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SUMMARY

Trace metal concentrations (copper, zinc, cadmium
and lead) were measured in the silt fraction (grain-
size < 63 Aim) of surface sediment of the North Sea.
The concentrations varied in different areas of the
Dutch continental shelf of the North Sea. The trace
metal concentrations were highly related with the fine
grain-size fraction. High concentrations, especially of
cadmium and lead, were related with a low percen-
tage of the silt fraction. In the Southern Bight
enhanced levels of copper and zinc and particular
high values of cadmium and lead were measured.

The concentrations of copper, zinc and cadmium
in whole body of the benthic invertebrate species
brown shrimp (Crangon crangon) and starfish
(Asterias rubens) did not vary significantly in
specimens obtained from the different areas of the
North Sea. Inthe shrimp Crangon allmanni the whole
body concentration of zinc did not vary; the copper
concentration tended to be lower in specimens from
the northern part of the area studied (Dogger Bank),
whereas the concentrations of cadmium were
significantly (p<0.01) higher in specimens from the
north Dogger Bank area, compared with any other
area of the North Sea.

The concentration of the total of 35 individual
polychlorinated biphenyls (EPCB) was highest in
specimens of the brown shrimp Crangon crangon
and the starfish Asterias rubens occurring in the
coastal zone of the Southern Bight, compared with
the central and northern part of the Dutch continental
shelf of the North Sea. The EPCB concentrations in
the shrimp Crangon allmanni were considerably
lower than in the closely related species C. crangon.
The concentrations of EPCB in the polychaete an-
nelid Nephtys hombergii did not show significant dif-
ferences in specimens from different areas of the
North Sea.

On the basis of PCB patterns identified in the
organisms analysed, the North Sea can be divided
into three areas: The northern part of the North Sea,
with lowest EPCB concentrations with a relatively
high contribution of low chlorinated congeners; the
central part of the North Sea with increasing EPCB
concentrations with an equal contribution of low and
high chlorinated congeners to the PCB pattern; the
Southern Bight, especially the coastal zone, with
high EPCB concentrations and a relatively high con-
tribution of high chlorinated congeners to the PCB
pattern.



1 INTRODUCTION

Rivers discharge various substances into the sea,
both in solution and in colloidal or particulate form.
The effects of these substances (for example trace
metals or chlorinated hydrocarbons) on the marine
environment depend on their physical/chemical pro-
perties and their concentrations. The impact of these
substances will be exerted most directly and inten-
sively in the adjacent coastal area. However, the
regions in the marine environment where riverborne
materials or anthropogenic chemicals exert their ef-
fects are not limited to the estuaries or nearby coastal
zone. Further transport to coastal seas and finally to
the ocean system takes place. In the regions where
riverwater and seawater interact, substances trans-
ported by rivers are subjected to processes that
modify the characteristics of their physical distribu-
tion in solution and particulates and change their
chemical spéciation. Due to processes such as ad-
sorption, desorption, complexation, aggregation and
sedimentation, chemical substances and suspended
matter may remain behind in the estuarine and adja-
cent coastal area. The mixture of the chemical
substances finally carried away to the sea may be
very different, both in composition and quantities, as
compared to the river supply.

The natural equilibrium in the complex system of
estuaries, coastal seas and oceans has been in-
fluenced, mainly prejudicially, frequently by human
activities. The exploration and exploitation of the sea
and the increasing use of the marine environment as
dumping site for all kinds of waste, implicates a con-
flict situation with respect to the future and legal
utilization of the sea.

For the evaluation of the influence of the discharge
of chemical substances in general and the toxic ac-
tion of contaminants in particular, it is of essential im-
portance to know the emission and fate of the
substances concerned. Measurements of the con-
centrations of contaminants in the environment
should be correlated to the quantities being dispos-
ed. These results will give information about
transport, distribution and chemical fate of con-
taminants in the abiotic compartment of the environ-
ment. Next, it is essential to know the fate of the
substances in the biotic compartment: uptake, distri-
bution, elimination, biotransformation (Fig. 1). Finally,
knowing all these facts, it should be possible to cor-
relate any effect of a contaminant with its active con-
centration in the biophase (that is the body
compartment where the contaminant exerts its
effect).

The North Sea is a shallow coastal sea with a high

biological production. Large quantities of sewage of
the heavily populated and highly industrialised nor-
thwestern part of the European continent are in-
troduced into this marine environment. There are a
number of criteria for answering the question
whether the North Sea is polluted or to what extent
its environment is contaminated with chemical
substances: (1) threatening of the human health, (2)
deterioration of the recreative and aesthetic functions
of the environment and (3) damage (short or long
term) to natural communities or its separate com-
ponents. A definition of the conception of damage is
subjective. The determination of the concentration
levels of certain contaminants in different compart-
ments of the (marine) environment is firstly required
to get insight in the status of contamination.

Organisms, especially benthic species, inhabit for
long periods of time certain compartments of the
marine environment. Depending on habitat, the
mechanisms of food uptake, the physiological status,
the nature and the uptake/elimination ratio of the con-
taminants, organisms reflect the condition of the en-
vironment. If concentrations of chemical substances
in organisms are measured for characterizing the
status of contamination of a certain area, it is impor-
tant that specimens of certain species occur in suffi-
cient numbers and the species are representative for
that particular area. Besides, for a comparison of
contamination of organisms sampled from different
geographical areas, concentrations should be
measured in specimens of a particular species of
corresponding life-stages and internal physiological
conditions.

2. RESEARCH PROGRAM

An international research program was carried out on
the North Sea to which research vessels from in-
stitutes of the United Kingdom, the Netherlands, Ger-
many and Denmark participated in several surveys
during 1986.

The ’'Synoptic Mapping Program North Sea 1986’
was carried out by the Dutch participants (Nether-
lands Institute for Oceanic Sciences) in the
‘Cooperative North Sea Program 1986’ of the Ben-
thos Working Group of the International Council of
Exploration of the Sea (ICES). Collaboration with and
financial support of the Tidal Waters Division of Rijks-
waterstaat (Federal Waters Authority) of the Ministry
of Transport and Public Works is kindly acknowledg-
ed. The program consisted of two major projects: (1)
Synoptic mapping of the macrobenthos of the Dutch
part of the continental shelf (pe Witde & Duineveld,



1988) and (2) Micro contaminants in sediment and
macrobenthic invertebrates of the North Sea (present
study).

Sampling sites are equally distributed over the
Dutch part of the continental shelf of the North Sea
(Fig. 2). Because of the international character of the
synoptic sampling program, the sampling stations
are also numbered according to the 'North Sea Ben-
thos Surve/ (ICES).

To obtain information on the uptake (accumulation)
of a number of selected contaminants (trace metals:
copper, zinc and cadmium and polychlorinated
biphenyls) in macrobenthic invertebrates from the
North Sea, a number of species were collected.
Whole body analyses were carried out. Species from
which specimens are sampled represent a number of
different animal groups:

1 worms (Annelida, Polychaeta) - Nephtys hombergii
2. arthropods (Arthropoda, Crustacea) - Crangon
allmanni - Crangon crangon 3. echinoderms
(Echinodermata, Asteroidea) - Asterias rubens

Surface sediment (upper 2 cm) was sampled for the
analysis of the selected trace metals copper, zinc,
cadmium and lead.

3. MATERIAL AND METHODS

All samples were collected during a cruise with the
research vessel 'TYRO’ (Dutch Council for Ocean
Research) from april 16. till may 2., 1986.

The macrobenthic organisms were collected with a
5 m beam-trawl; trawling time was 5 minutes.
Specimens of the polychaete annelid Nephtys were
sampled by sieving (1 mm mesh-size) from sediment
obtained with a van Veen bottom-grab.

