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Introduction 

In order to provide more data for the characteri- 
zation of organochlorine residue levels in marine food 
chains we analysed animals of three areas: English Chan- 
nel (I), central North Sea (II), and eastern North Sea 
(III). Animal tissues were investigated for finding pos- 
sible correlations between residue levels and body size 
or ecological parameters. 

This paper deals with residues of PCBs, DDT, DDE, 
and DDD in five species from the English Channel. The 
organisms, which are listed in Table I, were caught 
either by dredging or bottom trawling on Nov. 26/27, 
1971 during the 158th cruise of FFS "Anton Dohrn". The 
compounds were determined by gas chromatography in two 
independent working groups, identifications were per- 
formed by the GC-MS technique. 

TABLE I 

Stations of investigated species 

Species Station Depth 

Yellow gurnard, 
Trigl ~ lucerna (Pisces) 

Plaice, 
Pleuronectes platessa (Pisces) 

Brill, 
$cophthalmus rhombus (Pisces) 

Squid, 
Loli@o forbesi (Cephalopoda) 

Queen scallop, 
Chlam~s opercularis (Bivalvia) 

50~ OO~ 56 m 

50~ O0~ 56 m 
50~ 03~ 71 m 

50~ 03 ~ 71 m 

50~ OO~ 56 m 

50~ OO~ 56 m 
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Experimental 

All species except the gurnards (Tri@la lucerna) 
were wrapped in aluminium foil, placed in polyethylene 
bags and deep-frozen (-20~ aboard. Trivia lucerna 
specimens were dissected aboard and the tissues packed 
and stored as described above for whole specimens. 
Samples were kept at -20~ until analyzed. 

Tissue samples were prepared from organisms or tis- 
sues immediately after thawing and deep-frozen again 
for grinding. According to the expected residue concen- 
trations these samples had different weights: muscula- 
ture - 8 g, liver and digestive gland - 4 g, visceral 
adipose tissue - I g. The investigation of the visceral 
adipose tissue seemed to be advantageous for two reasons: 
I. Analytical data were obtained more precisely than in 
tissues with very low residue concentrations. 2. The 
lipid content in this tissue is fairly constant as com- 
pared with other tissues in our study. Gurnards and 
flatfish were analyzed individually (Table 3); numbers 
of molluscs were sufficient to allow pooling of speci- 
mens of different size groups (Table 4). Tissues of 
different specimens contributed to the final samples 
with identical weights. In the case of Chlamys operc u- 
laris the digestive gland as a whole was taken. 

Tissue parts having had direct contact to aluminium 
foil were excluded from the final samples. Instruments 
and glass-ware were rinsed with redistilled acetone. 
Generally, from each sample two parallel extracts were 
prepared, which were treated separately as shown in Fig. 
I (exceptions are indicated in Tables 3 and 4). This 
procedure allowed the detection of any serious acciden- 
tal contamination during the analyses. A prerequisite of 
the latter statement is the equipartition of the resi- 
dues in the tissue powder on the two extraction 
columns. This was tested by measuring the equiparti- 
tion of added DDT-14C and naturally contained lipids. 

The whole procedure for working up the tissue 
samples has been described in detail elsewhere (ERNST 
et al. 1974) and is summarized in Fig. 1. Two gas 
chromatographs were used under the conditions stated 
in Table 2. Calibration was done daily using 5 dif- 
ferent concentrations of either PCB (Clophen | A60) 
+ DDE or DDT + DDD. PCB values were calculated from 
the three major peaks and then averaged. 
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FIGURE I 

Procedure for two parallel residue analyses 
of a tissue sample 

Tissue sample 
.... (8g musculature or 49 liver) 

Grind frozen (-20~ sample in two 
equal portions a each with 16g Na2S04 
and 5g quartz sand for IOmin 

Extract residues by 
elution with 12Omi 
n-hexane-acetone 2:1 

tissue powder 

Distribute each portion equally 
on columns A and B 

Extract residues by 
elution with 120mi 

n-hexane-acetone 2:1 

Extract A 
(adjusted to 1OOml) 

I 

Extract B 
(adjusted to lOOml 

l 
Combine 50ml of 
each extract 

IOOml extract 

Lipid determination 
Evaporate solvent of 
50 ml extract A in vac., 
add 5ml n-hexane. 

