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Introduction. 
The presence of polychlorinated biphenyls (PCBs) in the biosphere has been extensive

ly studied during the last 30 years, both in terms of total PCBs (Aroclor® equivalents), and 
more recently as individual chlorinated biphenyl (CB) congeners and the sum, ZCB, of 
these'. The load of PCBs and other persistent pollutants in humans have mostly been 
based on studies using blood and/or human milk as the matrix of interest̂ . The rationale 
behind this sampling strategy is, that sampling can be done without major inconvenience to 
the experimental persons. The determination of CB congeners in human umbilical cords 
has apparently not been reported previously. A sensitive method was needed for the 
detennination of a number of individual CB congeners in human umbilical cord samples 
from the Faroe Islands where mercury exposures are high^ For this type of tissue, a low 
content of lipids and of CB congeners is expected. The relatively small amount of sample 
(1-5 gram) that is available for the analyses, required a major revision and refinement of 
the analytical method. The aim of the present study was to optimize an analytical method
ology, hitherto used for high CB congener levels in biological samples, in order to enable 
identification and quantification of CB congeners present in very low concentrations in the 
human umbilical cord samples. 

Materials and methods. 
The method for analysis of marine mammal tissue samples" was optimized in order to 

detect much lower levels of CBs. The method is described in detail*. Briefly, the samples 
were spiked with recovery surrogate standards (5 ng CB/sample), and extracted with 120 
ml n-hexane:acetone (1:1 w) in an Ultra-Turrax blender. The extract was dried and lipid 
determination was done gravimetrically. Sample clean-up was done on a multi-layer clean
up column containing: 5 gram basic AljOj (3 % w/w water)/1 gram of silica/5 gram silica 
containing 40 % H2SO4 (w/w)/1 cm of anhydrous NajSO .̂ The residue was eluted with 100 
ml of n-hexane. The internal standards were added, and the volume adjusted to 1 ml 
(concentration of the internal standards: 5 ng/ml). The samples were analyzed by dual-co
lumn capillary GC/ECD, using a revised version of the method published eariier for the seal 
tissue samples*. The two columns were 60 m and 0.25 mm i.d., J&W DB-5 0.11 pm d, and 
J&W DB-1701 0.15 pm d„ respectively, and the injection volume was 2 pl. 
Qualitv assurance. A certified mackerel oil sample BCR-CRM 350^ was used as control 
sample. A sample size of 25 mg would yield a similar absolute amount of lipid per sample 
as expected for the cord samples, and a CB congener level per sample extract about 2-10 
times as high as expected in the cord samples (range: 0.6 ng/ml - 8.0 ng/ml). Two control 
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samples were added in each analytical run, in order to determine the variance components 
in the method*'^'". A blank sample was included in each analytical run. 
The establishment of control charts. Control charts were established based on ANOVA of 
the results obtained from the repeated analyses of the control sample. In the present 
method, two types of control charts, namely the X-chart for the average values of the 
duplicate measurements of the control sample and the Z-chart for the difference between 
the two measurements, are established. X- and Z-charts are prepared for each variable. 

The statistical model for analysis of the control sample data is given as 
Y|j = p + B| -H Eij where p is the mean, B is the contribution from batches and E is the 
residual variation of the method, ANOVA of the n set of measurements consisting of r 
replicates yield the mean square between batches (s|) and the mean square within 
batches (sl). s| estimates ro| + a|. and sl estimates a|. The estimate of the batch vari
ance, ^ , is then calculated as 6^ = 7(SB-S|) and it has (n-1) degrees of freedom. The 
estimate of the residual variance, a|, is 6| = s|, and this estimate has n(r-l) degrees of 
freedom. 
The standard deviation of the mean of m measurements in a batch is estimated by 

= Ql rn 

- Ss (i 
m 

- i)sj 
(1) 

The variance estimate of Z is ŝ  = 2a| = 2SE. The estimated total variance of a single 
measurement by the method, based on the results of the above ANOVA, is a^j^^ = 6^ + 

Results and discussion. 
Cord samples A chromatogram of a cord sample is shown in figure 1. Preliminary data 
(N=60 samples) show that CB-153 has an average value of (0.5010.28) ng/g wet weight 
(range 0.15-1.48 ng/g). The lipid% is in average (0.15±0.08)% (range 0.03-0.52 %). The 
laboratory recovery is in average (83±8)% for CB-40 and (75±10)% for CB-198. 

Figure 1. GC/ECD ctiromatogram (DB-5 column) of a 2 ng/ml calibration standard and a human umbilical 
Cord sample. 
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Table 1. ANOVA of data from analyses of 4 x 
control charts. 

Table 1 

Variable 

CB-52 

CB-101 

CB-149 

CB-118 

CB-153 

CB-138 

CB-180 

CB-3 (%) 

CB-198(%) 

CB-40 (%) 

Lipids (%) 

ANOVA of the control samples 
(4 batches of 2 samples) 

<Y> ng/g 

59 

140 

150 

112 

270 

210 

58 

71 

90 

96 

100 

OB (ng/g) 

3.2 

7.9 

3.7 

10 

17 

33 

2.1 

11 

5.0 

5.7 

6.1 

OE (ng/g) 

3.8 

5.2 

3.5 

3.3 

4.4 

10 

1.4 

15 

2.3 

2.6 

0.8 

2 replicates. Preliminary limits for the 

Variance limits for 
X-, Z-chart 

s<Y> ng/g 

4.2 

8.7 

4.5 

11 

17 

34 

2.4 

16 

5.3 

6.0 

6.1 

Szng/g 

5.4 

7.4 

5,0 

4.6 

6.2 

15 

2.0 

'22 " 