Sediment samples were collected by means of
sub-sampling the upper 2 cm layer of sediment cores
obtained with a Reineck box-core. The grain-size
distribution in the sediments was determined after
weighing 10 to 20 gram dry sediment and subse-
guent sieving with demineralized water (to
disintegrate aggregates of fine material) over a sieve
with a pore size of 63 /tm, dilution to 1 dm3and filter-
ing over a preweighed 0.45 urn filter. The rest of the
sediment suspension (grain-size > 63 “m) was dried
at 70°C and sieved (pore sizes 500, 315, 200 and 100
/tin) for 10 minutes at 50 Hz. After weighing the dif-
ferent fractions, grain-size distribution was esta-
blished.
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Samples to be analysed for trace metals were stored
in polypropylene bags at -20°C, up to processing at
the Netherlands Institute for Oceanic Sciences
(previously Netherlands Institute for Sea Research,
Texel). The samples were freeze-dried to constant dry
weight and homogenized.

From the samples of the organisms, about 400 mg,
measured to the nearest 0.1 mg, were decomposed
by an acid destruction bomb technique (Paus, 1972).
For the decomposition of the organic material 3 cm3
of 65% nitric acid was added and the bombs were
kept for 2 hours at 120°C. The decomposed samples
were transferred quantitatively to polypropylene tu-
bes and diluted with double-distilled water to 10 cm3.

The metal content of the silt fraction (grain-size <
63 ;tm) was determined after decomposition of about
500 mg, measured to the nearest 01 mg, with a mix-
ture of 1 cm3 aqua regia (1 part HNO3 + 3 parts
HCIl) and 5 cm3 HF in a teflon destruction bomb
(Loring & Rantala, 1977), for 2 hours at 120°C, and
subsequent dilution with 30 cm3 saturated
HgBOg-solution and double-distilled water to 50 cm3.

To avoid contamination of the samples, all chemi-
cals used were suprapur (Merck). All materials used
were rinsed for 12 hours with 6 N HCI and subse-
quently rinsed three times with double-distilled water.

Zinc and copper were measured with a flame
atomic absorption spectrometer (Perkin EImer, model
403). Cadmium and lead were measured with a
heated graphite-furnace atomizer (HGA 500) coupled
to an atomic absorption spectrometer (Perkin Elmer,
model 5000). To calculate the metal concentrations,
the standard addition method was applied and
calibration curves were made with standard solutions
of copper, zinc, cadmium and lead, respectively. The
AAS-measurements were carried out in duplicate on
each sample.

3.2 ANALYSIS OF POLYCHLORINATED BIPHENYLS

Samples to be analysed for polychlorinated
biphenyls (PCBs) were stored in special treated glass
containers at -20°C, up to elaboration and analysis.
The samples were freeze-dried to constant dry
weight and homogenized with a teflon pestle in a
mortar of porcelain. The methods applied in present
study concerning sample extraction, clean-up, frac-
tion separation between PCBs and most pesticides
and the analysis by means of -capillary
gaschromatography are described comprehensively
by Holden & (1969), Duinker &
Hillebrand (1978, 1983a,b) and Boon et al (1985)

Marsden



From the samples of the organisms about 2 to 5 g,
measured to the nearest 001 g, were mixed
homogeneously with 5 g anhydrous Na2S04, and
subsequently Soxhlet extracted during 8 h with 150
cm3 pentane. Each series of five samples was ac-
companied by a blank sample of pure Na2S04 to
detect any peak due to contamination of the samples
during the entire procedure. The extract was concen-
trated to approximately 1 cm3 applying a Kuderna-
Danish evaporator, by which the solvent pentane
evaporates. Subsequently the extract was dried ap-
plying a gentle stream of very pure nitrogen gas. The
resulting residue (lipid extract) was air-dried at 60°C
in an oven to constant dry weight. Lipid contents were
determined gravimetrically.

To remove interfering substances, mainly lipids,
from the organochlorines, the lipid extracts of the
organisms were treated on micro liquid-solid
chromatography (LSC) columns filled with 2.00 g of
basic Al20 3. The eluates were concentrated to about
1 cm3 on boiling water, using a micro-Snyder
column.

A fraction separation between a first fraction con-
taining apolar compounds such as PCBs, HCB and
p,p’-DDE and a second fraction containing polar
compounds (most organochlorine pesticides) was
performed using micro LSC columns filled with 2.00
g pre-treated Si02. After separation, the eluates
were concentrated to about 0.5 cm3 by evaporation
on boiling water. The resulting samples were
transferred quantitatively to vials for the autosampler
used for GC-analysis and diluted with hexane to a
volume of 1 cm3.

The analysis of the samples were performed apply-
ing a Gas-Chromatograph (Hewlett-Packard 5880a)
equipped with a capillary fused silica column
(Chrompack wall coated, open tubular SE-54 col-
umn, length 60 m; inner diameter 0.34 mm) and a
electron capture detector (63Ni-ECD). The carrier
gas through the column was helium (He, 210 kPa),
make-up gas nitrogen (30 cm3.min-1), septum purge
He (5 cm3.min-1), injector purge He (20 cm3.min-1),
and the temperature of the injector and detector 230
and 320°C, respectively. The temperature program
consisted of isothermal phases at 60°C (2 min),
180°C (8 min), 220°C (5 min) and 250°C (15 min), with
intermediate temperature increase rates of 10°, 4°
and 4°C.min-1, respectively. Splitless injection of a
volume of 1 mm3 sample was applied, with an
autosampler (Hewlett-Packard 7672a).

For the identification and quantification of the dif-
ferent polychlorinated biphenyl congeners in the
samples, a synthetic mixture of 66 individual PCB
congeners and penta- and hexachlorobenzene was

applied as external standards. This standard mixture
was injected every 8th injection for recalibration of
retention time and response factors of the congeners.
The retention time of a single congener present in
the mixture and its response factor should not
change more than 0.02 min and 10% respectively,
between two standard mixtures. The retention time of
two co-eluating congeners (eg. 70, 98 and 200, 157)
and four co-eluating congeners (eg. 93, 66, 80, 95
and 115, 87, 90, 116) in the sample should not change
more than 0.03 and 0.05 min., respectively. All
organic solvents used were of nanograde quality
(Mallinckrodt). Inorganic chemicals used were
pretreated:

—Sodiumsulphate (Na2S04 - Baker): Soxhlet ex-
tracted during 12 hwith an 1 : 1 acetone/hexane mix-
ture and after drying on a waterbath, subsequently
heated at 350°C during 10 h.

—Aluminiumoxide (AI20 3Woelm B, super I): deacti-
vated with 10% of double-distilled water, taken direc-
tly from the outlet of the quartz destination apparatus
to avoid any contamination from plastic tubing.
—Siliciumoxide (Si02 - Merck): washing of about
300 g in a Buchner funnel with 5 dm3 boiling
demineralized water and subsequently, after discar-
ding the water, washing three times with diethyl-
ether. After drying on a waterbath to remove the
diethyl-ether, the Si02was dried in an oven at 120°C
for 2 h, followed by deactivation with 8% (w/w) of
double-distilled water and shaken during 30 min for
optimal homogenation. All glassware used for storing
the samples, extraction and chromatographical pro-
cedures was degreased with a soap solution, rinsed
with both tap and demineralized water, subsequently
heated at 350°C for 8 h and rinsed with nanograde
pentane.

Temperature and salinity of the surface seawater
were measured using a portable combined salinity-
temperature meter (EIL, sal/temp bridge type MC5)
equipped with a temperature sensor and a conduc-
tivity cell. Water depth was measured using the echo-
sounder of the research vessel TYRO".

4. RESULTS

The geographical position of the sampling stations
and some hydrographical parameters (salinity, tem-
perature and depth) are summarized in Table 1 Due
to specific geomorphic conditions and geological
composition of the bottom (eg. sand-dunes, canyons
with steep changes in depth, areas with gravel and
large cobbles) it was not possible to obtain sufficient
or any sediment samples and/or benthic organisms
from all sampling stations.
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The grain-size distribution of the sediment from the
bottom surface layer (upper 2 cm) from the different
stations are given in Table 2.

The concentrations of the trace metals analysed in
the silt fraction of the sediment (grain-size < 63 //m)
are summarized in Table 3. Highest copper concen-
trations in the silt fraction of the sediment are found
at some sampling stations in the Southern Bight, and
west and north of the Dogger Bank (Fig. 3). The zinc
concentration was found to be highest in the silt frac-
tion from sampling stations in the Southern Bight and
western part of the Dogger Bank (Fig. 4), and the
same was found for the distribution of cadmium in
the silt fraction (Fig. 5). The cadmium concentration
in sediment from the Southern Bight (west of the
Dutch coast) showed particular high values (10.6 -
311 ng.g-1 dry wt). The concentration of lead in the
sediment from the different stations is given in Fig. 6.
In general, highest concentrations were found in the
Southern Bight. Especially for cadmium and lead,
high concentration levels are related with a very low
percentage of the silt fraction (grain-size < 63 //m) of
0.07 to 0.20.

