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1. Introduction. 
Geographically separately living populations of wildlife animal species have been 

shown to elicit different pattems of environmental contaminants such as polychlorinated 
biphenyl (CB) congeners, and different animal species have also been shown to have dif­
ferent CB congener pattems^'^'^. The differences between species regarding CB congener 
pattems have been related to the biotransformation capacity of the species in question'•^•^ 

Polychlorinated biphenyl congeners have been measured in blubber samples from 
harbour seals {Phoca vitulina) in Denmark, after the European seal disease epidemic in 
1988^. This study made use of seals, that were found dead at three geographically separ­
ate locations. The CB congener pattems in the samples were analyzed statistically by 
principal component analysis (PCA) and discriminant analysis. These analyses showed 
that CB congener pattems found in the harbour seals were characteristic for of each 
animal. 

Several possible causes for the observed differences in CB congener pattems were 
considered. The first principal component, corresponding to the largest amount of variance 
in the data set analyzed, could be related to the metabolism of the CB congeners in 
harbour seal^. This interpretation was based on the results of a Dutch seal study^"'^'^ in 
which the CB congeners could be separated into persistent and metabolizable congeners. 

The present study was initiated in order to obtain a better understanding of the 
processes underlying the results of the Danish seal study. Thus, the aim of the present 
study was to study the degree of reflection of the CB congener patterns of the diet (fish) in 
the seals. 

2. Materials and methods. 
The data from the dutch seal experiment in 1981-1983. The Dutch experiment 

took place from 1981 to 1983. Two groups of female harbour seals were held in captivity 
at the Institute of Forestry and Nature Research (IBN-DLO) at the island of Texel^ The 
seals were fed with fish from two different locations namely plaice {Pleuronectes platessa) 
from the Wadden Sea (the high dose group), and mackerel from the Atlantic (the low dose 
group). The amount of ICB given to the seals in the high dose group was about ten times 
higher than that given to the seals in the low dose group. CBs and other compounds of 
interest were determined in blood- and faeces samples from the seals, and results of these 
analyses have been published previously^'^'^. CB congeners were measured by capillary 
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gas chromatography with electron capture detection, with a medium bore SE-54 column. 
After an initial data screening, the CB congener data chosen for statistical analysis wer€i 
(lUPAC #): 28, 52, 49, 44, 70, 101, 99, 151, 149, 153, 137, 138+163, 187, 183, 128, 177, 
172, 180, 170,201 and 194. 

Statistical methods. The original data from the Dutch harbour seal study'-^ werei re­
analyzed using the statistical methods used previously in the Danish seal s tud / . The 
statistical analyses were based on three main concepts, namely 1) normalization and 
standardization, 2) computation of principal components (PCs) and 3) discriminant analysis 
based on the PCs. The aim of the discriminant analysis was to investigate whether the 
variation of the PCs could be used to classify the seals according to the origin of their food 
and/or variation between the two different years of the experiment. The methods used for 
computation of the PCs and of the discriminant analysis are described previously^. The 
statistical analyses were perfonned for the seal samples. Fish data were nonnalized within 
each fish, and the PCs for the fish samples were computed using the means, standard 
deviations and PC weights obtained from the analyses of the seal samples^. 

3. Results and discussion 
The first three PCs accounted for 80.3 % of the total variance in the data set. A 

clear separation between the different groups of samples was observed in the plot of PCS 
against PCI (Figure 1). PC2, which contributes 27 % of the variance was not related to 
either the experimental year or to the type of fish. Samples from seals given Wadden Sea 
fish are abbreviated Wadden Sea seals, and seals that were given Atlantic ocean fish are 
abbreviated Atlantic seals. 

Variation of the CB congener pattem within the seal blood samples. No discrimina­
tion was seen between the two experimental years, within each seal group (Atlantic and 
Wadden Sea seal). It was possible to discriminate between the group of Wadden Sea 
seals and the group of Atlantic seals by use of the first and the third PC. A line separating 
the two groups of seal samples can be calculated from the discriminant analysis. Only a 
single sample out of 41 seal blood samples was misclassified in this way. 

Variation of the CB 
congener pattem within the fish 
samples. The CB congener pat­
tems of the Wadden Sea fish 
samples, were slightly different in 
the two experimental years. It is 
likely, that this variation is due to 
real differences in the fish CB 
congener pattems between the 
two years, but it may also be due 
to analytical variability. As this 
variation is minor, it was decided 
to classify the Wadden Sea fish 
sample CB congener pattems as 
a single group, independent of 
experimental year. Only a single 
Atlantic fish sample was present 
in the data. We are aware, that 
great care should be taken, when conclusions are drawn, based on results from a single 
sample. However, the position of this sample in the PC plot (Fig. 1), combined with the 
biological and sampling variance observed for the Wadden Sea fish samples, strongly 

Figure 1. CB pattems in the food ctiange by biotransformation 
(PCI) and seals reflect the pattems in tt>eir food (PC3). W = seal 
fed w-fish and A = seal given a-flsh. 
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suggests that the CB congener pattern in Atlantic fish differs from that of the Wadden Sea 
fish samples. This is not surprising, as not only the sample location, but also the fish spe­
cies (plaice and mackerel respectively) are different between the two groups of fish. 

