
Introduction

Brown coal is an important natural resource used in
Poland and other countries, e.g. Germany, Russia, Turkey,
Greece, etc., for power generation. It is an important fossil
fuel and is found in several regions of Poland, including the
Wielkopolskie, Łódzkie, and Dolnośląskie provinces and
there is a potential for brown coal mining in Lubuskie
province, [1]. New open-pit mines are going to be opened
in Wielkopolska Province, i.e. the Mąkoszyn-Grochowiska
mine and possibly in Czempiń, Krzywiń, and Gostyń.
Currently, about 35 % of energy production in Poland
comes from brown coal and new open-pit mines because of
the low price of such a energy production in comparison to

other sources. [2]. Due the technology of excavation, open-
pit mines cause several changes in the environment, such as
shifts in landscape structure and changes of local hydrolo-
gy and hydrogeology, while they also affect air quality, cre-
ate a cone of depression by drainage, and thus press on sur-
face waters. In the regions mentioned above there exists a
potential risk for river water quality related to the presence
of heavy metals in mine waters. Two types of lignite mine
waters are present, i.e. mine waters from deep-seated
drainage with mostly good quality, which may be dis-
charged to rivers without treatment, and surface drainage,
which requires treatment in settling reservoirs and some-
times application of chemicals, such as PIX, to increase the
rate of coagulation and sedimentation [3, 4]. 

Studies on heavy metals covering many environmental
issues and interactions have a long history in Poland and
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other countries. This is due to their importance for the func-
tioning of different ecosystems and for environmental
health. Toxic effects of cadmium, lead, chromium, and
other heavy metals have been intensively studied also due
to their importance for water quality and human health [5-
21]. Other parameters, such as conductivity and pH of
water and sediments, also play an important role in the eval-
uation of mine water impact on river ecosystems and have
been utilized during studies. Former surveys showed that
changes in water quality parameters caused by lignite mine
waters can affect biological diversity of aquatic plants and
to some extent values of macrophyte indices [4]. 

Study Area

The impact of mine waters from four brown coal open
pit-mines located in central Poland on river water quality
was studied. The open pit mines in Lubstów, Tomisławice,
and Drzewce are situated in the Konin Coal Mine
(Wielkopolskie Province) and the fourth mine was in the
Bełchatów field of the Bełchatów coal mine (Łódzkie
Province). Mine water discharge from Lubstów pit was
stopped in April 2009, while the other open-pit mines were
active during the study period. In the Tomisławice mine
extraction was started in September 2011. In the case of the
Lubstów and Drzewce mines the examined waters came
from deep-seated drainage, in Bełchatów they were mixed
waters leaving the settling reservoir and in Tomisławice
they were waters from surface drainage leaving the settling
reservoir. 

The Lubstów mine was situated in the rural landscape
with predominant mineral soils, and mine waters from deep
seated drainage (clean waters) were discharged without
treatment to the Noteć River [22]. Organic soils susceptible
to degradation and varying in their physico-chemical char-
acteristics were found around the new open-cast mine in
Tomisławice [23]. Mine waters from Drzewce open-pit mine
were discharged to the Grójecki Channel situated in an area
dominated by hydrogenic soils susceptible to subsurface

drainage [24]. All the mines mentioned above were located
in an area with low precipitation, which induced droughts in
lowland areas and affected agricultural activities [25, 26]. 

In the Bełchatów open-pit mine the substrate above the
coal layer was dominated by sands and the salt dome in
Dębina. Precipitation is higher than in the previous loca-
tions, but soils are susceptible to degradation caused by
mine drainage [27-29]. 