4.1.2 COPPER, ZINC AND CADMIUM IN MACROBEN-
THIC INVERTEBRATE ORGANISMS

Crangon allmanni: The concentrations of copper,
zinc and cadmium in the shrimp Crangon allmanni
are given in Table 4.

Copper concentrations varied between 24 and 87
/lg.g-1 dry wt. There was no general trend in the
distribution pattern of copper in the shrimp, though
specimens obtained from sampling sites north of the
Dogger Bank showed somewhat lower concentra-
tions, whereas the concentrations in specimen from
the central part of the North Sea tendea to be higher
(Fig. 7).

Zinc concentrations varied between 49 and 105
//g.g-1 dry wt, and there were no specific areas with
significant higher or lower concentrations, though
highest concentrations were measured in specimens
from the coastal zone (eg. station nrs 6-13 and 66-37;
Fig. 8).

Cadmium concentrations in specimens from dif-
ferent parts of the North Sea varied considerably.
Highest concentrations were found in specimens ob-
tained from sampling sites situated north of the Dog-
ger Bank (4 -5//g.g-1 dry wt). In specimens from the

Dogger Bank itself and eastern side of it concentra-
tions were still higher (1.3 - 2.4 //g.g-1 dry wt) com-
pared to the other areas of the North Sea, as the
central part and Southern Bight with concentration
levels of 0.6 to 1.2 //g.g-1 dry wt (Fig. 9).

Crangon crangon: The concentrations of copper,
zinc and cadmium in the brown shrimp Crangon
crangon are summerized in Table 5.

Copper and zinc concentrations in the brown
shrimp, varying from 49 to 74 //g.g-1 dry wt and 62
to 96 //g.g-1 dry wt respectively, were in the same
range as in the shrimp C. allmanni (Figs. 10 and 11).

The cadmium concentrations, however, were con-
siderably lower (0.27 to 0.55 //g.g-1 dry wt) in
specimens of the brown shrimp than in the shrimp C
allmanni (Fig. 12).

Astprias rubens: The concentrations of copper,
zinc and cadmium in the starfish Asterias rubens are
summarized in Table 6.

No differences in the concentrations of both cop-
per (Fig. 13) and zinc (Fig. 14) in specimens from dif-
ferent areas in the North Sea could be detected. The
copper concentrations varied between 5.9 and 28.7
/"g.g-1 dry wt, whereas the zinc concentration varied
between 80 and 293 //g.g-1 dry wt. Compared to the
concentration of these metals in the two shrimp
species analysed, it was seen that the level of the
copper concentration was much lower and that of
zinc much higher.

Significantly higher cadmium concentrations were
found in specimens obtained from sampling sites
north of the Dogger Bank (1.2 - 2.0 //g.g-1 dry wt)
compared to the other areas of the North Sea (0.4 -
12 /lg.g-1 dry wt) (Fig. 15).

4.2. POLYCHLORINATED BIPHENYLS

4.2.1. PCBs IN MACROBENTHIC INVERTEBRATE
ORGANISMS

The number of individuals of each species in-
vestigated, the mean wet weight per animal and the
amount of pentane extractable lipid (PEL, expressed
as a percentage of the wet weight) are summarized
in Table 7 (Crangon allmanni, Crangon crangon and
Asterias rubens) and in Table 11 (Nephtys hombergii).

Crangon allmanni: The sum concentration of 35 in-
dividual PCB congeners (EPCB) varied between 0.34
and 115 //g.g-1 PEL (Table 7). There was no
evidence for higher concentrations in individuals
from the Southern Bight compared to the levels in
organisms from the Central North Sea and Dogger
Bank area (Fig. 16). The numbering of individual
PCB congeners was done according to



Batischmiter & Ze11 (1980). In this system numbers
1-3 represent mono-, 4-15 di-, 16-39 tri-, 40-81 tetra-,
82-127 penta-, 128-169 hexa-, 170-193 hepta-, 194-205
octa-, 206-208 nonachlorobiphenyls and 209
decachlorobiphenyl. The PCB patterns, i.e. the con-
tribution of each component to EPCB, were very
similar in most samples of C. allmanni, irrespective
the concentrations (Table 8). Only specimens from
station 15-29 and 16-24 showed a higher presence of
higher chlorinated congeners.

Crangon crangon-. Specimens of the brown shrimp
were only obtained from the coastal area and the
concentration of EPCB, varying between 1.04 and
2.98 /ig.g-1 PEL., was significantly higher than in
the closely related species C. allmanni (Table 7; Fig.
16). The highest EPCB concentrations were found in
specimens from the coastal area, indicating that with
respect to PCBs the impact of river outflow is
restricted to a relatively small coastal area. The PCB
patterns were highly similar in all samples of C
crangon, with only one octa- chlorobipheny! (IUPAC
196) not detectable in the sample (Table 9).

Asterias rubens: The EPCB concentration in
specimens from the coastal area was considerably
higher than in specimens from the central North Sea
and the Dogger Bank area (Fig. 17). These data con-
firm the results obtained for shrimp, indicating that
the uptake of PCBs in biota occurred to highest levels
in organisms living in coastal habitats. The relative
contribution of the 35 individual PCB congeners
selected to the PCB pattern is not similar in
specimens from different sampling sites (Table 10). In
specimens from a number of sampling sites (station
40-98, 46-106, 65-45 and 70-36) the lower chlorinated
congeners contribute to a greater extent to the total
PCB concentration.

Nephtys hombergii: The EPCB concentration
varied between 0.1 and 2.4 /tg.g-1 PEL (Table 11). No
significant differences in concentration levels in
specimens from different areas in the North Sea
were found, though somewhat lower concentrations
were measured in specimens from the Dogger Bank
area (Fig. 18). The PCB pattern is not similar in
specimens from different sampling sites (Table 12). In
specimens from the coastal zone (station 1-21, 6-13,
7-10 and 66-37) most higher chlorinated congeners
could be identified and contribute to a great extent to
the total PCB concentration.

5. DISCUSSION
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The texture of the sediments, especially in the sur-
face layers changes constantly due to currents and
turbulence, bioturbating activity of benthic organisms
and trawling. Sediments thus seldom reflect the most
recent contamination. Analysis of bulk sediment for
trace metals often result in a great variability, reflec-
ting the inhomogeneity of the sediments. Various
grain-size fractions contain different concentrations
of trace elements, the highest concentration being
found in the finest grain-size fraction (in present
study the grain-size fraction < 63 urn), because most
contaminants will be transported as fine grained
suspended matter possessing a relatively large sur-
face area. Thus the metal contamination of
sediments can be explained by the concentration in
the silt fraction. In present study the concentration of
copper, zinc, cadmium and lead in the silt fraction
varied considerably and a high concentration was
very much related to a very low percentage (< 0.4 %)
of the silt fraction (cf. Tables 2 and 3; eg. station 3-20,
99, 1012, 71-31).

Comparison of the data with metal levels in
sediments of marine systems from various climatolo-
gical latitudes leads to the following conclusions: The
concentration of copper in the silt fraction of North
Sea surface sediments is in the same order of
magnitude as the copper levels in sediment of the
Dutch Wadden Sea (kramer etal., 1985), Australian
waters (Tatbot, 1983; Talbot & Chegwidden, 1983)
and some tropical marine waters (wWindom et al,
1984; Everaarts 1987;
1989). Sediments from only three sampling sites (sta-
tion 3-20, 7-10, 71-31; nearby coastal area) showed a
considerably higher copper concentration, probably
due to local river input or dumping site. Comparison
of the results of the above cited studies with the data
of North Sea sediments reveal that the concentra-
tions of zinc and cadmium are higher than in other
areas; sediments of the North Sea have to be con-
sidered as highly contaminated for cadmium and
zinc. Highest concentrations are specially found in
the Southern Bight. The concentrations of lead are in
the same order of magnitude as in sediment of
some coastal areas, to be considered as con-
taminated, of the Malay Peninsula (Everaarts &
Swennen, 1987) and the Gulf of Thermaikos,
Mediterranean (Voutsinou-Taliadouri & Satsmad-

& Swennen, Everaarts,



jis, 1983). Data on the distribution of trace metals in
surface sediments from the northern part of the
North Sea (56° N to 61° N) indicate that despite the
enhanced concentrations of cadmium, nickel, lead
and cobolt, there was no evidence of any important
or large-scale contamination of North Sea as a whole
(Basford & Eleftheriou, 1988). However, the con-
centrations, expressed in ppm, apparently were
measured in bulk sediment.

