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Abstract: The aim of this study was to assess the mercury concentration in bottom sediments, collected from 
eight reservoirs located in south-eastern Poland. A  DMA-80 Mercury Analyser was used for the analysis of 
the concentration of mercury in bottom sediments. Concentration of mercury in sediments was between 
0.01–0.18 mg∙kg−1. The research results show that 13 samples are above the Polish Hg background level. Only 
9 samples are below the background level. Generally, the sediments belonged to class I and II (unpolluted and 
moderately polluted sediments). The concentration of mercury in bottom sediments follows the order: Ryb-
nik (highest) > Bagna Rzeszowskie > Rzeszów > Ożanna > Brzóza Stadnicka > Brzóza Królewska > Głuchów > 
Narożniki (lowest). The low mercury content in sediments is related to absent or limited anthropogenic sources 
of this metal. Elevated concentrations of Hg in bottom sediments of the reservoirs in Rybnik and Bagna Rzeszow-
skie are related to their proximity to large agglomerations and industrial plants. Organic matter was likely to be 
the most important factors controlling the concentration and distribution of mercury in the studied sediments.
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INTRODUCTION 

Sediments accumulating at the bottom of water-
courses and reservoirs have various compositions 
which depend on the composition of source rocks 
in river basins, the geomorphology of the area, cli-
matic conditions and, also, on the management, 
of the use of the river basin area and pollutants 
reaching the waters (Bojakowska et al. 2006). Bot-
tom sediments are living and feeding grounds for 
many organisms. Polluted sediments result in poi-
soning and diseases of aquatic species, thus affect-
ing people and animals at higher food-chain levels 
(Tarnawski et al. 2013). The mercury occurring in 
the environment is in two different forms: volatile 

(Hg, (CH3)2Hg), easily water soluble (Hg2+, HgCl2, 
Hg(NO3)2) and hardly soluble organic complexes 
(CH3Hg+, CH3HgS) (Boszke et al. 2002). Depend-
ing on environmental conditions, mercury bound 
in bottom sediments can easily be remobilized. 
Distribution of mercury compounds depends 
mainly on redox conditions (Kabata-Pendias 
& Pendias 1999). Moreover, both biotic and abiotic 
processes, responsible for the reduction and meth-
ylation of mercury, can affect its mobilization (Ca-
pri & Lindberg 1997). The quality of sediments is an 
essential indicator of water pollution with this ele-
ment. The content of mercury in bottom sediments 
is highly variable (Hintelman & Wilken 1995). 
Natural mercury content in sediments of Polish 
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reservoirs does not exceed 0.05 mg∙kg−1 d.m. (Ka-
bata-Pendias & Pendias 1999). In studies under-
taken by Lis & Pasieczna (1995) found that the 
content of mercury in bottom sediment ranged 
from <0.05 to 11.0 mg∙kg–1 d.m. For example, the 
bottom sediments of the Elbe River (Germany) 
were highly polluted with mercury, where the 
total content reached 12 mg·kg−1 d.m. Moreover, 
the mercury concentrations reported for the ex-
tremely polluted Minamata Bay (Japan) were up to 
0.91 mg·kg−1 d.m. (Boszke et al. 2003). Higher con-
centrations of mercury in the coastal zones and riv-
er estuaries are a result of the transportation of this 
element with river waters polluted, with mercury 
bound to the suspension phase (Boszke et al. 2003).

The aim of this study was to assess mercury 
concentrations in bottom sediments collected 
from eight reservoirs located in south-eastern Po-
land. Moreover, a  relationship between the con-
centration of mercury and the physicochemical 
parameters of sediments was studied.

