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ABSTRACT. The total mercury content was determined in the muscle of northern pike, perch, and

roach caught in four lakes (£añskie, Pluszne, D³u¿ek, Maróz) in the Olsztyn Lake District (northeastern

Poland) from October 1999 to October 2000. The total mercury was analyzed with flameless cold vapor

atomic absorption spectrometry (CV AAS). The total mercury content in the muscle of pike ranged from

0.076 mg kg-1 (£añskie) to 0.902 mg kg-1 (Pluszne), in perch from 0.104 mg kg-1 (Pluszne) to 1.277 mg

kg-1 (D³u¿ek), and in roach from 0.074 mg kg-1 (Maróz) to 0.278 mg kg-1 (Maróz). In most cases, the

strongest positive correlation (p < 0.001) was found between the Hg concentration in the muscle tissue

of the fish and total body weight (0.825 < r < 0.967) or total body length (0.781 < r < 0.950). The

exception was the roach from Lake Maróz, where the correlation coefficients between mercury content

in the muscle of these fish and their body weight and total length were r = 0.794 and r = 0.788,

respectively (p < 0.01). Similarly, with pike from Lake Maróz it was found that the correlation

coefficient between the mercury concentration in the muscle of these fish and their total length was r =

0.781 (p < 0.01).

Key words: TOTAL MERCURY, FISH SIZE, NORTHERN PIKE (ESOX LUCIUS), EUROPEAN PERCH

(PERCA FLUVIATILIS), ROACH (RUTILUS RUTILUS)

INTRODUCTION

Regardless of its original source (natural or anthropogenic) or the form in which it

enters the aquatic environment, mercury (Hg) accumulates mainly in sediments. This

element occurs in fish mainly in the form of methylmercury (above 90%) because fish

feed on aquatic organisms that belong to the lower trophic levels that contain this com-

pound, which initially originates from bacteria which biomethylate inorganic mercury

(Holden 1973, Hudson et al. 1994, WHO-IPCS 2000).

As one of the last links in the aquatic environment chain, fish, which tend to accu-

mulate higher amounts of mercury, are regarded as good indicators of the mercury con-
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tamination of aquatic habitats (Protasowicki and Ociepa 1978, Perkowska and

Protasowicki 1999). Some authors demonstrated that predatory fish accumulated

more mercury than herbivorous fish or those that feed on plankton and benthos. These

authors observed that the degree of mercury accumulation is dependent on the length

of the food chain (Studnicka 1981, Sreboèan et al. 1993, Svobodová et al. 1999). Dis-

solved forms of mercury enter the body through the respiration epithelium of the gills

and the gill cavities as well as through the olfactory epithelium and skin. The bounded

forms of mercury and those absorbed by feed surfaces infiltrate through the alimentary

canal (Szulkowska-Wojaczek et al. 1998). Eichler (1989) reported that the half-time of

clearance is long-term, particularly in organisms with low metabolic rates. A larger,

older fish can accumulate greater amounts of metals, especially mercury, if it is inge-

sted continuously but hardly excreted (Jezierska and Witeska 2001). The same

authors found that the time of exposure is a primary factor having an effect on the

degree of accumulation of mercury in fish and its biomagnification in food chains.

The study conducted by Protasowicki and Ociepa (1978) found a positive correla-

tion between the age and body weight and length of Northern pike, Esox lucius L., and

the concentration of mercury in all the organs except the gonads. Berninger and Penna-

nen (1995) observed a positive correlation between age and size and the mercury con-

tent in the muscle of European perch, Perca fluviatilis L. The effect of the age and size

of the fish on the mercury concentration in the muscles and other organs was also

described by Verta (1990), Szulkowska-Wojaczek et al. (1998), Svobodová et al.

(1999), Falandysz et al. (2000), and Lindeström (2001).

The aim of the present study was to determine the degree to which the content of

mercury in the muscles of fish (pike, perch, roach, Rutilus rutilus (L.)) depends on fish

size (body weight and total length).