512 COPPER, ZINC AND CADMIUM IN
MACROBENTHIC INVERTEBRATE ORGANISMS

In the shrimp Crangon allmanni the whole body con-
centration of both copper (cf. Fig. 7) and zinc (cf. Fig.
8) did not vary significantly in specimens obtained all
over the sampling area. Nevertheless, there is some
evidence for lower copper concentrations in speci-
mens occurring at the north edge of the Dogger Bank
and higher concentrations in the central North Sea
(especially in the sedimentation area in between 54°
N and 55° N; cf. Fig. 7). The cadmium concentrations
in specimens sampled just north of the Dogger Bank
are significantly higher than in other areas of the
North Sea, varying from 2.4 to 5.1 a9-9-1 dry weight
(cf. Fig. 9).

No differences in the whole body concentration of
copper, zinc and cadmium were found in the brown
shrimp Crangon crangon obtained from, the different
sampling sites (cf. Figs. 10,11,12). Individuals of this
species could be obtained only from the coastal zone
of the Southern Bight. A comparison of the concen-
trations of the three metals in whole body of C
crangon and C. allmanni obtained from correspon-
ding sampling stations, indicates a significant
(p<0.01) difference in the cadmium concentrations in
both species: mean concentration (+ S.D.) of 0.40 (+
0.09) and 0.99 (= 0.24) in C. crangon and C. allmanni,
respectively (N=15). However, there is no significant
difference between the species in copper and zinc
concentrations: Cu: 57.3 (x 82) and 561 (+ 12.7)
/*g.g-1 dry wt, and Zn: 83.1 (+ 11.4) and 82.8 (+ 119
in C. crangon and C. allmanni, respectively (N=15).
In specimens of the brown shrimp obtained from the
Dutch Wadden Sea, the mean concentrations
(/tg.0-1 dry wt; N=9) of copper, zinc and cadmium
were 54.3 (+ 25.2), 69.2 (+ 54) and 0.17 (+ 0.14),
respectively (Everaarts unpublished data 1986). In
comparison with the North Sea data, the cadmium
concentration in specimens of the Dutch Wadden
Sea appeared to be significantly (p< 0.01) lower.
Thus, the data indicate a gradient of increasing con-
tamination of cadmium from the estuarine area (Wad-
den Sea) to the coastal zone of the North sea, and

further to the open sea, when taking into account the
cadmium levels in shrimp from the Dogger Bank
area.

A comparison of the metal concentrations in the
asteroid echinoderm Asterias rubens from 57 sampl-
ing sites (cf. Figs 13,14,15) showed no significant dif-
ferences in copper and zinc, whereas the cadmium
concentration was significantly higher in specimens
from the area north and east of the Dogger Bank.
Besides, in specimens from a small coastal zone
slightly increased cadmium levels could be obser-
ved.

Comparison of concentration levels in correspon-
ding species from tropical regions (Everaarts &
1987; et al., 1989) give
evidence for the conclusion that copper and zinc
concentrations are higher or similar, whereas the
cadmium concentration is considerably lower, exept
the cadmium levels in Crangon allmanni from the
area north of the Dogger Bank. The concentration
levels and the distribution patterns found in present
study agree well with data obtained for other selected
macrobenthic invertebrate species, showing enhanc-
ed cadmium and lead levels in those species from
the northeastern part of the Dogger Bank (kroncke,
1987) and north of the Dogger Bank (karbe, 1987).

Swennen, Everaarts

5.2. POLYCHLORINATED BIPHENYL IN
MACROBENTHIC ORGANISMS

Polychlorinated biphenyls are extremely lipophilic.
The lipid content of the organisms therefore is an im-
portant parameter with respect to the concentration
of PCB congeners. In the baltic tellin Macoma
balthica the PCB concentrations were found to be
twice as high at low lipid contents, when compared
with the highest lipid contents (Boon & Duinker,
1986). During winter an increase in wet weight takes
place, without a corresponding increase in lipid con-
tent, causing a lower percentage of lipid. For this
reason and because lipid contents of various species
are not the same, the concentrations of the individual
PCB congeners and EPCB are expressed on base of
pentane extractable lipid, for an accurate comparison
of contents in various species and specimens of one
species from different areas of the North Sea. Also
the chemical composition of the lipid may determine
the PCB concentration. The lipid composition of the
specimens may change during the season and
reproductive cycle. In the starfish Asterias rubens
significant changes were found, both in total lipid
content and the chemical composition of the lipid, in
the pyloric cacea and ovaries during the reproductive
CyC'e (Oudejans & van der S luis, 1979) The stan-



dard deviation of the lipid contents (mean value of
S.D. 0.15) is much higher in starfish than in the
shrimp species Crangon allmanni (mean value of
S.D. 0.04) and C crangon (mean value of S.D. 0.08)
(cf. Table 7), indicating that in present study, even
while samples were taken within a relatively short
period of time, also differences in lipid content may
affect the total amount of PCBs accumulated in
starfish.

Polychlorinated biphenyls have been synthesized
in the form of technical mixtures and therefore PCBs
will always be present in certain patterns in en-
vironmental samples. However, large differences ex-
ist between the relative contribution of individual
PCB congeners to the total PCB in the different en-
vironmental compartments water, suspended matter,
sediment and organisms as well as between different
animal species (Duinker & Hillebrand, 1983b;
Duinker et al., 1983; Boon et al., 1989). A com-
parison of the PCBs present in a certain environmen-
tal compartment or organisms may be done either on
basis of the concentration of single congeners or the
sum-concentration of a number or all identified con-
geners. For monitoring purposes it has been sug-
gested to select congeners 52, 44 (tetra-CBs), 84,
101, 118 (penta-CBs), 149, 153, 138, 128 (hexa-CBs),
187,183,180 and 170 (heptO'CBS) (Boon & Duinker,
1986) (The congeners are given in sequence of elua-
tion from the capillary column). In the present study
as many congeners as possible to be identified and
quantified with respect to the standard mixtures us-
ed, and present in the species analysed, were taken
into account for determination of the EPCB concen-
tration.

In the benthic invertebrates Arenicola marina
(lugworm), Macoma balthica (baltic tellin) and
Crangon crangon (brown shrimp) from the same area
of the Wadden Sea the concentration of chlorinated
hydrocarbons on fat weight base are similar
(Duinker etal., 1983). The data of present study give
some indication for slightly higher EPCB concentra-
tions in starfish compared to brown shrimp, from cor-
responding areas. However, the EPCB concentration
in starfish and the shrimp C. allmanni from cor-
responding areas is the same (cf. Figs. 16 and 17). In
Nephtys hombergii, the EPCB concentrations show
the same range as in C. allmanni, the mean value be-
ing somewhat lower than in the coastal species C
crangon. A comparison of EPCB concentration in
various species from different geographical areas of
the North Sea give evidence for enhanced levels in
specimens of shrimp and starfish obtained from the
coastal zone. This may indicate that the impact of
outflow of the river Rhine is restricted to the coastal

zone. These data agree with the results of a study of
Boon et al. (1985) on the distribution of
organochlorines in Nephtys and sediment from the
southern North Sea. On the contrary, however, the
data on Nephtys in present study (cf. Fig. 18) do not
indicate evidently higher EPCB levels in specimens
from the coastal zone. Moreover, the concentrations
in Nephtys (present study) are significantly lower
than the PCB levels reported by Boon et al. (1985).
In specimens from sampling sites in the coastal zone
(station 1-21, 6-13, 7-10, 66-37 and to a lesser extent
68-52 and 71-31) almost all congeners distinguished,
contribute to the EPCB concentration, whereas in
specimens from the other areas in the North Sea the
persistent, high chlorinated congeners could not be
detected.