GEOGRAPHIC SETTING 

Samples of bottom sediments were taken from 
eight reservoirs located in south-eastern Poland 
(Fig. 1). The Rybnik Reservoir is the largest of 
the examined objects and the only one located in 
Silesia. It was built in 1972 at the confluence of 
the Ruda and Nacyna rivers, in order to provide 
process water for the Rybnik Power Plant. The res-
ervoir is also used for flood protection and recre-
ation. The total area of the reservoir is 555 ha and 
its capacity is 24 million m3. The waters of Nacyna, 
under normal conditions, due to their heavy con-
tamination, are pumped below the Rybnik Reser-
voir. The remaining examined reservoirs are locat-
ed in the Subcarpathian Voivodeship. The Rzeszów 
reservoir on the Wisłok River with the capacity of 
1.8 million m3 and the area of 68.2 ha, was built in 
1973. Its main task is to enable water intake for the 
Rzeszów city water supply system, to protect from 
floods and to provide sport and leisure activities. 

Fig. 1. Location of reservoirs: 1 – Rybnik, 2 – Rzeszów, 3 – Bagna Rzeszowskie, 4 – Głuchów, 5 – Narożniki, 6 – Brzóza Królew-
ska, 7 – Brzóza Stadnicka, 8 – Ożanna
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Measurements conducted after 14 years of the res-
ervoir operation revealed its diminished capacity 
by c.a. 66% and loss of the impoundment area by 
18.5 ha, constituting permanently or periodical-
ly overgrown islands and shallows. The reservoir 
was unsuccessfully deepened and modernized in 
the eighties and nineties. The Bagna Rzeszowskie 
Reservoir on the Czarna River is a small reservoir, 
located north of Rzeszów. This reservoir, which 
was built in the 1970s, with the capacity of c.a. 
48 thousand m3 and the area of about 1.5 ha, has 
not been subject to renovation so far. The Głuchów 
Reservoir near the town of Łańcut, with the capac-
ity of 22.6 thousand m3 and the area of 1.50 ha, was 
built on the Graniczny Stream. This reservoir was 
established in 1995 and was intended to be a place 
for rest and recreation. The reservoir in Narożniki 
is situated on the Dęba Stream and was put into 
operation in 2001. The capacity of this reservoir is 
283.8 thousand m3 and the area is 24 ha. The main 
purposes of the reservoir comprise water retention, 
balancing of flows to regulate water relationships, 
reduction of flood waves and recreational facilities. 
At the turn of 2011–2012, the reservoir was par-
tially dredged. The reservoir in Brzóza Królewska 
is located in the valley of the Tarlak River. The res-
ervoir was established in 1978, with the purpose of 
providing recreational facilities. The reservoir has 
the capacity of 48.8 thousand m3 and an area of 
6.13 ha. At the same river (Tarlak), 4 km upstream, 
there is the Brzóza Stadnicka Reservoir. This res-
ervoir is located in the area of swampy agricultural 
wasteland. It was put into operation in 1995 and 
has the capacity of only 7  thousand m3 and the 
area of 1.15 ha.

MATERIALS AND METHODS

Sampling of bottom sediment 
The samples were collected using an Ekman sam-
pler from three set locations: inlet (backwater), 
middle and outlet (near the dam) zones. 5–6 
samples were taken from each zone and mixed 
in order to average the properties of sediments 
in samples representative of a  given zone. The 
sediments were collected from the 0–15 cm lay-
er. All sediment samples (24 samples, 20–25 cm3 
material per sample) were refrigerated until 
analyzed.

