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ABSTRACT: Lead and cadmium concentrations were measured in the polychaetes Nephtys hom-
bergi and N. caeca, in the sea-urchin Echinocardium cordatum, and in the bivalve Venus striatula
obtained from the Dogger Bank and the eastern North Sea. The cadmium concentrations determined
in all four species from these areas were relatively equal, except for an increase in concentration
found in those species from the northeastern part of the Dogger Bank. A lower lead content was
generally observed in the individuals taken from the German Bight than in those from the Dogger
Bank, especially from its northeastern part. In the case of lead, it is possible to divide the southern
North Sea into three regions according to the different concentration levels by statistical treatment:
the less contaminated German Bight, the more contaminated central Dogger Bank and the highly
affected northeastern Dogger Bank. The results obtained contradict the prevailing opinion that
offshore invertebrate populations are, in comparison to individuals from coastal regions, less affected
by contaminants such as heavy metals.

INTRODUCTION

The input of pollutant loads into the North Sea is generally considered to derive from
land-based sources via rivers, coastal waters and the atmosphere. For this reason,
contamination studies have generally been conducted only in areas close to the waste
sources. According to an environmental assessment of the North Sea (Umweltprobleme
der Nordsee, 1980) the coastal waters act as contaminant sinks. For this reason, the
central parts of the North Sea were believed to be to some extent unaffected. In 1985 and
1986, samples of macrofauna species such as polychaetes Nephtys hombergi, N. caeca
(predators), the sea-urchin Echinocardium cordatum (deposit feeder) and the bivalve
Venus striatula (suspension feeder) were taken to analyse their lead and cadmium
content. These species were chosen because they represent different feeding types. In
addition, they are distributed over the whole of the North Sea area. Thus, they can be
used to detect regions of different contamination levels. The major region of investigation
was the Dogger Bank, an offshore shallow-water area, approximately 300 km in exten-
sion. This study, concerned with the distribution of heavy metals in selected macrofauna
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species, is a contribution within an interdisciplinary research project dealing with the
distribution and processes of contamination in the North Sea.

MATERIAL AND METHODS
Sampling

The sampling stations were located on the Dogger Bank and in the eastern North Sea
(Figs 1-3). Sampling took place in October 1985 and July/August 1986. The samples
were taken with a galvanized 0.2 m? Van-Veen grab. They were then quickly washed
through a sieve of plastic (frame) and stainless steel (mesh, mesh size 1 mm). Undamaged
live specimens were kept in running water for 2 days to let them empty their guts, and
were stored frozen at —20°C prior to analysis.

Preparation of samples for heavy metal analyses

The samples were thawed in a clean-bench. The specimens then underwent the
following procedures: For Nephtys hombergi and N. caeca, the length classes < 5 cm,
6-8 cm, 10-12 cm and > 12 cm were selected. For the length class 6-8 cm, 5 individuals
per station were pooled; for the length class 10-12 cm two individuals, for the remaining
length classes (< 5 cm and > 12 cm) all available specimens per station were pooled. The
pooled samples were freeze dried, afterwards homogenized by pulverizing with a plastic
stick, and an aliquot of about 100 mg was used for analysis.

In order to prevent contamination, identification of each worm by stereomicroscope
inspection was omitted. Randomly taken samples established that, in general, individuals
of 6-8 cm length belong to the species N. hombergi, and individuals that measure more
than 12 ecm belong to the species N. caeca. To exclude the possibility of erraneous
identification, the two species are considered as Nephtys spp.

For Echinocardium cordatum the length classes 1-5 cm were chosen. It was planned
to take 4 individuals per length class and station but in case less were caught all available
specimens were taken. Contrary to the procedure used for other species, the calcium
skeleton of E. cordatum was taken for analysis. From each specimen a piece of about
20 mm? from the mouth region of the calcium skeleton was broken off, the pieces were
pooled and subsequently analysed.

For Venus striatula the soft parts of mainly 4 individuals per station, shell length
1-1.5 ¢cm, 2-2.5 cm and 3-3.5 cm, were used. The pooled soft parts were freeze dried and
homogenized by pulverizing with a plastic stick. An aliquot of about 50 mg was analysed.

For all species-and stations 2 independent samples, treated identically, were analy-
sed in order to evaluate analytical reproducibility.