The contribution of low chlorinated PCB con-
geners to the sum-concentration of PCB is higher in
starfish than in shrimp and Nepthys. These higher
concentrations of low chlorinated congeners in star-
fish could be due to a low metabolism of PCBs (low
mixed function oxygenase enzyme activity; cf. Boon
et al., 1989) and to strongly varying lipid contents.

The highest concentration of EPCB was measured
in Crangon crangon and Asterias rubens from a
coastal area nearby the mouth of the rivers Rhine
and Ems.

In general, on the basis of PCB patterns occurring
in the samples, the North Sea can be divided into
three areas: The northern part of the North Sea, with
lowest EPCB concentrations with a relatively high
contribution of low chlorinated congeners; the central
part of the North Sea with increasing EPCB concen-
trations with an equal contribution of low and high
chlorinated congeners to the total PCB pattern; the
Southern Bight, especially the coastal zone, with
high EPCB concentrations and a relatively high con-
tribution of high chlorinated congeners to the total
PCB pattern.
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Table 1- The geographical position of the sampling stations of the
Synoptic Mapping Programme North Sea 1986; the salinity
(°/00) an”™ temperature (OC) of the surface water (at 1 m
depth), and the depth (M) measured at the sampling stations.

Sampling- Geographical
station position Salinity Temperature Depth
Tyro-ICES # N E (°/00) I°C) (m)
1- 21 52045 "3  4°30 "2 3L .90 4.8 23
2- 25 53°00 "8 3059 "1 35.32 5.1 20
3- 2 52°45 "5  3°30%2 35.53 5.0 27
4- 18 52°29 7  4°00 "5 33.50 4.6 25
5 15 52016 "5 3031°3 34.65 4.7 35
6- 13 52°03 2 4°08"9 21.80 6.8 12
7- 10 510447 3°30 "9 30.70 5.1 20
8 7 51°30 "8 3°01 "5 33.74 5.9 29
9- 9 510447  2°29 "7 35.57 6.1 40
10- 12 52°00"2 20592 35.37 5.4 40
11- 14 52014 "1 2029"2 35.30 6.0 45
12- 17 52029 "5  3°00 "6 34.92 4.7 39
13- 19 52043 "7 2°23 77 34.40 4.8 53
14- 23 52°59 2 2°01%7 34.68 4.8 #
15- 29 530136 203478 34.90 4.7 A
16- 24 52056 7 z%0 g 35.00 4.8 43
17- 30 530110 302771 35.30 5.2 27
18- 3H 53°29 '3 3044 "2 34.92 4.7 30
19- 42 53046 2  3°27 "9 35.06 4.8 37
20- A 53°292 3°04 71 34.88 4.7 3
21- 4 530448 203071 34.94 4.8 26
22- 33 53029 "9  2°00 "3 34.84 4.9 20
23- 49 53059 "8  2°02*4 35.07 5.2 69
24- 58 54015%5 2029 5 35.05 5.2 41
25- 50 54000"2 3°00 "9 34.92 4.4 43
26- 59 540154 3031 =2 35.01 4.6 v}
27- 51 54°00"4 3059 "9 34.92 4.6 48
28- 60 54°15 "0  4°30 "0 34.86 5.8 49
29- 79 glo 8 4°30 "7 34.92 4.5 51
30- 69 54°29 "9 4°00%4 35.05 4.8 48
31- 78 5404478 3028 "8 35.00 4.6 41
32- 68 54°30 "6  3°01 "2 35.10 5.2 39
33- 77 54°45 "7 2027 "6 35.07 5.3 23
34- 67 54°30 "3  2°00 "1 35.60 5.8 24
35- 86 55001'8 10597 35.10 5.0 32
36- 96 550149 2029 "6 35.15 4.8 40
37- 87 54°59 "8  3°00'9 34.98 5.2 27
38- 97 550151 3030'2 35.00 4.9 30
39- 88 54059'1 3°57'5 34.95 5.0 50



Table 1. Continued

Sampling-
station

Tyro-ICES =«

40- 98
41-119
42-108
43-118
44-107
45-117
46-106
47-127
48-139
49-128
50-140
51-129
52-141
53-142
54-130
55-120
56-109
57-
58-
59-
60-
61-
62-
63-
64-
65-
66-
67-
68-
69-
70-
71-

REOCRLGERBNRIBBS

Geographical
pos ition
N E
55°15 "5  4°29 5
5504477  4°29 "9
55°30 "3  4°00 =2
55°44"9 3029 "6
55°30 2 3°00 "6
B55°45 "3 2°29 "9
55°28 *7  2°0071
5600072 1059 "9
56015"4 203l "8
56°0071 2059 "8
560157 3°30 7
56000"1 4°00 "8
56° 151 4°301
56015 "1 5°29 "3
56000 "1 4059 *7
55045 "4  5°29 "6
55029 "3 4058 "9
550152 5031 "1
55°01 "0 4059 "9
5404479  5°30 "3
54°30%7 4059 "7
5401571 5°29 "8
54°29 "5 6°00"5
54015"3 6°30 0
53°59 "9  5°59 "8
53042 "0 6028 "9
53°36 "6 5059 "8
53°45 "5 5°30%4
53°59 "0 5001 "8
5304479  4°29 "6
53°32 "0 5°00 "7
530148  4°28"5

Salinity

(°/00>

34.95
34.98
34.95
35.13
35.06
35.11
75.21
35.37
35.48
35.38
35.33
35 .25
35.32
35.02
35.12
34.97
34.95
35.00
34.90
34.77
34.88
34.77
34.42
34.02
33.45
32.12
31.40
33.27
35.03
34.92
34.23
34.93

Temperature
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Table 2- The texture of the surface layer (upper 2 ad) of sediment

from the North Sea.
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Table 2. The concentration of copper,
the silt fract

North Sea.

Lead

in pg.g”l dry weight
Cadmium
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i Concentration
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Table 1. The concentration of copper, zinc and cadmium
in whole-body of the shrimp Cranaon allmanni
(Arthropoda, Crustacea, Natantia).

Sampling- Cpanczo allmanni
station Concentration in pg-g"1 dry weight
Tyro-ICES « Copper Zinc Cadmium

1-
2
3
4-
6~
7-

15-

16-
17-
19-
20-
23-
24~
27-
28-
29-
30-
3 -
P-

BIBIBRBEROBRBEEEERR

#
9

40- 8

41 -119%*
45- 1177
46- 106
49- 128
50- 140
51- 129
52- 141
54- 130
56— 109
57—
50-
60-
61-
62-
63—
64-
65_
66_
67-
68-
69-
70-

PRRRPNRRPRNNRRMOWARNR
BERBRACBERRBZEBIBLIIRSIRBIRSISINIIBRE8RS

OORNONOOUIOODORONNOONONDMNOORARMNNRODONNONAODON®©

RAGGRBLBBERBILBHRBRASEEBEBERINBLRRIRERBHEBAB S
OFRPWONOWWUIUITOUINWONSNNOJRPOWRONNWOONONOODNOONOOO®WW
NBsBRERIIBRNNINIBAIRNIBII N IR I BB SNRBEBBRS

BEBRYUGBRINRIBS

* mixed sample from stations 32-68, 35-86 and 37-87
** mixed sample from stations 41-119, 42-108 and 43-118
***  mixed sample from stations 45-117, 47-127 and 48-139



Table The concentration of copper, zinc and cadmium
in the brown shrimp Cranaon cranaon (Arthropoda,
Crustacea, Natantia).