Methods

In 2011-13 the analyses of heavy metals, iron, and man-
ganese concentrations in waters and sediments of rivers
affected by brown coal mine waters were undertaken in the
Pichna (Tomisławice open pit-mine, May-June 2011, July
2013), Widawka (Bełchatów open-pit mine, May and June
2012), and Grójecki Channel (Drzewce open-pit mine, July
and August 2013). According to observations started in
2003, the Pichna River is a periodic river with no water
flow in the summer period and for this reason water quali-
ty parameters were studied in May and June. In the case of
the Noteć River (Lubstów open-pit mine), results of water
sample analyses from 2004-05 were used and sediment
samples were collected in July 2012, three years after mine
waters discharge had been stopped. Other important para-
meters of water and sediment quality were measured in
2011-13 during the warm period and mean values are pre-
sented in this paper, except for the median for pH reaction.
River water and sediment samples were collected in the
river current at three sites: A – 50 metres above the mine
waters discharge outlet, B – 100 metres below it, and C –
1000 metres below the discharge. The last site was in the
location of complete mixing of river and mine waters [30].
Samples of the bottom substrate collected for analyses were
bulk samples from three subsamples from the 5 cm deep
layer. 

Analytical procedures for sediment samples:
• Cadmium, chrome, copper, lead, nickel, zinc, iron,

manganese – determined from aqua regia extracts
obtained after 16 h extraction, metals were analyzed
with an atomic absorption spectrometer in the flame
mode, at the detection limits of 0.1 mg·kg-1,

• pHKCl and conductivity – electrometrically.
Analytical procedures for water samples:

• Cadmium, chrome, copper, lead, nickel, zinc, iron,
manganese – samples were concentrated using ion-
exchangers, metals were analyzed with an atomic
absorption spectrometer in the flame mode, at the detec-
tion limits of 0.001 mg·L-1,

• pH reaction, conductivity – electrometrically in the field.

Results and Discussion 

In the upper course of the Noteć River watershed the
water quality in the river depends on many factors, such as
the presence of lakes, agricultural activities, brown coal
mining and low precipitation [4, 26, 31-33]. The impact of
mine waters (deep-seated drainage) from the open-pit mine
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Fig. 1. Location of studied brown coal mines in Poland.  
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Lubstów (Table 1), which was closed in 2009, was not sig-
nificant for the Noteć River. In 2004-05 all studied water
quality parameters of the Noteć were in the first category of
water quality [34], except conductivity in A, where mean
value 1.027 mS·cm-1 was in second category. Below the
mine waters discharge it fall to 0.873-0.911 mS·cm-1 (sites
B and C respectively) due to the lower mean conductivity
of mine waters equal to 0.682 mS·cm-1 (Table 1). In the
years 2004-05 the amount of heavy metal in mine waters
was equal to 0.060 mg·L-1 (Table 2, Konin Coal Mine – per-
sonal communication). Three years after closure of the
Lubstów mine the total heavy metal concentration in the
bottom substrate was similar above and below the mine
waters discharge and was the lowest (25.9 mg·kg-1) among

the surveyed rivers (Table 3). The pH reaction changed
from 7.50 in site A to 4.86 in site C. Low pH of sediments
in site C was also observed earlier (pH 4.58, own analyses)
and this could be related to eutrophic conditions in the
Noteć River, where during summer a low level of oxygen
is present [33].  

In the years 2011 and 2013 most of the water quality
parameters presented in this paper (including metals) were
acceptable in the Pichna River. At site C increased contents
of manganese (0.18 mg Mn·L-1) and iron (0.87 mg Fe·L-1)
were observed in comparison to site A (0.15 mg Mn·L-1,
0.47 mg Fe·L-1). Total heavy metal contents in sediments
were found to be higher at site C (31.1 mg·kg-1) than at site
B (20.0 mg·kg-1), and slightly lower than at site A (38.8
mg·kg-1) situated above the mine waters discharge outlet
(Table 3), which was typical of the studied rivers. The
greatest level of iron in sediments was observed at site A
and was equal to 5,020 mg Fe·L-1. The pH reaction changed
from 7.60 at site A to 6.84 at site C. Conductivity of river
sediments 1 km below the mine waters discharge was 1.443
mS·cm-1 (class 2) and was the highest observed during sur-
veys. 

