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PCBs are widespread, persistent organochlorines which have the potential for
harmful biological effects. The number of possible congeners is 209, but few only
are both prevalent and toxic. Commercially-produced PCBs (e.g. Aroclors) consist
o f  m i x t u r e s  c o n t a i n i n g  b e t w e e n  5 0  a n d  9 0  c o n g e n e r s .  A c c o r d i n g  t o  t h e
classification of PCBs based on potential toxicity, environmental prevalence and
relative abundance in animal tissues, the number of environmentally threatening
PCB congeners reduces to about 36, of which 25 account for 50 to 75% of the total
PCBs in biological compartments (McFarland and Clarke 1989). Their dispersion
and accumulation through the ecosystem is reflected by their presence in air, snow,
ice, fish, birds and mammals in the polar regions, in the surface and sub-surface
water of oceans, in the atmosphere, and in a wide range of plankton, fish, and
marine and terrestrial mammals including humans (Safe 1984; Waid 1987). It has
been estimated that about 3 1% of the 1.2 million tons of PCBs that have been
produced are still present in the environment (Borlakoglu and Haegele 1991).

Seven major fish species collected in the Barents and Greenland seas have been
studied in an attempt to answer the question raised by Ottar (1981): “is the Arctic
marine environment,  as  a result  of  i ts  cold cl imate,  a  s ink for  semi-volat i le
organics, such as PCBs, PCDD/PCDFs, organochlorine pesticides, polyaromatic
hydrocarbons (PAHs) and metals, such as mercury, emitted in the mid-latitudes?“.

This work is  part  of  a broader ecotoxicological  s tudy on stable residues in
European Arctic seas (Joiris et al. 1995a, b; 1997).

MATERIALS AND METHODS

Fish samples were collected in the Barents and Greenland seas in the summer of
1991 and 1992 during the ARK VIII (= EPOS II) cruise of RV Polarstern, the
MMBI/VUB ARCTIC cruise of RV Dalnie Zelentsy and Polarstern cruise ARK
IX/l with otter and Aggaziz trawls: haddock Melanogrammus  aegle f inus ,  l ong
rough dab Hippoglossoides platessoides, redfish Sebastes sp. (marinus and/ or
m e n t e l l a ) ,  Atlantic cod G a d u s  m o r r h u a ,  G r e e n l a n d  h a l i b u t  R e i n h a r d t i u s
hippoglossoides, capelin Mallotus villosus and halibut Hippoglossus hippoglossus.
Sampling stations were already described (Joiris et al. 1995a; 1997). Fish samples
were immediately deep-frozen, and PCB concentration was determined later in the
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Figure 1. Example of own standard curve for congener 52 (circles) and certified
solution of congener 52 (EC-143 1, Cambridge: black triangles); peak height
(artificial units) as a function of injected amount (pg)

medio-dorsal part of the fish muscle. PCBs were determined by ECD gas liquid
chromatography (Shimadzu GC-14A) with capillary column after extraction of
l ipids  with a  hexane/acetone solut ion (90-10%).  They were recognized and
quantified as standard mixture Aroclor 1254 (“total” PCBs), as 11 individual
congeners (IUPAC n o 28+31, 52, 101, 118, 138, 153, 156, 170, 180, and 194)
and as “sum congeners”. The recovery for the individual congeners was 89 % (±
4.2%). Figure 1 shows an example of standard curve, as well as the determination
of a certified solution; similar data are available for congeners 28, 52, 118, 153,
180 and 194. Lipid content was determined by extraction with an hexane/ aceton
solution (90/ 10%) and, thus, corresponds to extractable, polar lipids.

Remark: the results did not show a normal distribution; this is why median values
are presented.

RESULTS AND DISCUSSION

The PCB pattern in fish was much closer to the standard mixture 1254 than 1260
(Table l), especially for those congeners presenting a clear difference in both
standard mixtures: 101,180, 170 and 194. A similar conclusion was drawn already
for the PCB pattern in particulate organic matter from the same region (Joiris et al.
1995b). This qualitative difference - in the North Sea, PCB pattern is much closer
to 1260 (Joiris et al. in prep.) - might be due to the origin of the residues, their age
in the environment, and/ or to differences in metabolization in a cold climate. Table
2 lists the median concentrations of PCB congeners quantified in the fish samples
expressed as individual congeners, their relative median contribution (expressed in
% of “sum congeners”), “sum congeners” and “total” PCB (Aroclor 1254). Clear
differences appear when comparing median PCB values in the different species,
from 6 ng sum congeners/ g dw in haddock to 113 in halibut. These differences
correspond to differences in l ipid content ,  and al l  species showed a similar
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Table 1. Relative mean contribution of 11 individual congeners (as % of “sum
congeners”) in the standard mixtures Aroclor 1254 and 1260, and in fish from
the Barents and Greenland seas; n = number of samples

Congener> 28 52 101 118 153 138 156 180 170 194
n + 31

1254 13 1 4 20 33 16 18 5 3 2 1
1260 2 0 1 3 8 15 19 15 3 21 10 6
Fish 168 4 9 21 17 16 18 7 7 2 1

contamination when expressed on a lipid weight base: between 200 and 300 ng/ g
lw, with the exception of capelin (120) and Atlantic cod (500) (Fig. 2, Table 2);
these two exceptions might be due to differences in lipid composition, or to
migratory movements causing contamination in other water masses.