Analysis

The analytical procedure applied involved sample decomposition with nitric acid in a
closed system (pressure decomposition), solvent extraction with 1,5-diphenylthiocarba-
zone/toluene, back-extraction with diluted hydrochloric acid, followed by graphite fur-
nace atomic absorption spectrometry. Further details are given by Harms (1983, 19835).
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The precision (coefficient of variation) for replicate samples was about 10 %. All blanks
contained less than 10 % of the lowest values determined in this study.

Statistics

In order to divide the area of investigation into regions of different contamination
levels of organisms, exploratory data analysis after Tukey et al. (1977) was performed. For
each metal, medians and quartiles were calculated per cruise and species. Stations with
concentrations between median and upper quartile were designated +, above upper
quartile + +, stations with concentrations between median and lower quartile were
marked with —, below lower quartile with ——. Subareas of different contamination levels
were determined by the distribution of the signs +, + +, —, ——. Preliminary analysis of
differences between subareas was calculated by notched box and whisker plots (based
on median, quartile and intervals surrounding the median) after McGill et al. (1978). If
the notches of different subareas do not overlap, the subareas are significantly different at
a 5 % significance level.

For the determination of higher significance levels (1 %) between the subareas, the
Kruskal-Wallis-test (Lienert, 1973) was used. Afterwards, a post hoc rank test after Dunn
(Lienert, 1973) was performed to analyse significant differences (a = 0.01) between
certain subareas.

RESULTS

Distribution of lead and cadmium

Nephtys spp.

Figures 1a and 1b show the distribution pattern of lead concentrations in Nephtys
spp. (6-8 cm), sampled in October 1985 and July/August 1986. The lead content in
samples from the German Bight ranges between 0.6-0.8 mg/kg dry weight. It is lower
than in the samples from the Dogger Bank and Danish Waters which displayed up to
5.6 mg/kg dry weight (Fig. 1a).

In July/August 1986, the lead concentration was about the same as in October 1985
{(Fig. 1b). Unfortunately, no data for the eastern North Sea are available.

In October 1985, the concentration of cadmium in Nephtys spp. was uniform in the
area of investigation (Fig. 1c). Generally, the values ranged between 1.3-2.4 mg/kg dry
weight.

In July/August 1986, the distribution of cadmium values in the animals from the
Dogger Bank was the same as the year before (Fig. 1d).

Echinocardium cordatum

In October 1985, sampling of Echinocardium cordatum (4 cm in length) was not so
successful as in July/August 1986. Values for individuals from the central Dogger Bank
and the German Bight (Fig. 2a) could not be obtained.

In July/August 1986 (Fig. 2b), an evaluation of the lead data showed that organisms
from the open sea were more highly contaminated by lead than those from the German
Bight. The values varied between 17-68.5 mg/kg dry weight in Dogger Bank organisms
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Fig. 1. Nephtys spp. Lead and cadmium concentrations (mg/kg dry weight) measured in October
1985 and July/August 1986. Location of Dogger Bank dotted in all maps

(maximum values in the northeastern part) and only 4.6-10.6 mg/kg dry weight in
German Bight organisms.

The cadmium concentrations in October 1985 (Fig.2c) and July/August 1986
(Fig. 2d) were uniform. The concentrations varied between 0.08-0.2 mg/kg dry weight.
The only exception was in individuals from the northeastern part of the Dogger Bank
with an increase in concentrations of up to 0.5 mg/kg dry weight.

Venus striatula

In October 1985 (Fig. 3a), the lead concentrations of 1.6-4.6 mg/kg dry weight in
Venus striatula (3—-3.5 cm shell length) from the German Bight were nearly as high as in
those sampled at the two stations on the Dogger Bank with 3.3—4.4 mg/kg dry weight.
Animals from stations in the northern German Bight and in Danish Waters revealed lower
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Fig. 2. Echinocardium cordatum. Lead and cadmium concentrations (mg/kg dry weight) measured in
October 1985 and July/August 1986

contents (0.3-1.4 mg/kg dry weight) than those from Dogger Bank stations. Figure 3b
shows the same situation for a few stations in July/August 1986.

The cadmium concentrations were uniform in individuals from the eastern North Sea
in October 1985 (Fig. 3c). The values (0.8-2 mg/kg dry weight) were lower than those
observed at the Dogger Bank stations (3.2 mg/kg dry weight). In July/August 1986
(Fig. 3d}, the situation seemed to be the same.