3.3 

3.7 

1.1 

RSD of a single 
measurement (%) 

Orcal (%) 

8.5 

6.7 

3,4 

9.8 

6.3 

17 

4.4 

'"2'-7' 

6.2 

6.6 

6,1 

^Repeal ( % ) 

6.5 

3.7 

2.3 

2.9 

1.6 

4.9 

2.4 

22 

2.6 

2.7 

0.8 

Control charts 
The results of the ANOVA for the control samples are given in Table 1. An example of 

a control chart is shown in figure 2. The total variance of a single measurement by the 
method (given as RSD%) ranged from 3.4% (CB-149) to 9% (CB-118), with exception of 
CB-138, which had a RSD of 17%. 
The increased variability for CB-138 
may be due to interference from 
CB-163". The total variance of CB-
153 (highest concentration) is com
parable to that of CB-52 (lowest 
concentration), although the concen
tration of CB-153 exceeds that of 
CB-52 by about a factor of five. 
Among the laboratory recovery sur
rogate standards, the RSD of CB-3 
was 27%, while CB-198 had an 
RSD of 6.2%. The large RSD of 
CB-3 is believed to be due to partly 
evaporation of this compound during 
the gravimetric lipid determination. 
The RSD of the lipid determination 
is 6.1%, and this figure is compar
able with that of the CB congeners. 
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Figure 2. X-chart for CB-153, based on ANOVA of 4 batches 
ot duplicates. • ) ANOVA data; D) data; v certificate value. 
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Conclusions 

A sensitive GC/ECD method has been developed for measurement of CB congeners in 
human umbilical cord tissues. The use of control samples and control charts is demonstra
ted. An initial estimate of the method reproducibility was made from four duplicate 
measurements of a control sample, with a concentration of CBs ranging from 0.5 to 10 ng 
CB per sample extract. The total RSD was in the range 3 -10 % with a single exception 
of 17 % (CB-138). The RSD of the lipid determination step was 6 %. The method was 
developed from a cun-ent method, used for CB congener analyses in marine mammal 
samples, to enable trace level CB congener analyses in human umbilical cord samples. 
The major problem of this transition was the small amount of sample available, combined 
with the low lipid- and CB congener content. CB-153. CB-138, CB-180 and p.p'-DDE are 
present in detectable amounts, but the levels are close to the detection limit. 

Acknowledgments 
The umbilical cords were obtained in connection with a cohort study in the Faroe 

Islands^ directed by Philippe Grandjean, M.D., and Pal Weihe, M.D. Partial support for the 
PCB analyses was obtained from the European Commission (Environment Research 
Programme contract # EVSV CT92-0219). 

References. 
1 M D Erickson (1986): The Analytical Chemistry of PCBs (Buttenvorth Publishers). 
2 A A Jensen & S A Slorach (ed.) Chemical contaminants in human milk. CRC Press 

1991, USA. 
3 P Grandjean P Weihe P J Jergensen T Clarkson E Cernichiari and T Videra (1992) 

Impact of maternal seafood diet on fetal exposure to mercury, selenium and lead. 
Arch. Environm. Health 47(3):185-195. 

4 E Storr-Hansen & T Cederberg (1992) Determination of (Xiplanar polychlorinated 
biphenyl (CB) congeners in seal tissues by chromatography on active cartDon, dual-co
lumn high resolufion GC/ECD and high resolution GC/MS. Chemosphere 24(9):11 Si
l l 96. 

5 E Storr-Hansen (1994) Analysis of chlorinated biphenyl congeners in human umbilical 
cord: Some approaches in the development and performance evaluation of an analyfi-
cal method. Submitted to Int. J. Environm. Anal. Chem. 

6 E Storr-Hansen (1991) Comparative analysis of 30 PCB-congeners on two capillary 
columns of different polarity with non-linear multilevel calibration. J. Chromatogr. 
558:375-391. 

7 B Griepink, D E Wells, M F Ferreira (1988) The certification of the contents (mass 
fractions) of chlorobiphenyls (IUPAC Nos 28, 52, 101, 118, 138, 153 and 180) in two 
fish oils. Commission of the European Communifies, Community Bureau of Reference. 
EUR 11520 EN. 

8 J K Taylor (1987): Quality Assurance of Chemical Measurements, Lewis Publishers. 
9 E Storr-Hansen & H Spliid (1993) Coplanar polychlorinated biphenyl congener levels 

and patterns and the identification of separate populations of HartDour seals (Phoca 
vitulina) in Denmari<. Arch, Environm. Contam. Toxic. 24:44-58. 

10 E Storr-Hansen & H Spliid (1993) Distribution patterns of polychlorinated biphenyl 
(CB) congeners in harbor seal (Phoca vitulina) tissues: Statistical analysis. Arch. 
Environm. Contam. Toxicol. 25(3):328-345. 

11 B Larsen & J Riego (1990) Interference from 2,3,5,6,3',4'-hexachlorobiphenyl (CB-163) 
in the determination of 2,3,4,2',4',5'-hexachlorobiphenyl (CB-138) in environmental 
technical samples, intern. J. Environm. Anal. Chem. 40:59-68. 

ORGANOHALOGEN COMPOUNDS 
194 Vol.19 (1994) 


