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Abstract: The study concerns with the effect of catchment area use on lead and zinc accumulation in the

bottom deposits of lakes. It was carried out in two water bodies in the Olsztyn Lakeland. The catchment areas

of the investigated lakes are used for various purposes, ranging from forests to agricultural production. Lake

Ardung (N 53o45¢, E 20o55¢) is situated in the eastern part of the Masurian Lakeland, approximately 25 km

east of Olsztyn. The lake has an area of 26.2 ha and a maximum depth of 3.6 m. The lake’s catchment area of

1539 ha is covered by farmland in 2 %, grassland in 2 %, fallow land overgrown with shrubs in 11.4 % and

forests in 84.6 %. Lake Bukwald (N 53o58¢, E 20o16¢) is located in the vicinity of the village of Bukwald,

municipality of Dywity, around 20 km north of Olsztyn. The lake’s catchment area of 1156.8 ha comprises

arable land in 60 %, forests and afforested areas in 31 % and wasteland in the remaining part.

The studied water bodies were characterized by low concentrations of the analyzed elements. The average

lead and zinc levels reached 28.3 mg/kg d.m. and 32.3 mg/kg d.m., respectively in Lake Ardung, and

33.3 mg/kg d.m. and 91.9 mg/kg d.m., respectively in Lake Bukwald. The total zinc and lead accumulation in

the bottom deposits of the investigated water bodies, in terms of the surface area of the lakes and their

catchments, was significantly higher in Lake Bukwald than in Lake Ardung.
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Substance runoff from the catchment area into surface waters is determined by

various factors, in particular land relief, soil cohesion and fertility, the type of land use,

water relations and climate conditions, mostly the volume and distribution of precipita-
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tion [1]. Vast quantities of substances are also supplied by atmospheric precipitation

which contributes to the leaching of chemical components from the soil [2, 3].

Bottom deposits are a combination of crystalline and amorphous minerals with

a different grain size, a various content of organic matter and mineral or organic

colloidal substances [4, 5]. Bottom deposits are formed by the sedimentation of

allochtonic material created outside the sedimentation area as well as autochthonic

material formed in the place of sedimentation [6]. The bottom deposits of aquatic

ecosystems vary immensely from coarse-grained, nearly mineral deposits to fine-

-grained, mostly organic deposits in the deep strata of lakes. Deposits comprise mineral

substances (silica, silicate, aluminosilicate, carbonate) as well as organic substances of

various origin (catchment area, littoral and pelagial zones) and various degree of

decomposition. Deposits found at deeper strata are generally characterized by greater

thickness, fine-grained structure and a higher organic matter content [7].

The trace element content of bottom deposits is conditioned by numerous natural and

anthropogenic factors. It is largely determined by the geological structure of the

catchment area, its geomorphologic characteristics and climate conditions which are

responsible for rock weathering, the mobilization, migration and accumulation of

elements in the environment. In undeveloped areas, high concentrations of potentially

harmful trace elements in bottom deposits are attributed mainly to different types of

human activity in the catchment area, mostly agricultural production [8–10].

Materials and methods

In the study the effect of catchment area use on lead and zinc accumulation in the

bottom deposits of lakes was carried out in two water bodies in the Olsztyn Lakeland.

The catchment areas of the investigated lakes are used for various purposes, ranging

from forests to agricultural production.

Lake Ardung (N 53o45¢, E 20o55¢) is situated in the eastern part of the Masurian

Lakeland, approximately 25 km east of Olsztyn. The lake has an area of 26.2 ha and a

maximum depth of 3.6 m. The lake’s catchment area of 1539 ha is covered by farmland

in 2 %, grassland in 2 %, fallow land overgrown with shrubs in 11.4 % and forests in

84.6 %. Lake Ardung is located in the catchment area of the Lyna River in the

watershed of Lyna (tributary of the Prego³a River) and Omulew (tributary of the Narew

River in the Vistula Basin) river systems. This area is characterized by a large number

of small lakes, ponds and swamps. It is weakly populated, and the predominant types of

human activity include farming, forestry and tourism. The parent rock of catchment area

soils comprises sandy glaciofluvial deposits that fill the channel surrounded by more

cohesive clay formations [11]. The catchment area features mostly podzolic soils in

natural pine forests. Depression areas comprise mostly hydrogenic soils developed in

the course of several drainage schemes. The lake’s present catchment area was formed

during land improvement projects carried out in the mid 19th and the early 20th century.

As part of those schemes, the lake’s water horizon was lowered to expose shallow

waters. Today, Lake Ardung is a remnant of a multi-sectional lake with the original area

of around 250 ha surrounding the town of Nerwik. The lake was periodically separated
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to create 224 ha of farmland. The original lake basin which today forms Lake Ardung

spanned an area of 62 ha.