Sampling- Cranaon cranaon
station Concentration in pg-g°"1l dry weight

Tyro-1CES # Copper Zinc Cadmium
1- 21 19 4 8 8 -39
320 7 86 O .48
4- 18 50 9 2 3 .55
6- 13 47 4 N 5 41
7- 10 46 9 8 6 3
17- 30 65 9 a 2 .38
20- A 73 3 9% 0 35
60- 70* 59 7 62 5 .49
63- 62 50 6 66 6 32
64- 53 65 1 87 7 51
65- 45 5% 5 83 6 .30
67- 44 5 7 69 6 -29
68- 52** 67 8 67 8 54
70- 36 56 8 %5 5 27

* mixed sample from stations 60-70 and 61-61
** mixed sample from stations 68-52 and 69-43



Table The concentration of copper, zinc and cadmium in the
starfish Asterias rubens (Echinodermata, Asteroidea).

Sampling- Asterias rubens
station Concentration in pg.g"1l dry weight
Tyro-1CES # Copper zZinc Cadmium
1- 21 n 7z 199 6 .60
25 13 7 213 6 49
3- 20 131 199 4 77
4- 18 59 118 1 49
6- 13 15 8 172 5 .75
7- 10 9 8 191 9 1.01
9- 9 131 192 0 .84
16- 24 12 3 179 8 .60
17- 30 77 145 4 44
18- 35 131 137 9 .61
19- 42 12 8 141 6 46
20- 34 22 7 150 3 .75
23- 49 28 7 159 4 59
24- 58 10 6 143 3 .62
26- 59 10 1 180 2 .94
27- 51 13 7 130 7 77
29- 79 135 176 8 .86
30- 69 12 4 182 9 -
31- 78 14 4 143 2 1.07
32- 68 16 4 223 8 112
33- 77 90 106 0 46
34- 67 81 131 4 .75
35- 86 90 89 9 1.51
36- 96 97 135 0 1.30
37- 87 10 9 147 0 .88
38- 97 90 144 7 .90
39- 88 n1 261 7 .-
40- 98 11 4 124 7 155
41 - 119 10 0 200 5 .96
42-108 8 8 168 8 1.74
43- 118 89 137 7 1.22
45-117 8 3 124 8 1.27
46- 106 77 171 3 .73
47- 127 76 173 1 1.79
48- 139 11 4 187 9 .73
49- 128 8 0 186 9 1.76
50- 140 8 7 110 2 1.31
51- 129 10 3 152 0 2.03
52- 141 9 2 293 5 1.84
53- 142 10 3 162 4 1.45
54- 130 9 2 193 9 1.38
55- 120 12 0 127 3 1.28
56- 109 8 7 148 0 1.89
57- 99 10 8 124 3 1.49
58- 89 11 9 195 1 1.21
59- 80 19 4 182 3 1.03
60- 70 ns 111 4 .83
61- 61 10 3 109 8 .71
62- 71 12 8 144 2 .72
63- 62 14 2 79 5 .51
64- 53 70 124 6 .42
65- 45 11 7 195 7 .70
66- 37 20 8 281 3 1.18
67- 44 6 5 147 3 .38
68- 52 12 9 142 0 .82
69- 43 16 2 221 2 .77
70- 36 12 3 216 6 1.22



Table 7. Number of individuals (n) of different species homogenized,

mean wet weight of each specimen (g), the amount of
pentane extractable lipid (PEL) expressed as a percentage of
wet weight and the 1 PCB concentrations (pg-g-1 PEL).

Sampling- mean wet weight Lipid
station Species n per animal % of wet weight 1 PCB
Tyro-I1CES =« ( S.D.)

Cranggn
15- 29 allmanni 2 0.66 1.33 1.1
16- 24 2 0.53 1.24 1.15
17- 0 35 0.54 1.4 0.75
23- 49 50 0.61 1.20 (0.0D) 0.57
28- 60 2 0.73 1.19 (0.06) 0.60
29- M 5 0.40 1.10 0.46
40- 98 A 0.38 1.40 (0.0 0.48
46-106 24 0.42 111 0.34
49-128 2 1.24 0.83 (0.04) 0.46
50-140 11 0.62 1.06 0.53
57- 9 39 0.43 0.94 (0.01) 0.49
59- 80 50 0.46 0.84 (0-04) 0.70
60- 70 40 0.54 0.71 (0.10) 0.69

Cranaon
1- 2 cranaon 12 1.57 0.99 (0.07) 2.22
32 8 1.88 1.21 (©0.17) 1.4
4- 18 2 1.47 1.03 (0.08) 1.72
6- 13 15 2.29 1.13 (0.03) 2.98
7- 10 12 2.05 1.33 (0.05) 2.83
66- 37 50 1.68 0.93 (0.07) 1.54
70- 36 5 0.35 0.94 (0.10) 1.52

Asterias
7- 10 rubens 10 23.19 0.78 (0.11) 4 88
19- 42 6 25.53 1.57 (0.27) 1.23
29- 7 7 19.41 1.59 (0.21) 0.99
35- & 5 56.94 1.24 (0.16) 0.62
40- 98 10 13.58 1.36 0.90
46-106 2 14.24 0.74 (0.29) 0.65
58- 89 8 23.30 0.93 (0.09 0.72
65- 45 9 22.02 0.71 (0.10) 2.72
70- 36 7 25.09 0.80 (0.03) 1.02



Table fi. The concentration (ng.g-1 pentane extractable lipid, PEL) of 35 individual polychlorinated
biphenyl congeners in the shrimp Cranaon allmanni from the North Sea. Numbering of the congeners
according to IUPAC rules, as suggested by Ballschmiter & Zell (1980). The congeners are given in
order of elution from the GLC column.

PCB- Sarapl ing-stcition / Tyro-1Ces #
congener
IUPAC # 15- 29 16- 24 17- 30 23- 49 28- 60 29- 79 40- 98 46-106 49-128 50-140 57- 99 59- 80 60- 70

18 : - 38 17 19 19 - 16 16 24 23 17
28 - u , , 12 15 14 : 1 i) 15 15 14
52 31 37 24 19 22 22 22 24 19 20 3 25 24
49 - , , , , , , : : 34 : : 60
75, 47 : , : 14 : . : : 10 10 8 9 -
44 : u . : 10 u 10 : : 10 1 1 1
6L 5 8 3 5 4 4 : : - 3 4 5 5
70,98 26 32 17 14 17 17 15 14 1 15 16 19 19
93,66,80,95 pil 25 16 12 14 15 13 12 1 13 14 16 16
60,71 : 5 : 5 : : : : : : , : ,
92 85 106 7 65 57 48 4 : 35 36 42 61 58
84 3 , . 9 : : : : 5 : : : ,
101 63 70 44 4 35 29 28 25 27 26 30 40 37
83 31 8 5 u : : : . . : , :
115,87,90,116 8 9 6 : 4 : : - - 3 : 4
136 9 . . . . . . . . , : . :
107 12 u 9 10 6 5 5 : 5 5 4 7 7
139,149,123 26 29 2 18 17 14 14 13 14 : 15 19 8
118,140 126 125 84 56 59 40 48 42 48 50 45 62 59
153 211 232 155 97 126 81 93 77 93 94 91 142 135
141,179 1 12 7 : 5 4 5 : 6 6 5 6 6
138 97 127 95 52 65 44 50 43 48 53 49 80 75
187 76 84 68 42 53 37 a 38 38 a 38 62 60
183 18 15 9 , . . : : : 9 : 9 .
128 19 15 12 : 8 : : : . : 7 10 9
167 19 17 . : : : : . : . : . :
177 il 30 25 13 17 13 14 13 13 14 10 18 20
156,171 10 8 7 , : . : . : 4 5
200,157 10 5 4 , 4 : : : 5
172 i) 8 . : , : : : : : : . :
180 54 69 46 27 29 2 26 3 2 32 2 32 33
201 30 3 19 17 18 15 17 18 19 15 u 14 15
196 16 12 . : : : , - : 8
194 12 8

209 12 . - - - . : . -



Table £. The concentration (ng.g'l pentane extractable lipid, PEL) of
35 individual polychlorinated biphenyl congeners in the
shrimp Cranaon cranaon from the North Sea. Numbering of
congeners according to IUPAC rules as suggested by
Ballschmiter & Zell (1980). The congeners are given in order
of elution from the GLC column.