PHYSICAL 
AND CHEMICAL ANALYSIS 

After drying, size distribution of the samples was 
determined in accordance with standard EN ISO 
14688-1:2002 E. The sediment samples were ana-
lyzed for: pH and organic matter concentration. 
The pH value was measured at a 1:2.5 sediment: 
liquid ratio with 1 mol KCl·dm−3 by potentiomet-
ric method. The analysis also involved measuring 
the liquid ratio with 1 mol KCl·dm−3 by the poten-
tiometric method. Organic matter concentration 
was determined by the loss-on-ignition for 8 h at 
550°C (Baran & Tarnawski 2013). After drying 
and crushing of the material, the total concen-
tration of mercury in the sediment samples was 
determined. A  DMA-80 Mercury Analyser was 
used for the analysis. The DMA-80 combines 
the techniques of thermal decomposition, cata-
lytic conversion, amalgamation, and atomic ab-
sorption spectrophotometry. In first place, the 
sample was dry and thermally decomposed and 
introduced into a quartz tube. All mercuric com-
pounds were reduced to their elemental Hg and 
then carried along to a gold amalgamator, where 
the mercury was selectively trapped. The system 
was purged and the amalgamator was subsequent-
ly heated, which released all mercury vapours to 
a  single beam and to a  fixed wavelength atomic 
absorption spectrophotometer. Here, the absorb-
ance measured at 253.7 nm was proportional to 
the mercury content in the sample (http://www.
milestonesci.com). The results were verified sta-
tistically using the Statistica 10 software package. 
Accuracy of the analyses was tested using refer-
ence material CRM16-050. Sediment samples were 
analyzed in three replicates for which the relative 
standard deviations (%RSDs) were less than 10% 
for all metals. The analytical results of the quality 
control samples were in good agreement with the 
certified values, recoveries ranging from 95–100%.

Geochemical analysis
Geochemical parameters were used in the assess-
ment of the pollution of sediments with mercury. 
The following indicators were used in the paper: 
guidelines of the Polish National Geological In-
stitute (PIG) (Bojakowska & Sokołowska 1998), 
geoaccumulation index (Igeo) (Müller 1981) and 



172

https://journals.agh.edu.pl/geol

Koniarz T., Tarnawski M., Baran A., Florencka N.

contamination factor (Cf) (Håkanson 1980). Geo-
chemical background (equal 0.05 mg∙kg−1) was ad-
opted for calculations for bottom sediments (Lis 
& Pasieczna 1995).

RESULTS AND DISCUSSION

The main physico-chemical properties of the bot-
tom sediments are presented in Table 1. The sedi-
ments showed an acid reaction (Brzóza Stadnicka, 
Ożanna), slight acid (Rybnik, Bagna Rzeszowskie, 
Brzóza Królewska), neutral (Rzeszów, Narozniki), 
and alkaline (Głuchów). The concentration of or-
ganic matter in the bottom sediments was between 
4.8 g∙kg−1 d.m. (Narożniki) to 247.3 g∙kg−1 d.m. 
(Rybnik). Sediments showed a  high diversity of 
grain size fraction distribution (Tab. 1). Based on 
grain size fraction, bottom material from the Ryb-
nik reservoir contains form 34% to 54% of sand, 
from 22% to 43% of silt and from 23% to 25% of 
clay. The clay fraction (48–57%) dominated in the 
bottom sediments, collected form the Rzeszów 
reservoir. Generally, in the bottom sediments, col-
lected from the Bagna Rzeszowskie and Głuchów 
reservoirs, silt fraction dominated. According to 
the location of the reservoirs, Narożniki, Brzóza 
Królewska and Brzóza Stadnicka and Ożanna, 
the grain size characteristics of bottom sediments 
were similar. 

The dominant grain size fraction in these sed-
imentations was sand. 

Table 2 presents concentration of mercury in 
sediments. The examined sediments varied sig-
nificantly both within the individual sections of 