Ranged data, also for other length classes obtained during the present study, are
summarized in Table 1. They are well in line with the above mentioned ones. Length-
dependent differences in concentrations were not observed.
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Fig. 3. Venus striatula. Lead and cadmium concentrations (mg/kg dry weight) measured in October
1985 and July/August 1986

Regional differences

Significant differences (a = 0.01) in the contamination levels of macrofauna species
from subareas of the southern North Sea were determined after Dunn (Lienert, 1973).

Attempts were made by statistical analysis to divide the southern North Sea into
regions of different heavy metal levels as reflected by the contamination of macrofauna
species. The data available for all size classes were used, since significant length-
dependent differences were not observed in the species investigated.

Nephtys spp.
In October 1985 and July/August 1986, significant differences in the lead content of
Nephtys specimen from the German Bight (median 1 mg/kg dry weight: Fig. 4a subarea
1), the northeastern Dogger Bank (median 3.4 mg/kg dry weight: subarea 2}, and the
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Table 1. Ranges of lead and cadmium concentrations measured in Nephtys spp., Echinocardiuin
cordatum and Venus striatula of different size classes

Species/size Pb (mg/kg d.w.) Cd (mg/kg d.w.)
classes (cm) October July/August October July/August
1985 1986 1985 1986
Nephtys spp.
5 2.1-5.6 1.7-6.4 1.2-2.3 1.0-6.6
6-8 0.6-5.6 1.0-6.5 0.5-2.4 0.2-2.3
10-12 0.5-54 1.04.3 0.5-3.2 1.0-2.3
12 1.0-3.3 1.2-7.8 0.5-2.3 0.3-1.5
Echinocardium cordatum
1 - 31.4-57.4 - 0.09-0.5
2 44-12.4 4.3-43.0 0.09-0.4 0.08-0.34
3 2.9-33.9 5.9-30.0 0.18-0.3 0.12-0.18
4 1.8-18.6 4.6-68.5 0.04-0.5 0.08-0.5
5 18.0-38.0 17.346.7 0.08-0.3 0.13-0.2
Venus striatula
1-1.5 1.6-6.9 0.8-2.0 0.9-21 0.8-1.1
2-2.5 0.6-7.1 0.4-1.7 0.8-3.6 0.7-1.4
3-3.5 0.3-4.6 0.5-3.5 0.8-3.3 1.0-2.8

central/southwestern Dogger Bank (median 2.1 mg/kg dry weight: subarea 3) could be
noted. Organisms from the German Bight and northern Danish waters were uniformly
contaminated (Fig. 4a). In July/August 1986, significant differences were noted between
the values obtained on the northeastern (median 2.1 mg/kg dry weight: Fig. 4a subarea
2) and central/southwestern Dogger Bank (median 1.6 mg/kg dry weight: subarea 3).
In October 1985, the cadmium content in organisms from the northeastern Dogger
Bank (median 1.7 mg/kg dry weight: Fig. 4b subarea 2) was significantly different from
that observed in organisms from the central/southwestern Dogger Bank (median 1.2 mg/
kg dry weight: subarea 3). In July/August 1986, all values obtained for cadmium
contamination in the macrofauna species studied were uniformly distributed (Fig. 4b).

Echinocardium cordatum

In July/August 1986 the lead contents of this species showed significant differences
between the northeastern/central part of the Dogger Bank {median 34.7 mg/kg dry
weight: Fig. 4c, subarea 2) and the southwestern part (median 17 mg/kg dry weight:
subarea 3) as well as the German Bight (median 10.2 mg/kg dry weight: subarea 1).

Cadmium levels measured in sea urchins from the northeastern/central (median
0.3 mg/kg dry weight: Fig. 4d subarea 2) and southwestern Dogger Bank (median
0.1 mg/kg dry weight: subarea 3) showed significant variations in October 1985.

In Venus striatula significant differences in the lead content was noted only in
October 1985 for individuals from the German Bight/southern Danish Waters (median
1 mg/kg dry weight: Fig. 4e, subarea 1) and northeastern Dogger Bank (median 4.2 mg/
kg dry weight: subarea 2). Cadmium concentrations were uniformly distributed in this
species (Fig. 4f).
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Fig. 4. Significant differences (1% level} in the lead and cadmium concentrations in Nephtys spp.
(a, b), Echinocardium cordatum (c, d) and Venus striatula (e, f) from the delineated North Sea
subareas in October 1985 (w, —) and July/August 1986 (+, ——-)

DISCUSSION

For a long time the coastal waters of the North Sea were considered to act as
contaminant sinks (Duinker & Nolting, 1977, 1982). As late as 1984 Kremling et al. (1988)
found for several dissolved trace metals, with the exception of cadmium, a decreasing
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gradient towards the open sea. The metal concentration in filtered sea water from the
northeastern Dogger Bank was as high as that observed in the German Bight.