PCB- SampJLing-stcition / Tyro-I1(:es s
Congener
IUPAC s 1-21 3-20 4-18 6-13 7-10 66-37 70-36
18 50 32 54 50 60 33 35
28 43 25 34 42 51 27 32
52 100 52 88 156 166 85 94
49 . 1 17 . 37 22 27
75, 47 23 11 16 86 33 19 17
44 53 29 42 32 97 54 60
61 16 7 11 22 24 11 12
70, 98 56 30 41 86 74 62 64
93,66,80,95 55 28 41 82 106 48 52
60, 71 1 7 9 18 22 13 14
92 200 84 154 288 255 135 130
84 16 8 14 16 19 10 1
101 79 32 58 109 118 63 63
83 13 : 13 9 10 4 5
115,87,90,116 14 8 1 24 30 17 18
136 8 4 6 7 8 3 4
107 35 20 26 41 37 25 24
139,149,123 48 18 30 54 52 27 24
118,140 237 101 181 273 260 146 147
153 271 93 196 326 283 142 129
141,179 15 6 10 22 19 8 8
138 239 112 185 290 260 155 147
187 165 93 134 220 191 126 124
183 33 15 23 52 37 18 17
128 16 6 12 18 17 11 7
167 46 25 35 60 53 32 30
177 91 43 72 108 101 65 61
156,171 24 12 17 32 28 15 14
200,157 8 4 6 8 8 5 5
172 23 12 17 36 32 13 12
180 175 86 129 327 262 100 95
201 30 17 23 46 43 23 21
196 . . . . . . .
194 15 8 u 23 22 10 10

209 12 5 7 17 13 8 5



Table 10. The concentration (ng.g'"l pentane extractable lipid, PEL) of 35
individual polychlorinated biphenyl congeners in the starfish
Asterias rubens from the North Sea. Numbering of congeners
according to IUPAC rules as suggested by Ballschmiter & Zell
(1980). The congeners are given in order of elution from the GLC

column.
PCB- Samp Ling-st<ation / Tyro-ICes m
Congener
IUPAC 7- 10 19- 42 29- 79 35- 86 40- 98 46-106 58- 89 65- 45 70- 36
18 28 25 24 16 - 22 26 36 23
28 50 19 20 12 14 25 18 41 19
52 136 27 29 21 19 39 22 66 30
49 7 - - 13 - 19 - 37 -
75, 47 61 - 21 - - 14 - 26 13
44 54 22 26 13 . 14 : 23 20
61 3 10 8 5 8 7 8 19 8
70, 98 74 23 26 17 21 21 : 33 21
93,66,80,95 136 25 22 14 29 29 22 76 28
60, 71 13 9 9 5 12 7 : 8 6
92 348 78 67 - 90 78 - 171 71
84 24 41 36 32 13 s 13 10 .
101 315 58 51 35 62 54 45 177 64
83 13 36 31 28 : 4 . . 6
115,87,90,116 39 : . . 7 21 9
136 28 10 9 8 - 4 . 9 6
107 41 14 9 8 - 5 - 28 9
139,149,123 261 32 25 16 40 29 24 161 50
118,140 489 149 111 86 79 53 57 313 104
153 926 235 152 109 163 95 116 546 210
141,179 29 7 5 - 21 - - 9 -
138 614 121 76 44 118 62 73 410 145
187 336 81 4 30 71 38 58 184 89
183 37 17 13 : - . 17 23 -
128 104 31 23 14 30 13 34 77 28
167 60 23 20 - 39 - 24 - -
177 143 39 28 17 34 16 39 84 36
156,171 31 - 14 8 16 - 15 68 10
200,157 9 13 9 8 - - 13 10 -
172 34 - 9 . . - 12 - -
180 189 30 17 15 - 8 3 58 18
201 80 . 19 23 - - -
196 26 21 9 8 - - 23
194 26 11 9 7 . . 12

209 16 18 15 n 19 . 19



Table 11. Number of individuals (n) of Nephtvs homberaii homogenized,
mean wet weight of each specimen (g), the amount of pentane
extractable lipid (PEL) expressed as a percentage of wet
weight and the | PCB concentrations (pg-g-1 PEL).

Sampling- mean wet weight Lipid
station H per animal % of wet weight 1 PCB
Tyro-ICES s (& S.D.)
- 2 7 13 0Oa 0
6- 13 0 03# 0 57 072
7- 10 15 0 6l 0 45 0 =3
10- 12 11 02X 077 0
14- 23 15 0 19 o077 0 R
17- 0 10 o4 074 0 &
18- b 19 033 0 46 073
24- 58 10 03 o077 0 45
29- M 10 0 19 0 45 0 48
31- 78 12 015 0 37 0a
34- 67 15 028 o 0 8
41-119 13 o2 0 50 0 %9
46-106 18 0 19 0 %0 057
48-139 10 0 17 0 97 0 40
51-129 10 025 0 &2 108
52-141 15 o2 0 & o
56-109 15 0 12 072 052
57- 9 3] 0 16 13 07
58- & 10 02z 0 % 07
60- 70 10 ox 0 66 07
62- 71 11 0 17 0 45 0 60
63- & 20 0 46 023 0 43
66- 37 15 074 0 % 24
68- =2 12 0 4 100 0 76
71- 3 12 023 o 1056
1 10 0 19 04 02
i 17 0 MM 03 030
i 20* 128 033 0 11
v 13 0 37 122 0 16
\Y 15* 03 04 025
\ 14 022 055 108
Vil 15 022 0 57 0 47
VI 17 0 67 0 59 0 4
IX 16 0 &0 o0& 0 43
Stations:
1 = 45-117 + 47-127 * = 1 Nereis fucata
Il = 49-128 50-140 ** = 1 Nereis fucata +
Il = 53-142 + 54-130 + 55-120 1 Nereis .
IV = 42-108 + 43-118 + 44-107
\ = 37- 8 + 3B- 97
Vi = 39- + 40- B
Vil = 26- 59 + 28- 60
VIII = 19- &2 +20- 3
IX = 15~ 29 +16- 24



The concentration (ng.g'l pentane extractable lipid,

PEL) of 35

individual polychlorinated biphenyl components in the polychaete

annelid Nephtvs homberaii from the North Sea. Numbering of

congeners according to IUPAC rules as suggested by Ballschmiter

& Zell (1980). The congeners are given

6- 13

63
89
155

86
97
45
226
167
49
546
61
465
55
68
39
52
382
610
1160
76
736
351
129
144
105
212
58
25
74
600
105
66
67

Table 12.
the GLC collumn.
PCB-
Congener
IUPAC s 1- 21
18
28 B
52 15
49
75, 47
14 B
61 6
70,98 23
93,66,80,95 .26
60, 71 6
92 65
84 B
101 56
83 B
115,87,90, 116 9
136 -
107 9
139,149,123 51
118,140 114
153 151
141,179 7
138 123
187 51
183 15
128 21
167 -
177 39
156,171 8
200,157
172 -
180 63
201 12
196 .
194 7
209 5

55

Sampling-station / Tyro-ICES #

7-

43
54
86

34
49
20
82
17
318
19
263
23
39
20
39
276
445
977
49
704
369
87
112
95
212
48
17
59
505
103
46
58
19

10 10-

56
56

48

64

47
99
234

144
60

73

12 14-

73
92
74
49

72

92

48
89
129
90
42

66

23 17-

58
63
45
65

16

89
20
52
105

166

110
54

44
44
49
73

45
89
148

93
52

95

30 18- 35 24-58

45

42

13

61
11
35
58

90

59
31

in order of elution from

29-

120

25
111
59

163

97

23

79
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Table 12. Continued. The concentration (ng-g"l1l pentane extractable lipid,
PEL) of 35 individual polychlorinated biphenyl congeners in the
polychaete annelid Nephtvs hombergii from the North Sea.
Numbering of congeners according to IUPAC rules as suggested by
Ballschmiter & Zell (1980). The congeners are given in order of
elution from the GLC column.

