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Abstract
Plankton, mussels and fish species caught in 1979 in the Polish economic zone of the Baltic
have been analyzed. The metals in plankton were determined by the flameless AAS technique
(Cd, Hg, Pb, Cu, Zn) and by NAA technique (Se, Cr, Ag, Sb, Cs, Co, Fe). In mussels and fish
they were determined by the ASS technique only.

Significant variations in the contents of metals between particular regions and species of the
organisms from the Southern Baltic have been observed. The data obtained were compared
with the concentration levels of metals observed in other marine regions. Metal bioaccumula-
ion coefficients are of the order from 10’ to 10* decreasing from phyto- and zooplanktori,

through zoobenthos to fish.

1. INTRODUCTION
tv * o . Fe * g
Trace metals are natural constituents of sea water occuring at very low concen-

trations of the order of micrograms or nanograms per litre. Some of them for
instance iron, copper, cobalt and zinc are required in small quantities for normal
functioning of the organisms. Many metals, including essential ones, can however
be hazardous due to their relatively low toxic concentration levels dependent mostly
on the chemical form of a metal on one hand, and low tolerance of marine organisms
on the other. The most hazardous metals include cadmium, mercury and lead.

The enhanced supply of metals to the marine environment due mostly to the
development of industry manifests itself distincly in the organisms, suspended matter
and bottom sediments, where this effect is potentiated by accumulation. Hence the
capability of the organisms to raise many times the metal levels in edible portions
of their flesh becomes at the same time hazardous to the human health and life
The intensity of bioaccumulation of metals is not directly related to their concentra-
tions in aquatic environment and to their level in food. Even with the same species
of plants or animals this intensity depends on a variety of physical and chemical
features of the environment the organisms live in [11],

During the past decade, an upsurge of interest in the metal content of the living
organisms and in the mechanism of their accumulation has also had methodological
grounds. From the analytical standpoint, the monitoring of the state of pollution of



the seas is still poorly precise and reliable as far as trace elements are concerned. The
process of natural accumulation of metals by organisms facilitates the monitoring
mand at the same time affords information about the quality of sea food. In spite of
numerous studies and programmes all over the world [20], we have not yet axrived
at a sound theoretical basis enabling to correlate fluctuations of metal concentra-
tions in organisms with their fluctuations in the environment. This can be explained
in therms of plurality of chemical forms of metals and complexity of the chemical
composition of the marine environment on one hand, and the plurality of marine
species and variety of their adoptional mechanisms, on the other [10].

A great interest in trace metals occuring in the sea is reflected in sample literature
on the subject. For mstence, in a review of 167 species of crustaceans, finfish and
molluscs in respect of trace metal levels in them, based on 224 papers published from
1896 - 1977, almost 50 per cent of them was published in the period 1960 - 1977
j[9]- The contribution of papers concerned with the Baltic organisms is unsatisfactory.
In a survey on trace metals in the Baltic Sea prepared in 1980 for the Helsinki Con-
vention [5], there are data on the levels of 5 elements only (Hg, Cd, Cu, Pb and Zn)
in 4 fish species and generally in mussels and sea weeds. It is expected that owing to
the compulsory monitoring of the pollution of the Baltic Sea, in force since 1979,
the number of data concerning the organisms will soon increase.

Organisms taken from the Southern Baltic were examined in the Department of
Marine Physics and Chemistry of the Institute of Meteorology and Water Manage-
ment in 1979. The investigations were the last stage of a more extended programme
mof the studies on the pollution of the Polish economic zone of the sea. Beside the
living organisms, the programme included 3-year study of the aquatic environment
X1977 - 1979) and a one year study on the suspensions and bottom sediments [6].

2. MATERIALS AND METHODS

The organisms were collected in May, August and October 1979 from the ia™*
“Hydromet” (Fig. 1).

Plankton was sampled by means of a WP2 plankton net with the mesh diameter
+0f200 (im and the inlet diameter of 58 cm, adapted for quantitative catch of zooplank-
ton. Plankton collected with this net constitued the main fraction of total plank-
ton with the respect of biomass and was free of microplankton. For analysis two
evertical hauls from the whole depth of a particular station were pooled and kept
in tightly closed glass jars at-20°C. .