Lake Bukwald (N 53o58¢, E 20o16¢) is located in the vicinity of the village of

Bukwald, municipality of Dywity, around 20 km north of Olsztyn. Lake Bukwald is a

flow through water body fed by four streams in its north-western and the south-western

parts. Water is evacuated from the lake via a single watercourse in the village of

Bukwald. The lake has an area of 36.2 ha and a maximum depth of 12.4 m. It is

supplied from a hilly area marked by significant altitude variations – the difference

between the highest and the lowest point in the catchment area is 23.5 m. Lake

Bukwald’s catchment area of 1156.8 ha comprises arable land in 60 %, forests and

afforested areas in 31 % and wasteland in the remaining part. There is a predominance

of light to medium-heavy loams in the north, and light and heavy loamy sands turning

into light loams and slightly loamy sands in the south. Catchment area soils fall into

quality classes IVa and IVb and, locally, IIIa and IIIb.

Surface samples from the bottom deposits of the studied lakes were collected for

physical and chemical analyses in June 2008. Sampling sites were distributed along five

perpendicular transects, three sites per transect (Fig. 1). The location of sampling sites

was chosen based on barimetric charts to produce the most comprehensive overview of

the morphological and chemical properties of deposits, subject to the lake-bottom

topography, the shape of the lake basin, flow rate, tributaries, etc.

Deposit samples were collected using the Ekman grab (for collecting samples with a

surface area larger than 250 cm2). Three samples were collected from each site, and

they were averaged into one sample. The deposits and sedimentation water sampled

from each site were placed in air-tight glass containers. The physical properties of

samples were analyzed by the Troels-Smith method immediately after collection [12].

At the laboratory of the Department of Land Improvement and Environmental

Management at the University of Warmia and Mazury in Olsztyn, the following

physical and chemical parameters were determined in fresh deposit samples directly

after collection:

– solid residue – by the gravimetric method at 105 oC [g/kg d.m.],
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– ignition losses – as an indicator of organic substance content, calculated as the

difference between solid residue and residue after ignition [g/kg d.m.],

Pb and Zn levels were determined by atomic absorption spectroscopy (AAS) in

deposit samples at the laboratory of the Department of Technology in Environmental

Engineering and Protection at the Bialystok University of Technology.

Results and discussion

The bottom deposits of the analyzed water bodies were characterized by significant

morphological diversity. Deposits from Lake Ardung (Nig. 4) were marked by a much

greater degree of darkness than samples from Lake Bukwald (Nig. 2). Structural

layering was not determined in samples from both lakes (Strf. 0), and the analyzed

deposits were completely homogenous. Owing to continuous contact with water, the

surface layers of bottom deposits were strongly hydrated (Sicc. at level 2–3), and they

contained highly decomposed plant matter (Humo at level 3–4, H7–H10 on the von Post

scale of humification). The investigated deposits had homogenous, greasy structure.

Littoral zone samples contained fragments of hydrophyte roots with partially decompos-

ed plant matter and small quantities of mollusk shells, while profundal zone samples

were more homogenous (with an absence of plant remains or macrophyte roots). The

analyzed deposits had the characteristic features of sapropel formations [12].

Significant differences were observed in the water content of deposit samples. The

average dry matter content was 16.3 % in samples from Lake Ardung and 20.9 % in

deposits from Lake Bukwald (Table 1). More profound differences in the dry matter

content of deposits were found between sampling sites in Lake Ardung. The highest

moisture content of 88.7 % was observed in samples from the central part of transect

A3, and the lowest moisture content of 65.4 % was reported in transect A1, ie on the

side of the inflow to the lake near the river head-streams. In Lake Bukwald, the highest

water content of bottom deposits was determined in samples from the central part of

transect B2 (86.8 %), and the lowest – on the northern side of transect B4 (66.3 %).

Table 1

Physical and chemical properties of bottom deposits in lakes

Parameter Unit

Lake Ardung Lake Bukwald

mean

(min – max)

mean

(min – max)

Dry matter [%]
16.3

(11.3–34.6)

20.9

(13.2–33.7)

Organic content [% d.m.]
18.9

(14.9–26.0)

14.0

(8.1–19.9)

Pb [mg/kg d.m.]
28.3

(20.0–35.0)

33.3

(24.0–56.0)

Zn [mg/kg d.m.]
32.3

(19.7–68.8)

91.1

(45.9–112.9)
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The organic content of deposits is formed by remnants of aquatic organisms that fall

to the bottom of the lake, organic suspension, the precipitation and coagulation of

organic substances dissolved in water. The organic matter content of deposit surface

layers is determined mostly by the productive output of the trophogenic zone, the

quantity of allochtonic matter and sedimentation time [13–17].