PCB- Sampling-station / Tyro-ICES s
Congener
IUPAC # 31- 78 34- 67 41-119 46-106 48-139 51-129 52-141 56-109 57- N9

18 . _ _ 87 - 122 - - -
28 132 70 63 73 80 107 50 o) 75
52 - 75 - - e - 108 - - 73
7, 47 _ _ _ _ _
v\ - 45 - - - 77 - - -
61
70,98 63 73 58 - 95 51 - Y
93,66,80,95 - - 53 46 - - 40 46 57
60, 71 - - - - - 2 11 - 20
R
(S
101 165 o) 101 69 75 127 82 2 110
&
115,87,90,116 - - - - - 33 14 - _
136
107
139,149,123 86 49 58 R 9 57 51 45 52
118,140 139 87 % 63 62 A 93 70 78
153 182 138 148 Y} 0 102 182 119 133
141,179 - - , - - - - _
138 108 a M 47 58 a1 116 72 75
187 - 43 - - 51 - -
183 - - - - - - - - _
128 - - - - - - _ _
167
177 - - - - - - . - -
156,171 -
200,157 - - - - - - ] - _
172
180 . 46 ) ; ; 52 69 - }
201 - - - - - - - - _
196 - _ _ _ _ - _ - _
194

209 - - - - - - - - -



Table J2. Continued. The concentration (ng.g"l pentane extractable
lipid, PEL) of 35 individual polychlorinated biphenyl
congeners in the polychaete annelid Nephtvs homberaii from
the North Sea. Numbering of congemers according to IUPAC
rules as suggested by Ballschmiter & Zell (1980). The
congeners are given in order of elution from the GLC column.

PCD- Sampling-station / Tyro-ICES #
Congener
IUPAC =« 58- 89 60- 70 62- 71 63- 62 66- 37 68- 52 71- 3l

18 - - - - 42 35 -
28 61 58 - - 59 36 72
52 75 60 - - 66 41 67
49 37 - - - - 24
75, 47 26 - -
a4 49 49 27 46
61 12 - - - 17 - -
70, 98 75 58 - - 76 # 58
93,66,80,95 58 52 - - 68 - 50
60,71 24 24 - - 21 9
92 - - - - 171
84 - - - 51 12 - -
101 95 103 110 - 138 51 85
83 - - - 48 14 15
115,87,90, 116 26 - - - 2 12
136 - - - - 12
107 - - - 10 23 - -
139, 149,123 36 48 69 - 116 43 51
118,140 68 I 95 110 252 56 104
153 74 131 197 127 355 116 226
141,179 - - - - 14 - -
138 60 88 124 27 300 79 151
187 48 125 50 66
183 34
128 56
167 33
177 A 31
156,171 - - - - 18
200,157 - - - 13 -
172 - - - - 15 -
180 119 56 66
201 25 19
196 - - - - - -
194 - - - 15 17 11 -
209 - - . ss) 18 15 6
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Table 12. Continued. The concentration (ng.g"l pentane extractable lipid,
PEL) of 35 individual polychlorinated biphenyl congeners in the
polychaete annelid Nephtvs homberaii from the North Sea. Numbering
of congeners according to IUPAC rules as suggested by Ballschmiter
& Zell (1980). The congeners are given in order of elution from
the GLC column.

PCB- Sampling-station / Tyro-ICES =«
Congener
IUPAC =« | 1l 1l v \ \ VI VI IX

18 : 17

©
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B

107
139,149,123

118,140 . .
153 168 151

141,179 . .
138 119 150
187
183
128
167 . : : : . .
177 : . . . : 4

156,171

200,157
172
180 - - - 20 - - ar} - -
201 . . . . . . . . 15
196
14
209

196
224

ER BBB-
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B8R 82K
B F&N
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CHEMICAL SUBSTANCE
POLLUTANT

Emission

ENVIRONMENT

nutrients
pH, p02 pC02
physical/chemical fate ABIOTIC salinity
COMPARTMENT transport
sedimentation
spéciation

uptake
distribution
elimination

BIOTIC

biological fate
COMPARTMENT

exposition
dose

TOXIC ACTION uptake

IN BIOPHASE distribution
elimination
biotransformation

Fig. 1 Pathay of a chemical substance, entering the natural environment onto exerting its physiological effect, including
a scheme showing the processes determining the kinetics of a chemical substance (eg. PCB-congeners) in organisms.
(Figure combined after Boon, 1986 and Everaarts, 1986).
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Fig. 2. Position of the sampling station in the Dutch sector of the continental shelf of the North Sea, during the Synoptic
Mapping Programme (16 april-2 may, 1986); the sampling sites are identified by two numbers: the first number according
to the sampling sequence on board RV. 'TYRO’ and the second number according to the '‘Cooperative North Sea Pro-
gramme 1986’ of the Benthos Working Group of the ICES.



29

Fig. 3. The mean and duplo values of the concentration of copper (/ig.g-1 dry weight) in the silt fraction (grain size < 63
/un) of surface sediment (upper 2 cm) from the North Sea. The Y-axis gives 100 /*g.g-1.
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Fig. 4. The mean and duplo values of the concentration of zinc (ng.g~1dry weight) in the silt fraction (grain size < 63 ")
of surface sediment (upper 2 cm) from the North Sea. The Y-axis gives 2000 /tg.g-1.
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Fig. 5. The mean and duplo values of the concentration of cadmium (/xg.g-1 dry weight) in the silt fraction (grain size <
63 /im) of surface sediment (upper 2 cm) from the North Sea. The Y-axis gives 10 /xg.g~1.
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Fig. 6. The mean and duplo values of the concentration of lead Oig.g-1 dry weight) in the silt fraction (grain size < 63 /»m)
of surface sediment (upper 2 cm) from the North Sea. The Y-axis gives 300 /tg.g-1.
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Fig. 7. The concentration of copper in whole body of the shrimp Crangon allmanni. The Y-axis gives 100 ~g.g” 1 dry
weight. The sampling sites from which specimens are pooled, together with the concentration to match, are indicated by
e and *, respectively (cf. Table 4).
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Fig. 8. The concentration of zinc in whole body of the shrimp Crangon allmanni. The Y-axis gives 100 ~g.g-1 dry weight.
The sampling sites from which specimens are pooled, together with the concentration to match, are indicated by e
and *, respectively (cf. Table 4).
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Fig. 9. The concentration of cadmium in whole body of the shrimp Crangon allmanni. The Y-axis gives 4 dry
weight. The sampling sites from which specimens are pooled, together with the concentration to match, are indicated by
e and *, respectively (cf. Table 4).
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Fig. 10. The concentration of copper in whole body of the brown shrimp Crangon crangon. The Y-axis gives 100 ng.g-1
dry weight. The sampling sites from which specimens are pooled, together with the concentration to match, are indicated
by e and *, respectively (cf. Table 5).
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Fig. 11. The concentration of zinc in whole body of the brown shrimp Crangon crangon. The Y-axis gives 100 g.g-1 dry
weight. The sampling sites from which specimens are pooled, together with the concentration to match, are indicated by
e and *, respectively (cf. Table 5).



Fig. 12. The concentration of cadmium in whole body of the brown shrimp Crangon crangon. The Y-axis gives 4 7°g.g-1
dry weight. The sampling sites from which specimens are pooled, together with the concentration to match, are indicated
by = and *, respectively (cf. Table 5).
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Fig. 13. The concentration of copper in whole body of the starfish Asterias rubens. The Y-axis gives 30 7\g.g~1dry weight.
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Fig. 14. The concentration of zinc in whole body of the starfish Asterias rubens. The Y-axis gives 300 ng.g 1dry weight.
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Fig. 15. The concentration of cadmium in whole body of the starfish Asterias rubens. The Y-axis gives 2 /ig.g'1dry weight.
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Fig. 16. The concentration of EPCB in whole body of the shrimp Crangon allmanni (J8 ) and in whole body of the brown
shrimp Crangon crangon (_§ ). The Y-axis gives 3 ~*g.g'l pentane extractable lipid.
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Fig. 17. The concentration of EPCB in whole body of the starfish Asterias rubens. The Y-axis gives 3 °g.g-1 pentane ex-
tractable lipid.
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Fig. 18. The concentration of EPCB in whole body of the polychaete annelid Nephtys hombergii. The Y-axis gives 3 /tg.g~1
pentane extractable lipid. The sampling sites from which specimens are pooled, together with the concentration to match,
are indicated by | up to and including IX (cf. Table 4).
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