The composition of the plankton according to species was determmed and the
count of the population and biomass of the organisms were evaluated. In the open-sea
area and the coastal zone copepodas prevailed including: Pseudocalanus elongatus,
Acartia longiremia, Acartia bifilosa and Temora longicornis, among Cladocera the
following species were most abundant: Bosmina coregonimaritima, Evadne normam,
Podom intermedius and Podoin polyphemoides. These species constituted jointly more
than 90 per cent of the plankton biomass. In samples taken in August in the coastal
zone there was increased contribution of the blue-green algae «Cyanophyta) in parti-



cular Nodularia spumicena, which constituted almost the sole species in the plankton
ofthe GulfofPomerania. In all samples other species of blue-green algae and diatoms
occured occasionally.

Fig. 1. Location of sampling stations for organism in the Baltic Sea.

Zoobenthos was collected by means of a bottom dredge. Two species of mussels,
Mytilus edulis and Macoma baltica, were collected for analyses. The animals were
rinsed with sea water, in which they resided in the sea, and then they were left for
12 hours in a fresh portion of sea water to allow them to clean off the sediments and
extraneous matter. After repeated washing they were transfered to polyethylene
bags and kept at —20°C.

The following fish species were caught for analyses: Gadus morrhua (cod), Clupea
harengus (herring), Sprattus sprattus (sprat) and Platichthys flesus (flounder). Parti-
cular individuals were packed tightly into polyethylene bags and were kept frozen
at —20°C.

The metal content in plankton was assayed by using two analytical methods:
AAS — the flameless atomic absorption spectrometry (Hg, Cd, Cu, Pb, Zn) and
NAA - the neutron activation analysis (Co, Cr, Cs, Se, Ag, Sh, Fe). The metal
content in mussels and fish (Hg, Cd, Cu, Pb, Zn) was determined by the flameless
AAS method only.

Before the AAS analysis, the thawed organisms were homogenized in a teflon
homogenizer. To the analysis were taken about 5 g of the plantkon homogenate,
3 - 59 of the homogenate from the soft tissue of mussels, and 2 - 4 g of the homo-
genate ol liver or muscle of fish cut off the dorsal portion. The samples were digested
with nitric acid (MERCK suprapur, free of mercury) in closed teflon vessels, ini-
tially for several hours at the room temperature, and then for 3 hours at 120 - 130°C
under a pressure of about 0.2 MPa (2 atm). With the plankton and mussels, 5 cm3
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of concentrated H N 03 was used, whilst with fish 10 cm3 ofa 1: 1acid. In separate
samples the water content was determined by drying at 105°C to constant weight.
After digestion, the contents were diluted with demineralized water to a volume of
25 cm3. Cadmium, copper, lead and zinc were assayed by electrothermal atomization
technique using Beckman 1272 AA spectrophotometer, equipped with a Massmann
cuvette and a deuterium lamp as background corrector. The volumes corresponding
to 5-20 nl of the digested samples, depending on the sensitivity of a particular
metal, were injected into the furnace in optimal conditions for the metal and matrix.
Mercury was determined in 5 cm3 subsamples by the cold vapour technique using a
double-beam Laboratory Data Control mercury monitor. All measurements were
run at least in duplicate. Parallel determinations of the metal in a bovine liver (NBS,
Washington, DC), serving as a biological standard, were run. Metals in blanks were
determined with each series of organisms and standards.

Plankton, in which metals were analyzed by neutron activation was filtered on
Nuclepore (0.4 |xm) membrane filters and dried at 60°C to constant weight. About
10 mg of subsamples were irradiated in quartz ampoules, together with the standards,
at a thermal neutron flux 1013 cm_2s-1 during 100 hours in nuclear reactor EWA.
After a 20-day cooling, the contents of the ampoules were transfered quantitatively
by means of the 1 : 1 nitric acid to the volumetric flasks. Gamma ray spectra of the
samples and standards were measured using a gammaspectrometer with a Ge-Li
detector (Ortec) of the effective volume of 55 cm3 and the resolution of 2.4 keV
(for 60Co 1332 keV line), and a Plurimat analyzer coupled with a Multi 8 minicom-
puter (Intertechnique). The time of measurements was 3000 and 500s for the samples
and standards respectively. The following photopeaks were used for quantization:

60Co 1173 and 1332 keV 124Sb 603 keV
51Cr 320 keV 75Se 246 keV
134Cs 796 keV 59Fe 1099 and 1292 keV

110"Ag 657 and 884 keV

The determinations were carried out in a duplicate or triplicate for each sample.