MATERIAL AND METHODS

Concentrations of total mercury were measured in three fish species – pike, perch,

and roach, from four lakes (£añskie, Pluszne, D³u¿ek, Maróz) in the northeast of

Poland (Fig. 1). The fish were killed and then the weight and fork length of each speci-

men was recorded. The number of fish, body weight, and total length are presented in

Table 1.
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TABLE 1

The range of biometric data and total mercury content in muscle tissue of fish

Species/ lake n Number of fishes
Body weight

(g)
Total length

(cm)
Mercury content

(mg kg-1 ww)

Pike

£añskie 14 14 155 - 2682 28.7 - 71.9 0.076 - 0.512

Pluszne 18 18 744 - 2012 48.0 - 63.5 0.146 - 0.367

D³u¿ek 14 14 791 - 5235 44.4 - 92.0 0.227 - 0.902

Maróz 13 13 191 - 1854 32.1 - 65.1 0.094 - 0.536

Perch

£añskie 18 48 36 - 584 14.6 - 33.6 0.126 - 0.370

Pluszne 18 42 40 - 766 15.9 - 36.1 0.104 - 0.530

D³u¿ek 19 64 22 - 862 12.6 - 368 0.156 - 1.277

Maróz 12 32 46 - 927 12.6 - 38.7 0.158 - 0.828

Roach

£añskie 12 48 42 - 342 15.8 - 29.0 0.087 - 0.201

Pluszne 12 38 36 - 532 15.5 - 33.4 0.100 - 0.198

D³u¿ek 12 49 26 - 540 14.1 - 35.0 0.068 - 0.146

Maróz 12 43 38 - 445 15.4 - 32.0 0.074 - 0.278

n – number of samples

THE INFLUENCE OF WEIGHT AND LENGTH ON THE MERCURY CONTENT... 53

Fig. 1. Sampling area.



Muscle was removed from the dorsal section of the fish and mixed, then stored

frozen in polypropylene bags at –25�C until analysis. In the case of small perch and

roach (body weight < 160 g), each sample was prepared from tissues taken from two to

nine specimens of approximately the same size in order to enhance the amount of

material for parallel analyses. Whereas in the case of large perch and roach, each sam-

ple was prepared from the tissue taken from one or two fish. In the case of pike, each

sample was prepared from the tissue taken from one fish.

The samples of muscle tissue were wet digested with a mixture of nitric and sulfuric acid

HNO3:H2SO4 (2:1) (v/v) at 100-110�C. Organic compounds were oxidized by the addition of

a 6% w/v solution of KMnO4. Excess KMnO4 was reduced with hydroxylammonium chlori-

de (20% w/v) until the sample was discolored. The samples were then treated with 2 cm3 of a

stannous chloride solution. The total mercury content was determined with the flameless

cold vapor atomic absorption spectrometry method (UNICAM 939 SOLAR) at 253.7 nm

(Hatch and Ott 1968). The reliability of the analytic methods was tested by measuring the

elements in reference material: CRM 422 – cod muscle tissue (lyophilized sample) with a

certified concentration of Hg (certified 0.559 ± 0.016 mg kg-1; obtained 0.560 ± 0.018 mg

kg-1 , n = 4) (Quevauviller et al. 1993). In order to find the relationship between mercury con-

centration in muscles of selected species and the size (body weight and total length), the cor-

relation coefficient and linear regression equation were calculated. The mercury

concentration in muscle of fish is expressed in mg kg-1 wet weight (ww).

RESULTS

The ranges of total mercury content in the muscle of fish studied at various sites are

presented in Table 1. The relationship between the concentration of mercury in the

muscles of pike, perch, and roach and fish size (body weight and length) is shown in

Fig. 2a–d, Fig. 3a-d, and Fig. 4a-d, respectively. The concentration of mercury in musc-

les was found to increase with increases in body weight and length, regardless of the

species or their habitat.