Remove lipids on Al203-column 
by elution with 3Oml n-hexane 

Eluate A 

Proceed as 
described for 

extract A 

Eluate B 

Evaporate in vac., 
add 5ml n-hexane. 

Separate on Florisil | column 
with 9Oml n-hexane (=fraction I) 
and 4Oml n-hexane-ether 1:1 
(=fraction II) 

I 
Fraction I Fraction II 

GC analysis A GC analysis A 
of PCBs, DDE of DDT, DDD 
and HCB 5 and ~-HCH 5 

Proceed as 
described for 

extract A 

f 
Fraction II Fraction I 

GC analysis B GC analysis B 
of DDT, DDD of PCBs, DDE 
and Z-HCH b and HCB 5 

a Limited size of the mortar, mill requires grinding in two 
portions. 

b HCB and Z-HCH are not determined in this paper. 
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TABLE 2 

Conditions of gas chromatographic analysis 

Beckman GC 5 Varian 2740 

Column I . 8m, all glass, 
2 mm i.d., 
5 % SE 30 on 
Chromosorb W 
80/1OO mesh 

1.8m, all glass, 
2 mm i. d., 
1.5 % SP-2250 (OV-17) 
+1.95 % SP-2401 (QF-I) 
on Supelcoport 
1OO/I 20 mesh 

Column 2OO~ (DDD+DDT) 190~ 
temperature 22OOC (DDE+PCB) 

Inlet I00C above 2250C 
temperature column temperature 

Detector Beckman ECD 3H-ECD 

Detector 3OO~ 2250C 
temperature 

Carrier-gas helium, nitrogen, 
40 ml/min 30 ml/min 

Reagents. Alumina, neutral (Woelm, Eschwege, Germany), 
heated 3 h at 850~ deactivated with 5 % H20. Florisil @ 
60 - 100 mesh (Floridin Co., Pittsburgh, USA) heated 
2 h at 650~ addition of 0.4 - 0.6 % water (vapor state) 
after 24 h, ready for use after additional 24 h, storage 
in well closed glass stoppered flasks. Clophen | A60 
(Bayer AG, Leverkusen, Germany). Other reference sub- 
stances (Riedel de Hahn, Seelze, Hannover, Germany). 
Na2SO4 anhydrous GR, heated 2 h at 650~ quartz sand; 
acetone GR, distilled over 65 cm Widmer column; n-hexane 
for synthesis, distilled over 50 cm packed column; ether 
GR, threefold distilled (Merck, Darmstadt, Germany). 

Apparatus. Mortar mill, type Pulverisette 2, with agate 
equipment (Fritsch, Idar-Oberstein, Germany). Glass col- 
umns for extraction 13x280 mm, solvent reservoir on top 
5OxiO0 mm. AI203 and Florisil | columns 5x480 mm and 1Ox 
480 mm resp., solvent reservoirs on top 35x120 mm (see 
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ERNST et al. 1974). Column fillings: 8 g A1203 and 13 g 
Florisil | resp. Rotary vacuum evaporator (BHchi, Flavil, 
Switzerland). Gas chromatographs and conditions: see 
Table 1. Mass spectrometer: Varian MAT CH7 coupled with 
GC Varian Aerograph 2740, packed column. 

Results and discussion 

Analytical results are shown in Table 3 for gurnards 
and flatfishes, in Table 4 for scallops and squids. PCBs 
were evaluated on the basis of ClophenC ~> A60, and in the 
DDT group only p,p'-isomers were measured. Residue con- 
centrations are stated with two digits except when below 
10 ppb; then one digit is given. Gas chromatographic 
data could be verified by applying the GC-MS technique. 
In order to obtain mass spectra the extracts had to be 
extremely concentrated. Both DDT compounds and PCB com- 
ponents were detected (SCHAEFER 1974). 

Generally, residue concentrations increased with 
rising lipid content of the tissues in the order: mus- 
culature, liver/digestive gland, visceral adipose tissue. 
However, the residue amounts per lipid weight were 
highest in muscle tissues. This may be interpreted either 
by different metabolic activities in different tissues or 
by unknown mechanisms of fixation of the pollutants to 
different matrices. 

