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Abstract
The muscle tissue samples of smelt (Osmerus epelanus), herring (Clupea harengus), sabrefish (Pelecus
cultratus), roach (Rutilus rutilus), bream {Abramis brama), ruff (Acerina cernua), perch (Perca fluviatilis),
pikeperch (Stizostedion lucioperca), flounder (Platichthys flesus), brown trout (Salmo Irutta) and burbot
(Lota lota) collected in the Firth of Vistula, the Lower Vistula River at the Btotnik site and the Gulf of
Gdansk in May and June 1997 have been analyzed for total mercury content. The method of mercury
measurement was flameless cold-vapour atomic absorption spectroscopy (CV-AAS) after wet digestion of
the samples with concentrated nitric acid in a whole glass system. The study indicated around twice higher
concentrations of Hg in fish collected from the Lower Vistula River than from the Firth of Vistula. Total
mercury concentrations for a relatively large number of the specimens (between 12 and 41) of bream, perch,
ruff, herring, flounder and pikeperch caught in the Firth of Vistula correlated (0.05 < p < 0.01) with total
body length and body weight (age) of fish. Any of the fish species examined contained mercury at concentrations exceeding 300 ng/g wet weight. Nevertheless, smelt, herring, sabrefish and ruff were the only mature
specimens, while other fish examined were rather of small body size. An ongoing study on mercury in the
ecosystem of the Lower Vistula River will further focus on a larger number of fish species, specimens and
including individuals large in body size.
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Introduction
Both the Lower Vistula River and the Firth of Vistula
(Zalew Wislany) are located in a flat and mainly farmland area of Poland (Fig. 1). The Vistula (Wisla) River is
the longest river in Poland (total length 1068 km), and
due to the size of the watershed area (193,910 km2) and
volume of water runoff (954 m3/s), it is an important
source of nutrients, and somewhat less so of persistent
and toxic chemicals transported to the Gulf of Gdansk
and the Gdansk Basin in the Baltic Sea. The nutrients
(e.g. phosphor and nitrogen) transported via the Vistula
River to the Baltic Sea are mainly consumed in

a coastal zone of the Gulf of Gdansk nearby to the outlet
of that river [1]. Mercury and probably also other persistent pollutants that are readily adsorbed onto a fine suspended matter, apart from the sedimentation in a coastal
mixing zone in part are also successively transported east
and northeast of the river outlet, towards to the Depth of
Gdansk. The Depth of Gdansk is a site of natural
sedimentation of organic matter in the Gdansk Basin.
The total area of the Firth of Vistula is 838 km2 and 328
km2 belongs to Poland. Depth is 2.6 m, on the average
(up to 5.1 m maximum). The hydrographic situation in
the Firth of Vistula till 1915 was mainly under direct
impact of the Nogat River, which was a main arm of the
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Vistula River (Fig. 1). In 1916 a canal lock was established to separate both rivers at the site of Matowski
Cypel, and the inflow of water of the Vistula River become regulated - in practice there is no inflow. From
1916 the basin of the Firth of Vistula is in part a mixing
area of the salt water - coming throughout the Pilawska
Strait, and fresh water due to inflow through small rivers,
streams and drainage canals.
Mercury is a highly toxic element and in recent decades a main source of environmental pollution mainly
because of anthropogenic emissions due to the use of
hard coal, brown coal and other fossil fuels, and also due
to uncontrolled waste combustion [2-5]. In some areas of
the world continuous use of mercury to amalgamate particulate gold as well as in chlor-alkali plants still cause
extensive environmental pollution by that element [6-7].
In Poland hard coal and brown coal are also considered
to be an important source of emissions of mercury to the
atmosphere [8]. Nevertheless, emission and deposition
rates, budget or quantitative assessment of environmental
contamination by mercury and including various sources
and a whole area of the country are lacking in detail. In
the past (1954 ~ 1980) in Poland five organomercury
compounds were used for dressing of seed but due to
relatively low application rates (~ lg of Hg per hectare in
1956-1970, and ~ 1.7g in 1969-1970) and degradability
did not have much impact on the environment [9]. Industrial use of imported mercury quotas (183-209 tonnes
yearly) in Poland was between ~ 10 and ~ 30 times higher
in 1970-1975 than of agrotechnical use (6-30 tonnes
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yearly), while the chlorine-alkali industry seemed to be
a major recipient [9, 10]. There is no data available in
detail on amounts and use of mercury imported to Poland after 1975.
This study reports the results of total mercury analysis
conducted on muscle tissue of several species of fish
caught in the Firth of Vistula, the Lower Vistula River
and the Gulf of Gdansk in 1997.

Materials and Methods
The specimens of smelt Osmerus eperlanus, herring
Clupea harengus, sabrefish Pelecus cultratus, roach
Rutilus rutilus, bream Abramis brama, ruff Acerina cernua, perch Perca flavescens, pikeperch Stizostedion
lucioperca, flounder Platychthis flesus, brown trout Salmo
trutta and burbot Lota lota were caught using a gill net or
bottom sack in the Firth of Vistula and in the Gulf of
Gdansk at the Piaski site in May 24, 1997, and in the
Lower Vistula River at the Blotnik site in June 21, 1997,
respectively (Fig. 1, Table 1).
Muscle tissue samples were taken from the dorsal part
of the fish body. For the determination of mercury
samples (~ 1 g) were wet-digested with concentrated
nitric acid (65% Suprapur®, Merck) in a whole glass apparatus and final determination was made using flameless cold-vapour atomic absorption spectroscopy
(CV-AAS) using stannous chloride (97%, p.a., Merck)
and with the aid of a fully automated 3200 Mercury

Table 1. Biometric data and total mercury concentration (mean, SD and range) in muscle tissue of fish from the Firth of Vistula, the
Lower Vistula River and the Gulf of Gdansk.
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within-run reproducibility control [11, 14]. Analytical
blanks did not indicate the presence of mercury concentrations interfering (< 5%) with the smallest concentrations found in real samples.