PIKE

For pike from lakes £añskie, Pluszne, and D³u¿ek (Fig. 2c and 2d), the correlation

coefficients between mercury concentration and specimen length (r = 0.948, r = 0.883,
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r = 0.896) at p < 0.001 were slightly higher than those between mercury concentration

and fish weight (r = 0.927, r = 0.824, r = 0.877) at p < 0.001 (Fig. 2a and 2b). The corre-

lation factor between the body weight (Fig. 2b) and length (Fig. 2d) of pike from Lake

Maróz was r = 0.825 at p < 0.001 and r = 0.781 at p < 0.01.

PERCH

Figures 3a-d show the correlation between body weight and length and the mercu-

ry concentration in perch muscles. Unlike the pike in this study, the correlation betwe-

en the body weight of perch and the total mercury level (Fig. 3a and 3b) was slightly

higher (r = 0.967, r = 0.963, r = 0.876, r = 0.967) at p < 0.001 than that between mer-

cury and body length, which was r = 0.933, r = 0.950, r = 0.781, and r = 0.916, respec-

tively, each time at p < 0.001 (Fig. 3c and 3d). A positive correlation indicates that, like

in the case of pike, the concentration of mercury increases with an increase in perch

body weight and length.

ROACH

The strongest positive correlation between total mercury content in muscles with

fish weight (p < 0.001) and length (p < 0.001) was observed in roach, except those from

Lake Maróz (Fig. 4a-d). The total mercury accumulation in roach from Lake Maróz

(Fig. 4b and 4d) grew linearly with weight and length (r = 0.794, p < 0.01; r = 0.788,

p < 0.01, respectively). The correlation coefficients between total mercury content and

fish body weight were r = 0.944, 0.833 (Fig. 4a), and 0.893 (Fig. 4b) or length at

r = 0.905, 0.865 (Fig. 4c), and 0.903 (Fig. 4d), respectively.

DISCUSSION

The investigations indicated that the total mercury level increases with weight and

length in the muscle of pike, perch, and roach. The very high correlation (r = 0.877)

between the concentration of mercury in the muscles of pike from Lake D³u¿ek and

body weight (Fig. 2b) was comparable to the linear correlation coefficient for pike from

Kru�berk Reservoir, which was reported by Rehulká (2001). A low correlation

(r = 0.20) between the mercury content in muscles and the body weight of pike was

described by Lindeström (2001) in the study of fish from Lake Vänern (Sweden).

However, the author found a correlation of r = 0.66 between the concentration of this
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element and fish age. Other authors reported that the mercury content of the muscle of

pike from Lake D¹bie increased with fish age, weight, and length (r = 0.38, p < 0.05)

(Protasowicki and Ociepa 1978). Verta (1990) detected much earlier a very high posi-

tive correlation between age and size on the one hand and the concentration of mercury

in the muscles of pike caught in 1983 and 1984 in the intensely fished Lake Hakojärvi

(r = 0.850, p < 0.001 and r = 0.890, p < 0.001) on the other. In the case of pike caught

in this lake in 1987, such a correlation was found only in relation to age (r = 0.700,

p < 0.001). The author found a positive correlation between the body weight of perch

(r = 0.429, p < 0.01) and the concentration of the element in the muscles of these fish

caught in 1987 and 1988.

In the current study, the correlation between body weight and length and the con-

centration of mercury in the muscle of perch (Fig. 3a-d) was much higher than in the

surveys reported by H�kanson (1984), Verta (1990), or Falandysz and Wyrzykowska

(1998). Berninger and Pennanen (1995) determined the concentration of mercury in

the muscles of perch from two acidified lakes – Iso-Tiilijärvi and Keski-Tiilijärvi (Fin-

land), and found a positive correlation between the concentration of mercury on the

one hand and body weight and length (r = 0.72, and r = 0.74, p � 0.001) and age of fish

(r = 0.83, p � 0.001) on the other. A similar relationship between body length and mer-

cury content in the muscle of perch from Lake D³u¿ek (r = 0.781) was found in perch

from Lake Yssel (Luten et al. 1987), while the same authors reported a correlation coef-

ficient of 0.481 and 0.457 (p < 0.01) in perch muscle from the Rhine and Lake Flues-

sen, respectively.