In 2012 total heavy metal content in mine waters dis-
charged to the Widawka was the lowest observed and
reached 0.033 mg·L-1, causing a decrease of this parameter
at river site B, but there was no impact after complete mix-
ing of river and mine waters (Table 2). At site C a negligi-
ble increase was observed for manganese (0.46 mg Mn·L-1)
and chrome (0.007 mg Cr·L-1) concentrations in compari-
son to site A (0.38 mg Mn·L-1, 0.004 mg Cr·L-1). In terms
of total heavy metal contents in the Widawka sediments
the situation improved significantly from 715 mg·kg-1 at
site A to less than 400 mg·kg-1 at sites B and C (Table 3).
Such metals as manganese and iron were strongly repre-
sented in sediments above Bełchatów mine and reached
3,320 mg Mn·kg-1 and 42,400 mg Fe·kg-1 (site A), and were
lower at the site situated 1 km below the mine waters dis-
charge (C), falling to 1,970 mg Mn·kg-1 and 34,400 mg
Fe·kg-1, respectively. The pH values of river sediments were
similar at site A (pH 7.32) and sites below the mine waters
discharge (B, pH 7.48, C, pH 7.34). Conductivity of river
sediments 1 km below the discharge was equal to 1.382
mS·cm-1, while at site A it was equal to 1.135 mS·cm-1.

In 2013 the pH reaction of Drzewce mine waters were
characterized by a wide range of values in comparison to
other mines (Table 1). The total heavy metal contents in
mine waters discharged to the Grójecki Channel were the
highest observed and was equal to 0.079 mg·L-1, but it
caused a reduction of this parameter at river sites B and C
due to high concentrations of heavy metals at the site above
the mine waters discharge (Table 2). At site C a negligible
increase of manganese (0.08 mg Mn·L-1), iron (1.20 mg
Fe·L-1), and chrome (0.037 mg Cr·L-1) concentrations was
observed in comparison to site A (0.04 mg Mn·L-1, 0.36 mg
Fe·L-1, 0.032 mg Cr·L-1). The total heavy metal content in
the bottom substrate of Grójecki Channel was the highest at
site C and equal to 61.1 mg·kg-1 (Table 3). A very high con-
centration of iron was observed in the riverbed substrate
from site C equal to 57,300 mg Fe·kg-1, which was over 7
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Table 1. Median of pH reaction, mean values of conductivity
and its standard deviation in mine waters from studied open-pit
mines.  

Open pit
mine

Mine water quality
parameter

Mean
Standard 
deviation

Lubstów
pH 7.46* 0.16

Conductivity, (mS·cm-1) 0.629 0.169

Tomisławice
pH 7.73 0.02

Conductivity, (mS·cm-1) 0.422 0.036

Bełchatów
pH 7.67 0.07

Conductivity, (mS·cm-1) 0.903 0.060

Drzewce
pH 7.70 0.32

Conductivity, (mS·cm-1) 0.457 0.053

*median for pH reaction

Table 2. Sum of heavy metals (cadmium, chrome, copper, lead,
nickel, zinc) for studied river waters in three sites (A – 50
metres above mine waters discharge, B – 100 metres below and
C – 1000 metres below discharge) and the sum of heavy metals
in mine waters. 

Sum of heavy metals in river
waters Sum of heavy

metals in
mine watersRiver/open-pit

mine
A B C

mg·L-1

Noteć R./
Lubstów

- * - - 0.060 **

Pichna R./
Tomisławice 

0.057 0.043 0.030 0.035

Widawka R./
Bełchatów

0.063 0.060 0.066 0.033

Grójecki
Channel/
Drzewce

0.106 0.098 0.084 0.079

*in 2004-09 the total concentrations of metals in river waters
were not analyzed,
**data from Konin Coal Mine (personal communication) for
years 2004-09
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times higher than at site A. It was probably the effect of sed-
iment characteristics at site B, where the mineral permeate
substrate was found, accumulating non-significant amounts
of metals, whilst at site C the mineral-organic more cumu-
lative substrate was observed. Additionally, at site B the
river and mine waters were not completely mixed yet. The
pH reaction of river sediments was similar at site A (pH
7.23) and in site C (pH 7.10). Conductivity of river sedi-
ments 1 km below the discharge outlet was equal to 0.849
mS·cm-1 and it was higher than at site A (0.527 mS·cm-1).