The AAS methods employed in this work were checked by participation in the
5th and 6th ICES intercalibration exercises concerned with biological material
[21, 22], A good agreement was obtained with mean results of interlaboratory experi-

ments, the coefficients of variation ranging between 4 and 15 per cent depending on
the metal and sample.

3. RESULTS OF INVESTIGATIONS AND DISCUSSION

Plankton collected in the Southern Baltic shows considerable regional differences
in respect of the levels of such metals as Cd, Hg, Pb and Cr (Table 1). Samples taken
in the coastal zone (off the shore to 20 - 30 m isobath), consisting mostly of Copepocla
with a relatively small constitution of Cladocera or blue-green algae, contained on
an average from 5-6 (Cd, Hg) through 3 (Cr, Pb) to 2 (Cu, Zn) - fold greater
amounts of these metals than similar in resepct of specific composition samples from
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the open sea. The highest concentrations of Hg, Pb, Cu, Zn, Co, Fe, Cr, Ag and Sb
were found in the plankton from the Gulf of Pomerania, consisting mainly from
Cyanophyta. Blue-green algae crops are characteristic of strongly polluted waters.
Hence, it seems reasonable that the observations reported here cannot be ascribed
to specific differences in the plankton only. This conclusion has been supported
by parallel investigations of the aquatic environment, which showed that the degree
of the pollution of the coastal zone is very variable in time and much dependent on
actual hydrological conditions. This was further confirmed by chemical composition
of plankton collected in the region of the Stupsk Furrow, which contained much
more Cd, Hg, Pb and Cu than that collected in the Bornholm Deep, very similar
taxonomically.

The results listed in Table 1 show some inconvenience of nondestructive neutron
activation analysis. The NAA determinations, run repeatedly with a filtered dry
plankton revealed considerable inhomogenity of certain samples. This was parti-
cularly evident in the case of Cr and Sb in zooplankton and Co, Cr and Sb in phyto-
plankton. This inconvenience may be largely avoided, when wet homogenized ma-
terial is taken for analysis.

Owing to the scarcity of data on trace metals in the Baltic plankton, the results
can be compared mainly with those of other sea regions (Table 2), e.g. the Pacific
along the western coast of the USA [13, 14], Atlantic along the eastern coast of the
USA [24], or the Antarctic sector of the Atlantic Ocean [18]. The comparison is
more reliable with zooplankton, for which analyses of eleven samples are avaiaible,
than with phytoplankton, for which only one sample taken from the Gulf of Po-
merania was analyzed. Bearing in mind specific differences in the plankton taken
from so diverse sea regions, good convergence of the mean metal levels has been
found, in particular those of mercury, zinc and iron. The Baltic plankton contained
slightly less cadmium, more silver and much more lead and copper than did the
plankton taken, for instance, in the Monterey Bay, California [14]. Recently high
lead and cadmium levels have also been found by Suplinska and Soszka [18] in
plankton collected in the Antarctic regions, which have commonly been considered
as slightly polluted. Azam et al. [1], who carried out biotests with bacterioplankton
revealed an interesting phenomenon of immunization against copper of organisms
living in medium with high mercury levels, in spite of the fact that copper was not
added to the cultures. Similar effect associated with enhanced accumulation of copper
is likely to occur in the Baltic plankton, particularly that from the coastal zone(

Table 3. Mean concentrations of trace metals in mussels from the Southern Baltic (ng-g'1 dry
weight)

Dry
Species Length of the orga-  ier Cd Hg Pb Cu z»
nisms [cm]
[%]
Mytilus edulis 3-5 14.1 110 0.042 049 156 63.6
Mytilus edulis 05-3 10.1 165 0.070 080 232 1331

Macoma baltica 03-1 16.5 059 0.036 094 58.6 3253
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exposed to enhanced input of mercury from the land. Briigmann [4], Bojanowski
(cit. after Briigmann) and Nuorteva et ah [16], who carried out their investigations
during 1971 - 75, reported high accumulation levels of trace metals in the Baltic
phytoplankton, too. Much lower concentrations, comparable with trace metal
content in oceanic plankton, contain the Baltic seaweeds [3, 5].