For gurnard and squid correlations between residue 
concentration and animal weight were calculated by 
linear regression analysis. Scallops did not exhibit any 
correlation, and flatfishes were excluded from the cal- 
culation, because only a few animals of similar size 
were available. In liver and adipose tissue of gurnard 
positive correlations between residue concentration (wet 
weight basis) and animal weight seem to exist for some 
of the pollutants (Tables 5 and 6). Although the number 
of samples is small, this indicates an increase of 
residue levels with body size. For squid as an exception 
see below. 

Strong correlations of organochlorine residues to 
size and / or age were found for DDT, DDD, DDE in Atlan- 
tic salmon (Salmo salar) by ANDERSON and FENDERSON 
(1970), for DDT in lake trout (Salvelinus namaycush) 
by YOUNGS et al. (1972) and REINERT (1970), for PCB in 
Cayuga Lake trout by BACHE et al. (1972), and in cod 
(Gadus morhua) by STENERSEN and KVALVAG (1972) and BJERK 
(19--g~). The variation of organochlorine residue levels 
with age in seals (Pagophilus groenlandicus) was in- 
vestigated by ADDISON et al. (1973) using the blubber 
of the animals. The majority of the data reported in the 
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TABLE 5 

Tri~la lucerna. Coefficient r of correlation between re- 
sidue concentration in liver-and animal wet weight. N=9; 
P: Level of significance; ns: not significant 

Wet weight basis Lipid weight basis 

r P r P 

PCB a 0.65 ns 0.43 ns 
DDE 0.73 <0.05 0.58 ns 
DDD 0.87 <O.O1 0.75 <0.02 
DDT 0.85 <0.01 0.71 <0.05 
~DDT 0.85 <0.O1 0.75 <0.02 

a calculated as Clophen | A60. 

TABLE 6 

Trivia lucerna. Coefficient r of correlation between re- 
sidue concentration in visceral adipose tissue and animal 
wet weight. N=7; P: Level of significance; ns: not sig- 
nificant 

Wet weight basis Lipid weight basis 

r P r P 

PCB a O.81 <0.05 0.69 
DDE 0.92 <0.O1 0.88 
DDD O.41 ns 0.28 
DDT -0.53 ns -0.59 
~DDT 0.70 ns O.51 

ns 
<0.O1 
ns 
ns 
ns 

a calculated as Clophen| A60. 
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literature is not readily comparable with our findings, 
because they refer to analyses of whole fish instead of 
tissues, but in some cases, when lipids were included 
in the calculations (REINERT 1970, ANDERSON and FENDER- 
SON 1970, ADDISON et al. 1973), similar results were 
obtained in various species. Even though there are con- 
tradictory findings in the literature regarding the 
correlation of residue data with the lipid content of 
the organisms, the importance of lipids as the princi- 
pal repository for organochlorines cannot be over- 
looked. Misinterpretations might be avoided, if the 
condition factors of the fish were considered, as dis- 
cussed for instance by ANDERSON and FENDERSON (1970). 
In the case of DDT, REINERT (1970) found that in lake 
trout residue levels based on whole fish increased 
with animal size, but that residue concentrations based 
on lipid weight reached a steady state when the fish 
had grown to a certain size. 

Regarding these findings, it is necessary to ex- 
amine whether a rising lipid content of the growing 
animal is the only cause of a positive correlation 
between residue level and size. Since in some cases 
coefficients of correlation between residue concentra- 
tion on lipid weight basis and body weight are signi- 
ficant within the 95 % confidence limits (Tables 5 and 
6), the age of the animal is shown to be important. 

In squid the residue concentrations in muscle (wet 
weight basis) tended to decline with increasing animal 
size, however, the correlation coefficients r=-0.83 
(PCBs) and r=-O.65 (~DDT) are not significant within 
the 95 % confidence limits. At the moment and on the 
basis of the scarce material a detailed discussion is 
premature. 

Concentrations of PCB were always higher than 
those of ~DDT as indicated by PCB/~DDT ratios between 
3 and 7 in most cases. 
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