In the studied rivers sediment conductivity was always
higher at sites C than above the mine waters discharge out-
let (sites A), regardless of the type of mine waters and dura-
tion of mine waters impact on the river ecosystem. To some
extent it was also observed in the case of several metals
such as chrome, copper, cadmium, lead, and total heavy
metals (Fig. 2). In comparison to other data for rivers in
Poland the concentrations of heavy metals in sediments of
the studied rivers were low except for manganese in the
Widawka River, and manganese and iron in Grójecki
Channel (Table 4). 

A decrease of total heavy metal concentrations at sites
B and its increase at sites C (Table 3) were probably relat-
ed to the higher river discharge caused by mine waters, thus
washing out a portion of sediments from sites B to C. The
rate of mine waters discharge in the Pichna River was even
100% during the summer period, in the Widawka the aver-
age was equal to 15% [29], in the Noteć it was 21% [42],
and 10-20% in Grójecki Channel [authors’ observations].
The change in the substrate structure was most evident in
the case of Grójecki Channel and the Pichna River, where
site B was mineral and site C was partially mineral and
organic (Table 3). A similar phenomenon was observed in
the middle course of the Odra River, where small grain size
particles characterized by high metal contents were washed
out from the central parts of the riverbed and deposited
along the riverbank, causing an increase in heavy metals
concentrations [43]. 

Conclusions

1. The sum of heavy metals concentrations in brown coal
mine waters was lower than in rivers that cause a
decrease of this parameter below the mine waters dis-
charge. 

2. Higher concentrations of particular metals at the river
sites below the mine waters discharge were sporadical-
ly observed for chrome (Bełchatów and Drzewce open-
pit mines), zinc (Bełchatów), manganese (Tomisławice,
Bełchatów, Drzewce) and iron (Drzewce). 

3. Brown coal mine waters, despite the duration of impact,
caused a decrease of the total heavy metal concentrations
in river sediments 100 meters below the mine waters dis-
charge and a subsequent increase after complete mixing
with river waters at sites situated 1 km below the dis-
charge. In the case of the Lubstów and Drzewce open-pit
mines the concentrations at sites 1 km below the dis-
charge were greater than the values observed at the sites
located above the mine waters discharge. 

River Parameter
Site

A B C

Noteć R.
Substrate min min min

Heavy metals (mg·kg-1 d.m.) 22.8 13.8 25.9

Pichna R.
Substrate min min min/org

Heavy metals (mg·kg-1 d.m.) 38.8 20.0 31.1

Widawka R.
Substrate min/org min/org min/org

Heavy metals (mg·kg-1 d.m.) 715 393 398

Grójecki Channel
Substrate min/org min min/org

Heavy metals (mg·kg-1 d.m.) 39.2 25.1 61.1

Table 3. River bottom substrate and sum of heavy metals (cadmium, chrome, copper, lead, nickel, zinc) in river sediments (A – 50
metres above mine waters discharge, B – 100 metres below and C – 1000 metres below discharge, min – mineral substrate, min/org –
mineral/organic substrate). 

Fig. 2. Number of open-pit mines where select sediment quali-
ty parameters were higher in sites located 1 km below than in
sites above mine waters discharge (Cond. – conductivity, H.
met. – sum of heavy metals). 



4. Metal contents in river sediments were low and they
were significantly lower than the maximum values
found in Poland, except for iron and manganese. 

5. In all studied rivers mine waters caused sediment con-
ductivity at sites 1 km below the discharge to be higher
than in upper sites, which indicates the impact of mine
waters on sediment salinity. 

6. Total concentrations of heavy metals were decreasing in
sites B and then increasing in sites C due to the mine
waters impact on riverbed material. 
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