Difference between fish- and seal CB congener pattems. A very clear differenti­
ation was observed between the CB congener pattems in seal- and fish samples (Fig. 1). 
This species difference of the CB congener pattems has been obsen/ed by other research-
ers\ and it is in agreement with eariier obsen/ations^'^. The first PC alone is able to dis­
criminate between the fish and seal samples by their CB congener patterns (Fig. 1), and 
except for one misclassification, any sample in the PC plot can be considered as belonging 
to a group, characterized by the species (fish, seal) and the origin of the fish given to the 
seal (Atlantic ocean, Wadden sea). 

Component weights and CB congener deqradabilitv in harbour seal. The compo­
nent weights of the CB congener in the Dutch seal samples are similar to those observed 
eariier in seal samples^. The component weights of the first versus the third PC are shown 
in Figure 2. The major discrimination power between the CB congener pattems in fish and 
in seals is the first PC, which is connected to the enzymatic metabolism of CB congeners 
by the harbour seals''^'. 

The transfomnation process of 
the CB congener patterns from fish to 
predator. The displacement of the fish-
and seal CB congener pattems in the 

PC plot is composed by a metabolic 
contribution (mainly the first PC), and a 
secondary contribution (third PC) which 
can be ascribed to different CB 
congeners pattems in the fish. The 
CB congener pattems in fish is trans-
fonned into a harbour seal CB 
congener pattem (changed to the left 
of the PC plot), as the amount of per­
sistent CB congeners gets higher in 
the predator than in the food. Since 
the initial position centre of the CB 
congener pattem in the two fish diets 
are vertically displaced, so are the CB 
congener pattems of their predator. 
Both groups of seals seem to trans­
form the CB congener pattern in their 
diet in a similar way, as the lines, connecting centres of the predator and diet groups (Fig. 
1), are nearly parallel and of the same length. There is no indication for a relatively larger 
impact of biotransfomnation due to induction of isofonns of the cytochrome P450-system'' at 
higher absolute concentrations in the Wadden Sea seals compared to the Atlantic group. 
The differentiation between the CB congener pattems in the two groups of seals in the 
Dutch study can thus solely be ascribed to different CB congener patterns in their food. 
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Figure 2. Component weights of PCs that discriminate 
between seals. CB congeners are given by lUPAC num­
bers (metabolizable, persistent). 

4. Conclusions 
The CB congener pattems in harbour seals, living in captivity in a Dutch study 

1981-1983, and in their diet (fish), have been compared by analysis of PCs and by linear 
discriminant analysis. The first three PCs accounted for 80.3 % of the total variance in the 
seal data. The two experimental years (1981 and 1983 respectively) do not result in 
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different CB congener pattems within each group of samples. The CB congener pattems 
of the two groups of fish samples (Wadden Sea plaice and Atlantic ocean mackerel) divide 
in two distinct groups. Only one Atlantic fish sample is present in the data, However, the 
position of this sample in the PC plot, combined with the biological and sampling variance 
observed for the Wadden Sea fish samples, strongly indicates that the CB congener pat­
tems in Atlantic fish and in Wadden Sea fish are different, which is a sound assumption as 
not only the sample location, but also the fish species are different. The CB congener 
pattems of the two groups of seals (given Wadden Sea fish and Atlantic ocean fish) can be 
separated by the discriminant analysis. A very clear differentiation between the CB 
congener pattems in seal samples and in fish samples is observed. The first PC is able to 
discriminate between the fish and seal samples. This major discrimination power betv/een 
the CB congener pattems in fish and in seals, is cleariy connected to the structure-related 
biotransformation by the cytochrome P450 system. Both groups of seals transform the CB 
congener pattem in their diet in a similar way. The differentiation between the CB 
congener pattems in the two groups of seals in the Dutch study can thus be ascribed to 
different CB congeners pattems in their food, whereas a possible induction of isofonn!; of 
the P450 system at the higher CB concentrations in the Wadden Sea group does not 
appear to have a recognizable influence. As a supplementary result, it can be 
concluded - based on the above results - that differences observed in CB congener 
pattems between separate living groups of hartaour seals in Denmark is most likely due to 
differences in CB congener pattems of their food. 
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