The average organic matter content of sediment samples from the analyzed lakes was

14.0 % in Lake Bukwald and 18.9 % in Lake Ardung. The reported values are

characteristic of post-glacial lakes whose organic matter content ranges from 10 % to

70 % [16, 18]. The results of the study point to variations not only between the water

bodies, but also in the spatial distribution of organic matter in the examined lakes. In

Lake Ardung, the lowest organic matter concentrations (14.9 %) were noted in deposits

from the southern part of the water body on the side of the outflow in transect A5 and in

deposits from the side of the inflow to the lake (15.7 %), while the highest organic

content at 26 % was reported in the central part of transect A2 (deepest waters). Similar

results were noted in Lake Bukwald where the lowest organic matter concentrations

were found in samples collected on the side of the outflow (8.1 %) and near the inflow

(13.8 %), and the highest organic matter content was determined in deposits from the

profundal zone of the lake (19.9 %). Organic matter produced by the precipitation and

coagulation of organic substances dissolved in water has a capillary structure, and its

specific gravity is similar to the specific gravity of water [12, 14, 15]. The above

facilitates the lifting and the transport of substance particles, and it explains the limited

organic matter content of samples collected on the side of the outflows and inflows

because the deposits accumulating in those areas are depleted by moving water which

washes out lighter particles. Runoff and feeder sections of the lake are shallower and

more abundant in oxygen which contributes to the mineralization of deposits. The

highest organic matter content was noted in the deepest zones of the lake owing to the

gravitational force which pushes deposits deeper down the lake basin.

The studied deposits were characterized by an average lead content of 28.3 mg/kg

d.m. in Lake Ardung and 33.3 mg/kg d.m. in Lake Bukwald. The geochemical

background of lead in the bottom deposits of lakes in north-eastern Poland is 11 mg

Pb/kg d.m., and the lead content of unpolluted deposits should not exceed 20 mg/kg

d.m. [8]. In Lake Bukwald, the highest Pb levels were noted on the southern side of

transect B4 (56.0 mg Pb/kg d.m.), while the lowest lead concentrations were found in

deposits on the southern side of transect B1 (24.0 mg Pb/kg d.m.). In the mid-forest

Lake Ardung, Pb levels were lower, in the range of 20.0 mg/kg d.m. to 35.0 mg/kg d.m.

(Table 1).

The average zinc content of the analyzed deposits was low, ranging from 32.3 mg/kg

d.m. in Lake Ardung to 91.1 mg/kg d.m. in Lake Bukwald. The geochemical

background of zinc in soils usually does not exceed 50.0 mg/kg dm, while the average

values noted in lakes are generally under 100 mg/kg d.m. [19]. The average Zn content

of the investigated deposits approximated geochemical background levels. Zinc

concentrations in the bottom deposits from Lake Ardung were within the 19.7–68.8

mg/kg d.m. range. The Zn content of samples from Lake Bukwald, whose catchment

area is occupied by a housing estate and farmland, was determined at 45.9–112.9 mg/kg
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d.m. (Table 1). According to the system for classifying the purity of bottom deposits

proposed by Bojakowska and Sokolowska [20], the Zn and Pb concentrations noted in

this study meet first class purity standards.

Agricultural production in the catchment area of Lake Bukwald, including the use of

pesticides, contributes to high Pb values in deposit samples from the lake. Lead

concentrations were further increased by the long-term use of tetraethyl lead as an

antiknock agent in the fuel powering farming machines as well as atmospheric

deposition. According to Nicholson [21], atmospheric deposition is the main source of

lead in agricultural areas, and it accounts for as much as 77 % of its total supply.

A comparison of lead and zinc concentrations in deposit samples shows that they

were significantly lower in the littoral zones than in the profundal zones of the analyzed

lakes. The low Pb and Zn content of bottom deposits in littoral zones could be attributed

to bioaccumulation. Deposits in deeper parts of the lake are characterized by high

concentrations of organic substances and fine-grained mineral fractions that bind metals

[22].

The results of the analysis indicate that the highest concentrations of trace elements

in Lake Ardung were found on the side of the outflow and in the profundal zone of the

lake, while the lowest Pb and Zn levels were observed on the side of the inflow near the

river head-streams. In Lake Bukwald, lower lead and zinc levels were also noted in

deposit samples collected on the side of the inflow, while the highest Pb and Zn

concentrations were reported in transects on the side of the outflow.

An analysis of total lead and zinc load in the bottom deposits of the examined water

bodies points to significantly higher accumulation levels in Lake Bukwald at 1372.6 kg

Zn and 502.3 kg Pb. In Lake Ardung, zinc accumulation was 80 % lower (279.5 kg Zn)

and Pb accumulation was approximately 50 % lower (247.2 kg Pb) than in Lake

Bukwald (Table 2).