The results of this investigation into the distribution of lead and cadmium concentra-
tion in macrofauna species from the southern North Sea show that the prevailing opinion
of a general decrease in contamination gradients from coastal waters to the high sea
regions (Carlson, 1986) does not hold.

In general, it is safe to say that cadmium concentrations in the species Nephtys spp.,
Echinocardium cordatum and Venus striatula were relatively uniform in the whole area
of investigation: that is, there was no gradient between coastal and open sea specimens
(Figs 1, 2, 3). However, an increase in the cadmium concentrations in Nephtys spp. and
E. cordatum (Fig. 4b, d) from the northeastern part of the Dogger Bank compared to
nearshore specimens was detected. Lead contamination of the macrofauna allows a
division of the southern North Sea into areas of different contamination levels, the
German Bight being less contaminated than Danish Waters/northeastern Dogger Bank
and southwestern Dogger Bank (Fig. 4a, ¢, e). The northeastern Dogger Bank is also
where lead is concerned a highly contaminated area.

Cadmium and lead concentrations in Nephtys spp. are similar to those measured in
N. hombergi from highly contaminated British estuaries (Bryan et al., 1985), and in Nereis
diversicolor from Danish coastal waters (National Agency of Environmental Protection,
1978). Cadmium values in V. striatula are similar to those analysed in different bivalve
species by the afore-mentioned authors, while the lead contents observed in these
species in this investigation were lower than those in comparative studies. The lead
content found in the calcium skeleton of E. cordatum confirms often recorded results of
investigations into the heavy lead contamination of bivalve shells (Fowler, 1985). Since
Bryan (1976) and Bryan & Hummerstone (1977) could show that contamination of
polychaete species such as Nereis and Nephtys was correlated with the contamination of
the surrounding sediments and considering the fact that the total sediments of the
German Bight are more heavily contaminated by heavy metals than total sediments from
the Dogger Bank (Kersten, 1988), the question arises as to why macrofauna species from
the open sea are more contaminated than those from the German Bight.

An explanation of this apparent discrepancy is offered by the fact that even though
the metal concentration in total sediments may be low, the fine fraction (< 20 um) of
surficial sediments is several times more highly contaminated in those areas where a high
level of contamination was recorded in the organisms investigated (Irion & Miiller, 1987;
Kersten & Klatt, 1988). Since Brown (1986) could show that macrofaunal species prefer to
feed on fine particles < 20 pm, it seems that the investigated macrofauna species
representing three different feeding types (predator, deposit feeder and suspension
feeder) were contaminated by the material ingested. This would explain how contami-
nants enter the food web. An additional reason for the higher contamination of offshore
macrofauna populations might be that offshore species are older, even if they are of the
same size as nearshore species, since, due to higher temperature and better food
resources of coastal regions, nearshore specimens grow faster (Buchanan, 1966; Duine-
veld & Jenness, 1984). In this case, the offshore organisms growing more slowly would
have more time to accumulate the heavy metal at a given size. The organic matter found
on the Dogger Bank consists mainly of highly oxidized terrestrial material (Wiesner et al.,
1988) that offers hardly any nutritive value. Contents of organic carbon in total sediments
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of coastal regions consisting of planktonic material are higher and should further faster
growth.

Lead and cadmium analyses of dab (Limanda limanda}, which utilize the benthos as
food resources, also show higher lead and cadmium concentrations in the offshore parts
of the southern North Sea than in the German Bight (Claussen, 1988). An additional
question in this context is whether the heavy metal concentrations analysed in this paper
are responsible for the changes in macrofauna distribution on the Dogger Bank over the
past 30 years (Kréncke, 1988).

These investigations show that it is necessary to intensify relevant studies throughout
the North Sea to reach a better evaluation of the pathways of contaminants. The above-
mentioned results reflect a high cadmium input through the rivers Elbe and Humber and
additional lead input via the atmosphere. Calculations of North Sea current systems by
Hainbucher et al. (1986) indicate a wide transport of contaminants by the main currents
from the British coast towards the southern North Sea to the Danish coast.
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