Phillips (1980) reported that the concentration of the PCB residues in biological
tissue is positively correlated with the extractable lipid. Jensen et al (1972) noted
that PCB concentrations in herring was higher than that of cod and attributed this to
the greater lipid content of herring than cod. An extensive study of freshwater fish
from a Finnish lake by Hattula et al. (1987) confirmed this observation. Other work
and similar conclusions concerning PCBs in fish have been made by Barber and
Warlen (1979) and Stout (1980). So that differences in PCB load among fish
species can be explained by differences in lipid content.

Within species, a strong correlation between lipid content and PCBs concentration
was detected as well (Figs. 3 - 7 for haddock, redfish, Atlantic cod, Greenland
halibut and capelin, respectively). The conclusion is that uptake of PCBs by fish is

Table 2. PCBs in fish: concentrations of individual congeners, sum congeners
and “total” PCBs (as Aroclor 1254) (ng/ g dw); lipid content (g/ g dw); sum
congeners (ng/ g lw); median values; n = number of samples; nd = not detected

Species > Haddock Long rough Redfish Atlantic Greenland Capelin Halibut
dab cod halibut

n> 1 0 16 55 10 9 65 3
Congener (IUPAC n°)

2 8 + 3 1
52

101
118
153
138
156
180
170
194

sum congeners (dw)
“total” PCBs (dw)
lipid weight (g/ g dw)
sum congeners (lw)
total body size (cm)

0 . 8
0.1
0.5
0 . 8
0 . 2
1.3
0 . 2
0.7
0.1
n d

6 . 0
16

0.03
194

19

n d 0.8 1.8 n d 1.6 n d
3 . 4 1.5 8 . 2 6 . 0 3.7 6.1
4 . 2 3.2 18.1 12.8 6 . 4 4 2 . 4
1.3 3.6 0.3 11.6 8 . 0 16.1
1.6 4 . 6 21.8 8.6 8 . 9 17.6
1.6 3.8 19.4 6 . 9 7 . 4 28.8
1.0 0 . 5 3 . 0 7 . 9 1.4 12.2
0 . 7 2 . 0 6.8 3.1 2.3 2 . 6
0.3 0 . 6 2.2 0 . 4 1.2 0 . 9
0.1 0 . 3 0 . 5 0.1 0 . 2 n d

16 21 102 4 8 4 2 113
7 9 7 4 461 249 170 585

0.05 0.07 0.21 0.34 0.41 0 . 6 0
329 283 496 267 121 286

23 11 45 45 14 2 6
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Figure 2. Correlation between the sum of 11 PCB congeners (" Σ c o n g e n e r s " )  
ng/g dw) and lipid content (g/g dw) in the different fish species; median values

F i g u r e  3 .  C o r r e l a t i o n  b e t w e e n  Σ congeners and lipid content in haddock,
Melanogrammus aeglefinus

mainly direct (from water), without significant influence of diet nor age, for both
pelagic and demersal fish.

De Voogt et al. (1990) suggested that fish tissue from relatively uncontaminated
waters, e.g., capelin from Icelandic waters, may contain as little as 10 ng/ g dw of
total PCBs. Our results on capelin ranged from 25 to 450 ng/ g dw, with a median
value of 120. Muir et al. (1992) made a comprehensive study on PCBs in the Arctic
marine ecosystems and reported PCB concentrations in fish far below what was
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Figure 4. Correlation between Σ congeners and lipid content in redfish, Sebas tes

s p

Figure 5. Correlat ion between Σ congeners and lipid content in Atlantic cod,
Gadus morhua.

detected in our work, except for the samples from North of Finland which were
very high compared to what we measured. Hargrave et al (1992) also reported
high PCB concentrations in abyssal fish liver in the Canadian Arctic (1.3 µg
ΣPCB/ g dw): this concentration was far higher than the ones reported here.

Among the 10 highly toxic coplanar PCBs that are able to produce dioxin-like toxic
e f f e c t s ,  4  ( 1 1 8 ,  1 5 6 ,  1 3 8  a n d  1 7 0 )  w e r e  q u a n t i f i e d  i n  o u r  s a m p l e s .  E a c h
contr ibuted between 22 and 56% of  the  sum congeners .  These  f igures  were
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Figure 6. Correlation between Σ congeners and lipid content in Greenland halibut,
Reinhardtius hippoglossoides

Figure 7. Correlation between Σ congeners and lipid content in capelin, Mallo tus
villosus

alarming hence their toxic equivalents (TEQs) were calculated to see if these
components of PCBs pose a significant toxic threat. This was done by computing
theoretical aryl hydrogen hydroxylase (AHH) and ethoxy resorufin O-deethylase
(EROD) concentrations (Table 3)(TEQs were adapted from Smith et al. 1990). The
sum of the concentrations of these four were found to be in the range of 2.4 to 50
rig/g dw and the sum of their TCDD TEQs were 0.07 to 0.90 pg/g dw for AHH
and from 0.1 to 1.5 pg/g dw for EROD. Among them, 170 represented less than
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T a b l e  3 .  C a l c u l a t e d  2 , 3 , 7 , 8 ,  T C D D  t o x i c  e q u i v a l e n t s  f o r  c o p l a n a r  P C B
congeners in fish (10 -6 ng/g dw); AHH = aryl hydrogen hydroxylase; EROD =
ethoxy resorfurin 0-deethylase

4% of the total TEQ values, which makes it an insignificant toxic threat. The
remaining three congeners contributed about 35% each of the total TEQ values in all
the fish, except in haddock, long rough dab, halibut and Greenland halibut where
congeners 156 and 138 contributed between 62 and 90% of the total TEQ values,
which may impart a significant toxic threat.

Some organochlorine pesticides concentrations were also determined in the same
samples: they were generally low (Table 4).

Table 4. Organochlorine pesticides in fish (ng/ g dw)
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