Table 2

Accumulation of trace elements in the 0–20 cm layer of bottom deposits in the studied lakes

Indicator

Lake

Ardung Bukwald

Pb Zn Pb Zn

kg/lake 247.2 279.5 502.3 1 372.6

kg /ha lake 9.43 10.7 13.88 37.9

kg/ha catchment area 0.14 0.16 0.43 1.2

An analysis of Zn and Pb accumulation in terms of the catchment area unit points to

higher deposition in Lake Bukwald at 1.19 kg Zn/ha and 0.43 kg Pg/ha. In the

mid-forest Lake Ardung, accumulation values reached 0.16 kg Zn/ha and 0.14 kg Pb/ha.

In terms of the surface area of the lakes, the bottom deposits of Lake Bukwald also

accumulated more Zn and Pb (13.88 kg Pb/ha, 37.9 kg Zn/ha) than the deposits of Lake

Ardung (9.43 kg Pb/ha, 10.7 kg Zn/ha) (Table 2).
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A comparison of lead accumulation values in the bottom deposits of the examined

lakes indicates that lead concentrations are largely determined by the type of catchment

area use. A higher level of trace elements accumulation was noted in the bottom

deposits of Lake Bukwald, whose catchment area is used for agricultural production,

than in the deposits of the mid-forest Lake Ardung.

Conclusions

1. Variations in the spatial distribution of lead and zinc were determined in the

bottom deposits of the investigated lakes. Higher levels of the analyzed trace elements

were noted in deposit samples collected from shallower lake sections on the side of the

outflow.

2. The level of Zn and Pb accumulation in the bottom deposits of the examined water

bodies was determined mostly by the type of catchment area use and the applied

fertilization rates. In the bottom deposits of Lake Bukwald, whose catchment area is

used for farming production and human settlement, the total accumulation of the

analyzed elements was much higher (1372.6 kg Zn and 502.3 kg Pb) than in the bottom

deposits of the mid-forest Lake Ardung (279.5 kg Zn and 247.2 kg Pb).

3. The total lead and zinc accumulation in bottom deposits in terms of the surface

area of the lakes was significantly higher in Lake Bukwald (1372.6 kg Zn and 502.3 kg

Pb) than in Lake Ardung (279.5 kg Zn and 247.2 kg Pb). The above differences resulted

mainly from the type of activity performed in the catchment areas of the investigated

water bodies.
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WP£YW U¯YTKOWANIA ZLEWNI NA AKUMULACJÊ O£OWIU I CYNKU
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Abstrakt: Do badañ maj¹cych na celu okreœlenie wp³ywu u¿ytkowania zlewni jezior na akumulacjê o³owiu
i cynku w ich osadach dennych wytypowano dwa zbiorniki po³o¿one na obszarze Pojezierza Olsztyñskiego.
Zlewnie badanych jezior obejmuj¹ obszary o zró¿nicowanym zagospodarowaniu – od obszarów leœnych po
u¿ytki rolne.

Jezioro Ardung (N 53o45¢, E 20o55¢) po³o¿one jest we wschodniej czêœci Pojezierza Mazurskiego ok.
25 km na wschód od Olsztyna. Powierzchnia jeziora wynosi 26,2 ha, natomiast jego maksymalna g³êbokoœæ
3,6 m. Na obszarze zlewni jeziora o powierzchni 1539 ha grunty orne stanowi¹ 2 %, ³¹ki i pastwiska 2 %,
od³ogi w znacznym stopniu zakrzewione 11,4 % i 84,6 % lasy. Jezioro Bukwa³d (N 53o58¢, E 20o16¢)
po³o¿one jest w okolicach wsi Bukwa³d w gminie Dywity oko³o 20 km na pó³noc od Olsztyna. Ca³kowita
zlewni jeziora Bukwa³d wynosi 1156,8 ha, z czego 60 % stanowi¹ grunty orne, 31 % to lasy i tereny
zalesione, pozosta³¹ czêœæ stanow¹ nieu¿ytki.

Badane osady charakteryzowa³y siê niskim stê¿eniem badanych pierwiastków i w jeziorze Ardung œrednie
stê¿enie Pb wynosi³o 28,3 mg Pb/kg s.m., natomiast Zn – 32,3 mg Zn/kg s.m., zaœ w jeziorze Bukwa³d by³o to
33,3 mg Pb/kg s.m. oraz 91,1 mg Zn/kg s.m. Tak¿e ca³kowita akumulacja cynku i o³owiu w osadach
badanych zbiorników zarówno w odniesieniu do powierzchni lustra wody, jak i zlewni by³a zdecydowanie
wiêksza w osadach jeziora Bukwa³d ni¿ œródleœnego jeziora Ardung.

S³owa kluczowe: jeziora, osady denne, zlewnia, pierwiastki œladowe, o³ów, cynk
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