A positive correlation between the concentration of mercury in the muscles of

roach, bream, Abramis brama (L.), and perch, and the size (body weight and length)

and age of fish was observed by Svobodová et al. (1999) in a study which examined fish

from the Kamýk and Orlik reservoirs on the Veltava River (Czech Republic). In roach

from four sites on the rivers Brett and Chelmer (eastern England) there was a highly

significant correlation (p < 0.001) between length and mercury content in the tissues

(Barak and Mason 1990a). Whereas Verta (1990) did not find a correlation between

mercury concentration and roach body weight, length, or age from an intensively fished

lake in 1984, a positive correlation (p < 0.01) was noted in 1987-1988. Falandysz et al.

(2000) determined the level of mercury in muscles of roach from the Vistula Lagoon.

These authors did not detect a correlation between total body weight or length of roach
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and mercury content. In the case of bream, perch, and ruffe, Gymnocephalus cernuus

(L.), the same authors found a positive correlation between body weight and length and

the concentration of mercury in the muscles of these fish (p < 0.01).
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STRESZCZENIE

WP£YW MASY I D£UGOŒCI CIA£A NA ZAWARTOŒÆ RTÊCI W TKANCE

MIÊŒNIOWEJ RYB Z CZTERECH JEZIOR POJEZIERZA OLSZTYÑSKIEGO (POLSKA)

Zawartoœæ rtêci ca³kowitej oznaczono w tkance miêœniowej trzech gatunków ryb: szczupaka, Esox

lucius (L.), okonia, Perca fluviatilis L. i p³oci, Rutilus rutilus (L.) po³awianych od paŸdziernika 1999 roku do

paŸdziernika 2000 roku. Przebadano ³¹cznie 423 ryby pochodz¹ce z czterech jezior Pojezierza Olsztyñskie-

go (£añskie, Pluszne, D³u¿ek i Maróz). Stê¿enie rtêci ca³kowitej (tab. 1) w tkance miêœniowej szczupaków

waha³o siê w granicach od 0,076 mg kg-1 mokrej masy (m.m.) (£añskie) do 0,902 mg kg-1 m.m. (D³u¿ek),

okoni od 0,104 mg kg-1 m.m. (Pluszne) do 1,277 mg kg-1 m.m. (D³u¿ek) oraz p³oci od 0,074 mg kg-1 m.m.

(Maróz) do 0,278 mg kg-1 m.m. (Maróz). W wiêkszoœci przypadków stwierdzono wysoce dodatni

wspó³czynnik korelacji liniowej (p < 0,001) miêdzy koncentracj¹ rtêci ca³kowitej a mas¹ cia³a (0,825 < r <

0,967) i d³ugoœci¹ ca³kowit¹ ryb (0,781 < r < 0,950) (rys. 2-4). Wyj¹tek stanowi³y p³ocie z jeziora Maróz,

bowiem w przypadku tych ryb wspó³czynnik korelacji miêdzy zawartoœci¹ rtêci a mas¹ i d³ugoœci¹ cia³a

wynosi³ odpowiednio: r = 0,794 przy p < 0,01 (rys. 4b), r = 0,788 przy p < 0,01 (rys. 4d). Podobnie w przy-

padku szczupaków z jeziora Maróz wykazano, ¿e wspó³czynnik korelacji miêdzy d³ugoœci¹ cia³a a pozio-

mem rtêci w tkance miêœniowej ryb wynosi³ r = 0,781 przy p < 0,01 (rys. 2d).
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