The metal levels in mussels seem also to be resultant of the specific bioaccumula-
tion capacities and regional differences of the metal concentrations. The values shown
in Table 3 are averages of several determinations in a big homogenized sample con-
sisting of several tens of specimens from a particular colony. They show that Macoma
bahica typical deposit feeder, accumulated particularly strongly copper and zinc
but less efficiently cadmium than Mytilus edulis, typical filter feeder. With the re-
maining metals (Hg, Pb) there are no distinct differences between the two species of
mussels in respect of accumulation. Mytilidae have commonly been considered as
proper pollution indicators of the seas. They are also very abundant, the fact that
facilitates regional comparisons to be done. Their capacity to accumulate metals is,
however, a very complex phenomenon, dependent on many environmental and
physiological factors, and increases, for instance, when the salinity of water de-
creases [11]. Mytilus edulis collected in the Gulf of Gdansk contained more of all
metals than the same species taken from the off-shore waters of the Slupsk Furrow.
At the same time mussels from the Gulf were much smaller than those from the
Slupsk Furrow.

All Baltic mussels have had comparable metal levels (Table 4). Certain regional
differences in the degree of the pollution of aquatic environment can be seen in the
maximum values, which can be even by one order of magnitude higher than the
minimum concentrations. However, some mussels have shown quite evident specific
ability to accumulate selected metals in their soft tissues, resulting probably from
their way of feeding. The accumulation of copper and zinc by Macoma baltica and of
cadmium by Modiolus modiolus seems to belong to such kind of abilities [5, 8, 15]. Myt-
ilus edulis trom the Baltic Sea contains higher cadmium levels than Mytilus edulis from
the Wh ite Sea and the Barents Sea, but the levels are markedly lower than those in
Mytilus galloprovincialis from the Black Sea, mussels from Oslofjord as well as
Mytilus edulis and Mytilus galloprovincialis from the Pacific Ocean along the coast of the
USA [7, 15, 20]. The copper and zinc levels in Mytilidae mussels from various sea
regions were very similar [9], In case of lead, the concentrations were significantly lower
in mussels from the Baltic Sea, the White Sea, the Barents Sea and some regions of
North Pacific than in the Atlantic Ocean along the USA coast, in the Black Sea or
Oslofjord. This seems to be important, because Mytilidae have proved to be good
bioindicators of lead pollution in the marine environment [20], No significant regio-
nal differences in the mercury levels in mussels were found in the Baltic Sea, with the
exception of local increase in Mytilus edulis from near-shore regions of the Gulf
of Gdansk, the Gulf of Finland, the Bothnian Bay and Swedish archipelagoes [5],

ft is difficult to relate directly the metal levels in fish muscles to those in
water in the site of catch, with the exception of flouder living on the bottom, which
had the highest cadmium levels among the studied fish species. Table 5 lists ave-



Table 5. Mean concentrations of trace metals in some species of fish (ng-g~‘ wet weight)
from the Southern Baltic (ranges are given in brackets)
. Lenght
Species [cm] Cd Hg Pb Cu Zn

Cod

(Cadus

morrhua) 25-44

— flesh S 0.053 0.008 0.060 13 7.0
(0.008 - 0.124) (6.004 - 0.013) (0.041 - 0.097) (0.6 - 2.3) (3.0-21.3)

— liver 0.068 0.007 0.049 3.0 6.9
(0.008 - 0.202) (0.004 - 0.013) (0.038 - 0.059) (0.6 - 5.1) (1.8 - 16.2)

