panel) on the 
DB-5 column. (B) Critical chromatographic separations of PCB-I 1X and PCB-149, PCB-153 and PCB-105, 
PCB-138 and PCB-I 58 and PCB-157 and PCB-180 in the same standard mixture (upper panel) and a seal 
blubber extract (lower panel) as in (A), analysed on the DB-1701 column. 
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Non-linear multi-level calibration was required for the determination of specific 
PCB congeners in marine mammal samples using this system. Power fit (u.?) was the 
best fit for the calibrated range from detection limit up to 250 ng/ml, whereas the 
second-order fit (ux’ + hx + c) was a better choice for larger calibrated ranges. 

The dual-column analysis of blubber and other tissues from seals revealed that 
PCB-101 and PCB-138 were overestimated by about 10% on the DB-5 column rela- 
tive to the DB-1701 column. This finding is consistent with earlier reported work, and 
the DB-1701 column is thus preferred as a quantitative column for these congeners. 

The difference in analytical results from the two columns were evaluated as a 
percentage, dEIK. dFiR was useful in the evaluation of the very large amount of data 
from the dual-column system. A quantitation procedure based on the value of dF,,R is 
proposed. In general, the smallest analytical result was accepted, with exceptions for 
PCB-105, -158, -157, -128 and -167. These PCB congeners could be identified or 
quantitated on only one of the two columns, and accordingly other techniques are 
necessary to confirm the identity for these PCB congcners. A 5% difference between 
the DB-5 and DB-1701 quantitative results is considered insignificant, based on the 
overall measurement uncertainty in this automated capillary GC--ECD system. 
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