a given reservoir and between the reservoirs. The 
concentrations of mercury in the examined sed-
iment were highly diversified. The concentration 
distribution of the mercury in sediments increased 
with decreasing distance from the dam. The mer-
cury concentrations in sediments by the dams 
of the Bagna Rzeszowskie, Głuchów, Narożniki, 
Brzóza Królewska and Brzóza Stadnicka reservoirs 
were up to 9 times higher that the concentrations 
of this metal in the sediments collected at reser-
voir inlets. In the bottom sediments form Rybnik, 
Ożanna and Rzeszów reservoirs, the maximum 
concentrations of mercury were found in the sedi-
ments collected from the middle of the reservoirs. 
The sediments of the reservoirs at Brzóza Królews-
ka and Brzóza Stadnicka were characterized by 
very similar average concentration of mercury, 
amounting to 0.041 and 0.048 mg∙kg−1, respective-
ly. This situation was probably caused by the fact 
that these reservoirs are located in the same riv-
er basin. Brzóza Stadnicka, enclosed in the basin 
of Brzóza Królewska, acts as an initial reservoir, 
capturing a portion of pollutants flowing in the 
Tarlak River. The highest mercury concentration 
was recorded in the bottom sediments of the reser-
voirs: Rybnik (0.181 mg∙kg−1) and Bagna Rzeszows-
kie (0.158 mg∙kg−1). The probable reason for such 
high levels of this metal is the proximity of the res-
ervoirs to urbanized areas. The obtained results 
do not differ from other authors’ research, which 
showed that the mercury concentration in bottom 
sediments of retention reservoirs in Poland is on 
average between 0.07–0.18 mg∙kg−1 (Bojakowska et 
al. 2006).

Table 1
Main physicochemical parameters of the sediment 

Bottom sediments
Grain size fraction [%]

pH Organic matter
[g∙kg−1 d.m.]sand silt clay

Rybnik 34–54 22–43 23–25 6.3 247.3

Rzeszów 7–9 35–45 48–57 7.1 23.5

Bagna Rzeszowskie 22–27 34–56 20–30 6.5 38.8

Głuchów 17–20 43–52 28–41 7.3 13.1

Narożnik 26–86 1–46 5–28 7.0 4.8

Brzóza Królewska 43–90 6–24 4–33 5.6 24.8

Brzóza Stadnicka 49–90 5–27 5–24 5.3 27.7

Ożanna 47–82 8–23 10–30 5.3 31.3
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Many research studies have shown that the 
concentration of organic matter is the measure-
ment of the capacity of bottom sediments to ac-
cumulate metals (Baran et al. 2011, Baran & Tar-
nawski 2013). A  positive significant correlation 
between the concentration of organic matter and 
the mercury concentration (r = 0.80, p < 0.05) con-
firms the considerable share of organic matter in 
the binding of mercury. The positive relationships 
of mercury with the organic matter concentration 
of the sediment might be attributed to anthropo-
genic impacts (Farkas et al. 2007). Other important 
factors affecting metal concentration in sediment 
include the content of clay fraction (Farkas et al. 
2007). The concentration of Hg was insignificantly 
correlated with sand (negatively, r = −0.40) silt and 
clay (positively, r = 0.45, r = 0.30, p < 0.05). To sum 
up, the correlation analysis found that organic mat-
ter, sand and silt affected the concentration and the 
spatial distribution of mercury in sediments. 

The geochemical indicators were shown in 
Table 3. According to Müller (1969), the Igeo for 
each metal is calculated and classified as: uncon-
taminated (Igeo ≤ 0) – class 0; uncontaminated to 
moderately contaminated (0 < Igeo ≤ 1) – class 1; 
moderately contaminated (1 < Igeo ≤ 2) – class 2; 
moderately to heavily contaminated (1 < Igeo ≤ 2) – 
class 3; heavily contaminated (3 < Igeo ≤ 4) – 
class 4; heavily to extremely contaminated 
(4 < Igeo ≤ 5) – class 5; extremely contaminated 
(5 < Igeo ≤ 6) – class 6. The calculated indices of 
mercury geoaccumulation in bottom sediments 

of the examined reservoirs made it possible to 
categorize the reservoirs between class 0 (prac-
tically uncontaminated) and class 1 (slightly to 
moderately contaminated). The highest values of 
geoaccumulation index were found in the bottom 
sediments of the reservoirs: Rybnik, Rzeszów and 
Bagna Rzeszowskie, which put these sediments 
into category of class 1. The results of the calcu-
lated contamination factor were more diversified, 
as compared to the geoaccumulation index. The 
highest values of the mercury contamination fac-
tor were observed for the sediments collected from 
the reservoirs Rybnik and Bagna Rzeszowskie. 