Herring

(Clupea

harengus) 22 - 24 0.047 0.020 0.047 1.3 4.7

Flounder

(Platichthys

flesus) 24 - 25 0.14 0.004 0.06 0.9 1.6

Sprat

(Sprattus

sprattus) 10 - 12 0.026 0.007 0.12 25 4.0

rage values and the ranges of metal concentrations in flesh and liver of 5 cods as well as
the average values for the remaining fish species obtained by a repeated analysis of a
large, homogenized sample formed by pooling wet fragments of the muscles of a few
(5 - 6) specimens. This poor material does not allow any general conclusions to be
drawn. Taking, however, into consideration the results of fish analyses reported
by other authors [8, 5, 16, 17, 19], one can state that the metal levels in common
Baltic species, such as cod, herring and sprat fall at the time beeing well below the
permissible food standards. Cases of an oversteping those standards belong to the
exceptional ones. Slightly elevated levels of cadmium, mercury and lead can be
observed in flounder living in muddy bottom, rich in metals, but in this instance
there is also no obstacle for consumption as far as trace metals are concerned. In
comparison with fish caught during 1972 - 74 in clean off-shore regions of the North
Sea [12], the Baltic species contain, however, more cadmium, lead, copper and zinc
but less mercury (Table 6). Considering, in turn, the same fish species from different
seas [9], this conclusions holds true for cadmium and copper in cod as well as for
cadmium in flounder only.

The coefficients of bioaccumulation of metals in the Baltic organisms (Table 7),
calculated as a ratio of the metal concentration in dry mass oftissue to the con-
centration in aqueous solution, tend to decrease on going from phyto- and zooplank-
ton through zoobenthos to fish. As a rule, lower accumulation of metals has been ob-
served in oceanic plankton [23]. With cadmium, mussels living in the Southern Baltic
exhibit accumulation coefficients comparable with that of the plankton, with mercury
and copper the coefficients beeing by an order of magnitude lower, and with lead by
two orders of magnitude lower. The accumulation of zinc depends mainly on mussel
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species, with some influence of metal concentration in sea water. There is also quali-
tative likehood between the rank order of accumulation coefficients in zoobenthos
and fish and that in suspended matter and silts [6], as well as lower organisms, which
consitute the main foodstuff for mussels and fish (Fig. 2, Table 7). Further decrease
of metal accumulation in fish muscles as compared with that of soft tissue of mussels
is observed mostly with cadmium and zinc and to a lesser extend with lead and
copper. Contrary to expectation, the concentrations of trace metals in wet mass of
liver and flesh of cod were much similar (Table 5). Owing to the low water content,
coefficients of enrichment of cod liver with trace metals are 2- to 3-fold lower than
for cod flesh.

Suspended matter
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Fig. 2. Coefficients of enrichment (Ke) of trace metals in suspended matter, surficial bottom
sediments and selected organisms from different trophic levels in the Southern Baltic (mean
values).

The analogies and differences between accumulation of particular metals by orga-
nisms from various trophic levels in the Southern Baltic are shown in Fig. 3 together
with the behaviour of these metals in the sedimentological cycle [6]. These differences
are likely to be due to chemical properties of a metal and its concentration in the
environment. The analogies can be ascribed to trophic interrelationships and different
demand for a given trace element. In this figure a tendency can also be observed to
redistribution of a particular metal in the marine environment, either by bioaccumu-
lation and persistence at still higher trophic levels (Cu, Zn) or by sedimentation of
suspended matter and deposition in the bottom sediments. As compared with lead,
remarkable is extremely different behaviour of mercury and its facility to return to
the aquatic environment from both the suspended matter and the organisms. In
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view of the growing evidence of genotoxic effects of cadmium remarkable is a consi-
derable percentage of the metal penetrating to high trophic levels.

The results obtained in this study suggest that plankton and molluscs can be
used for monitoring the pollution levels of seas with metals, at least for inter-regional
comparisons. This calls, however, for extended fundamental research on the bio-
accumulation process in the sea, involving not only individual animal or plant
species and their various development stages, but also the influence of ecological
conditions.
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