Results and Discussion

Fig. 1, Study area and fish collection sites (•).

monitor Thermo Separation Products, USA [11-13]. The
analytical method used was validated on several occasions by analyzing certified biological reference materials, by participation in intercalibration trials and the

The results of mercury analysis in fresh muscle tissue
for fish examined are summarized in Table 1. In every
fish sample mercury concentration did not exceeded
a value of 300 ng/g wet weight. Smelt, herring, sabrefish
and ruff collected from the Firth of Vistula were mature
specimens, and in the case of the other fish species and
sites only small-sized individuals were examined. In the
case of the specimens collected from the Firth of Vistula
a predatory pikeperch and perch showed highest contamination with mercury; nevertheless, only small individuals were available for analysis. There was a positive

Table 2. Comparision of total mercury concentrations (mean and range) in muscle tissue of fresh water fish species from some regions of the
world.
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relationship between total body length and weight and
mercury concentration in muscle tissue for perch, bream
and ruff (p < 0.01) as well as for herring, flounder and
pikperch (p < 0.05) but no such correlation was found for
sabrefish, smelt and roach caught in the Firth of Vistula.
The number of fish species and specimens collected from
the Vistula River was insufficient for a regression analysis. Small roach, bream and perch collected from the
Lower Vistula River at the Blotnik site were twice more
contaminated with mercury than the same species originating from the Firth of Vistula (Table 1).
The perch a in this study (both caught in the Firth of
Vistula and the Lower Vistula River) were much higher
contaminated with mercury than specimens collected in
the western part of the Gulf of Gdansk in 1986-89, which
contained in muscle tissue 75 ± 78 ng Hg/g wet weight
(total range from 5 to 410 ng/g wet weight; n = 49; body
weight between 35 and 685 g) [15]. Apart from perch,
also herring and smelt from the Firth of Vistula in this
study showed much higher mercury contamination than
the specimens caught in the Gulf of Gdansk in 1988-90,
i.e. 22 ± 15 ng Hg/g wet weight (total range from 5 to 64
ng/g wet weight; n = 109) and 12 ± 4 ng Hg/g (total range
from 8 to 18 ng/g wet weight; n = 5), respectively [15].
There are no known natural deposits of mercury or
mercury rich ores in the drainage area of the Vistula
River and the Firth of Vistula. The western part of the
Firth of Vistula is a water body remote from any known
main sources of anthropogenic pollution with mercury.
Soils of different types at the area of the Mierzeja
Wislana sand-bar which separates the Firth of Vistula
from the Gulf of Gdansk, are characterized by relatively
small concentrations of mercury in the uppermost (0-10
cm layer) horizon [14]. Total Hg, methyl Hg and Hg (II)
content of surface sediments collected from the upper
edge of the Lower Vistula River at the site of the dam in
the town Wfoclawek in 1994 was relatively low, i.e. 2.3,
0.042 and 0.32 ng/g dry weight, respectively, which is
much lower than indicated for surface sediments from
various sites in the Gulf of Gdansk (total Hg from 37 to
880 ng/g) [16].
In the case of the Vistula River a main source of anthropogenic mercury pollution still seems to be related in
large part to untreated municipal sewage and industrial
effluent, and storm water input from many towns and
sites in the catchment area of the Vistula River in Poland. The contribution from the chlor-alkali industry has
declined over the past decade due to a shut-down of
some plants located along the bank of the Vistula River;
however, there are no studies on this industry in Poland.
The Vistula River seems to be an important source of
mercury pollution in the Gulf of Gdansk. Site-specific
differences in spatial distribution of mercury concentrations were observed in flounder caught in the Gulf of
Gdansk in 1992-1996. The flounder collected at the sites
nearby and east to the outlet of the Vistula River were
among the specimens most contaminated with mercury
[17]. The significantly elevated concentrations of mercury
in muscle tissue of flounder at the sites offshore and east
of the Vistula River outlet in the Gulf of Gdansk (Fig. 1)
are thought to be due to sewage contamination of the
river. Nevertheless, the number of data on mercury in the
Vistula River ecosystem is very limited [18-21]. There are

only a few recent records on mercury in some fish species
caught in the middle course of the Vistula River in the
1990s, while no data are available for fish from the Firth
of Vistula and obtained using a technique of cold-vapour
atomic absorption spectroscopy for measurement.
Table 2 reviews available data on contamination with
total mercury of fish from the various areas of Poland
and some data from foreign countries.
Results of the survey of total mercury concentration
in fish from both freshwater andmarine regions of Poland
suggest that the concentration of mercury determined in
fish from the Lower Vistula River can be slightly elevated
(Table 2). Fish large in body size are usually characterised by higher mercury concentrations in their flesh when
compared to fish of the same species but small in body
size [15, 17, 22]. Since all the fish specimens from the
Lower Vistula River investigated in this survey (Table 1)
can be considered as rather of small body size it can be
possible to relate mercury concentration directly to the
values presented for large sized roach, bream and perch
caught in the middle course of Vistula River ( ~ 400 km
up of the river outlet) as presented by other authors
(Table 2).
Ongoing study on sources, concentrations, distribution and fate of mercury in the ecosystem of the Lower
Vistula River will further focus on a larger number of fish
species and specimens, including individuals relatively
large in body size.
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