Table 2
Concentration of mercury in bottom sediments [mg∙kg−1 d.m.]

Bottom sediements
Area sampling*

Mean SD
1 2 3

Rybnik 0.168 0.181 0.162 0.170 0.009

Rzeszów 0.082 0.085 0.083 0.084 0.002

Bagna Rzeszowskie 0.156 0.158 0.160 0.158 0.002

Głuchów 0.014 0.019 0.056 0.030 0.023

Narożnik 0.011 0.022 0.025 0.020 0.007

Brzóza Królewska 0.010 0.019 0.094 0.041 0.046

Brzóza Stadnicka 0.025 0.051 0.069 0.048 0.022

Ożanna 0.036 0.083 0.075 0.065 0.026

* 1 – inlet, 2 – middle, 3 – by the dam.

Table 3
Geochemical indicators 

Reservoir
Geoaccu-
mulation 
index Igeo

Contam-
ination 

factor Cf

PIG*

Rybnik 0.36 3.40 II

Rzeszów 0.05 1.67 I

Bagna Rzeszowskie 0.32 3.16 II

Głuchów −0.40 0.59 I

Narożnik −0.59 0.39 I

Brzóza Królewska −0.26 0.82 I

Brzóza Stadnicka −0.19 0.97 I

Ożanna −0.06 1.30 I

* Classes: I – unpolluted sediments, II – sediments moderately 
polluted, III – sediments of medium pollution, IV – sediments 
heavily polluted.
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The Cf value for the above mentioned sedi-
ments was above 3, which corresponds to their 
heavy pollution with mercury. Moderate mercury 
pollution (1 ≤ Cf < 3) was recorded in sediments of 
the Ożanna and Rzeszów reservoirs. A low coeffi-
cient of contamination (Cf < 1) was observed in the 
sediments of the reservoirs in Głuchów, Narożni-
ki, Brzóza Królewska and Brzóza Stadnicka 
(Tab. 3). According to the PIG (Polish Geologi-
cal Institute) classification, the sediment samples 
were classified into class I unpolluted sediments 
and class II moderately polluted sediments (Bo-
jakowska 2001).

Elevated concentrations of mercury in bottom 
sediments of the reservoirs in Rybnik and Bagna 
Rzeszeszowskie are related to their short distance 
to large  urban agglomerations and industrial 
plants (the Rybnik Reservoir). The bottom sedi-
ments from the Rybnik Reservoir are generally an 
effect of intensive anthropopression of the area 
where reservoirs are located. Treated industrial 
sewage, emitted by the Rybnik power plant, mu-
nicipal sewage, rain wastewaters, sewage from the 
water treatment plant, cooling tower blowdowns, 
and dry precipitation all represent the main kinds 
of water contamination in the reservoir and in the 
Ruda River (Koniarz et al. 2014). The Brzóza Stad-
nicka Reservoir, which acts as the initial reservoir, 
affects the lower mercury contamination of the 
bottom sediments in the downstream reservoir of 
Brzóza Królewska.

CONCLUSIONS

1. To summarize, the concentration of mercury 
in bottom sediments follows the order of: Ryb-
nik > Bagna Rzeszowskie > Rzeszów > Ożan-
na > Brzóza Stadnicka > Brzóza Królewska > 
Głuchów > Narożniki.   

2. The research results show that the 13 samples 
indicated are above the Polish Hg background. 
Only 9 samples are below the background. 
Generally, the sediments belonged to class I 
and II (unpolluted and moderately polluted 
sediments). 

3. Low mercury concentration in the studied sed-
iments is generally related to a lack of anthro-
pogenic sources of this metal. 

4. A positive significant correlation between the 
concentration of organic matter and the mer-
cury concentration confirms the considerable 
share of organic matter in the binding of mer-
cury. This means, that organic matter is likely 
to be the most important factor affecting the 
concentration and distribution of mercury in 
the studied sediments.
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