
IntroductIon

The fresh water deficit on Earth was estimat-
ed at 230 billion m3/year in 2000; this value takes 
into account the water for agricultural and indus-
trial purposes (Domashenko and Vasilyev, 2018). 
The total amount of freshwater in Europe (approx. 
2270 km3/year) shows that the water resources are 
relatively abundant (EEA Report No 2/2009). In 
Poland, the average discharge of surface waters 
is approx. 58.6 km3, the average water resource 
index is 1.4 dam3/year per person (GUS 2019). 
According to estimations, the water resources 
in Europe amount to approx. 4750 m3/year per 
person on average, it shows that Poland is one 
of the countries with the poorest water resources 
(Walczykiewicz, 2014, Łabędzki, 2016, GUS, 
2019). The quality of the Polish surface water is 

low (Patro & Zubala, 2012). The low quality and 
deficiency of water, compels the use of irrigation 
(also agricultural irrigation) water from different 
sources, which allows for the efficient use of poor 
water resources (Tarjuelo et al., 2010, Lykhovyd 
et al., 2019, Jawecki et al., 2019a). 

Quarry lakes often emerge in mine pits, af-
ter the exploitation of mineral deposits is over; 
the water resources contained in these lakes can 
be used by agriculture and the economy (Axler 
et al., 1998, Klapper & Geller, 2001, Ramstedt 
et al., 2003, Doupe & Lymbery, 2005, Kleeberg 
& Grüneberg, 2005, Nixdorf et al., 2005, Mc-
Cullough, 2008, Schultze et al., 2010, Czerniaws-
ka-Kusza & Brożonowicz, 2014, Jawecki, 2017, 
Jawecki & Mirski, 2018, Jawecki et al., 2019a). 
Depending on the excavated natural resources 
and mining technology used, pit lakes or quarry 
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AbstrAct
The article presents the evaluation of the influence of the heavy metals content in the water from selected Strzelin 
Quarry Lakes located in Central Europe) on the possibility to use the water for irrigation. The guidelines provided 
by FAO and in PN-84/C-04635 were the basis of the evaluation. The water pH ranged from 7.1–9.0, on average 
7.8. The zinc content was in the range from 0.40–29.00 µg·dm-3, on the average 14.40 µg·dm-3, while the content of 
copper ranged from 0.00–50.10 µg·dm-3, on average 21.13 µg·dm-3. The cadmium content fell into the range from 
0.00–5.50 µg·dm-3, on the average 0.83 µg·dm-3, and the lead content ranged from 0.00–18.10 µg·dm-3, on aver-
age 3.16 µg·dm-3. The chromium content ranged from 0.00–21.00 µg·dm-3, on average 4.26 µg·dm-3 and, finally, 
the content of nickel ranged from 0.00–39.80 µg·dm-3, on average 6.70 µg·dm-3. The values of the analysed heavy 
metals were similar to the concentrations noted in natural lakes and artificial water reservoirs. As far as the heavy 
metal content is concerned, the water from the selected Strzelin Quarry Lakes met the requirements that allow us-
ing it for the purposes of agricultural irrigation.
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lakes, may accumulate even millions of cubic me-
tres of water (Doyle & Runnells, 1997, Axler et 
al., 1998, Ramstedt et al., 2003, Denimal et al., 
2005, Kleeberg & Grüneberg, 2005, Nixdorf et 
al., 2005, Molenda, 2006, McCullough & Lund, 
2006, Kołodziejczyk, 2009, Schultze et al., 2010, 
Chudzik, 2012, Singleton et al., 2013, Kumar 
et al., 2016, Jawecki et al., 2018, Jawecki 2019, 
Jawecki et al., 2019b). 

There are many ways to use the water re-
tained in quarry lakes; for example, it can be 
used: for fish breeding, as a source of potable 
water, for agricultural and horticultural irriga-
tion, source of industrial water, etc. (Axler et 
al., 1998, Klapper & Geller, 2001, Galas, 2003, 
Castendyk et al., 2005, Doupé & Lymbery, 2005, 
McCullough & Lund, 2006, McCullough, 2008, 
Kumar et al., 2009, Schultze et al., 2010, Ravaz-
zani et al., 2011, Singleton et al., 2013, Jawecki et 
al., 2019a). Since Poland is classified as a country 
with low water resources (Patro & Zubala, 2012, 
Walczykiewicz, 2014, GUS 2019), using the wa-
ter from flooded mining pits may become impor-
tant (Jawecki et al., 2019a). This is true especially 
in the areas with poor water resources (Doupé & 
Lymbery, 2005, McCullough & Lund, 2006, Ku-
mar et al., 2009, Ravazzani et al., 2011, Jawecki 
et. al. 2019a, Jawecki et al., 2019b). However, the 
use of water accumulated in mining pits depends 
largely on its quality and quantity (Doyle & Run-
nells, 1997, Axler et al., 1998, Grünewald, 2001, 
Klapper & Geller, 2001, Castendyk et al., 2005, 
Denimal et al., 2005, Doupé & Lymbery, 2005, 
McCullough & Lund, 2006, McCullough, 2008, 
Schultze et al., 2010, Kumar et al., 2016, Jawecki 
et al., 2018, Jawecki & Mirski, 2018, Jawecki et 
al., 2019a). The concentration of heavy metals in 
surface and groundwater, among others depends 
of the mineralogical and geological structure, the 
type of excavated raw material, as well as the 
processing and mining technology (Stottmeister 
et al., 1999, Ramstedt et al., 2003, McCullough, 
2008, Kumar et al., 2009, Schultze et al., 2010, 
Hinwood et al., 2012, Kumar et al., 2016, Malc-
zewska et al. 2018).

The aim of the research was to evaluate the 
usability of the surface water from selected Strze-
lin Quarry Lakes for the agricultural irrigation, in 
terms of the heavy metal content. This article is a 
continuation of the publication of the usability of 
the water from selected Strzelin Quarry Lakes for 
agricultural irrigation, published by Jawecki and 
co-workers (2019a). 

The quoted paper (Jawecki et al., 2019a) pre-
sented the evaluation of the possibility to use the 
water from selected Strzelin Quarry Lakes for 
agricultural irrigation, where the following indi-
cators were analysed and assessed: electrical con-
ductivity, Sodium Adsorption Ratio, Total Dis-
solved Solids, water pH, BOD5, and ion concen-
trations of: nitrates, sulphates, chlorides, sodium, 
manganese, and iron. The authors stated (Jawecki 
et al. 2019a) that in terms of the analysed indi-
cators, the water from the Strzelin Quarry Lakes 
met (with some minor limitations) the require-
ments that enable its use for agricultural irriga-
tion, in particular sprinkler irrigation.

MaterIals and Methodology

The Strzelin Quarry Lakes are located in 
Central Europe, in the south-eastern part of the 
Lower Silesian Voivodeship, County Strzelin 
(Fig. 1). The characteristics of the spatial devel-
opment and land use, geological structure, im-
pact of Strzelin quarries on the environment and 
reclamation of Strzelin quarries were presented 
among others in the publications of Jawecki and 
co-workers (Jawecki, 2017, Jawecki & Mirski, 
2018, Jawecki, 2019, Jawecki et al., 2019a, 
Jawecki et al., 2019b). 

Water sampling was conducted in 5 quarries 
(3 quarries were closed, 1 were quarries active, 
and 1 quarry was periodically active), the basic 
characteristics of which are presented in publi-
cation by Jawecki and co-workers (2019a). The 
samples of water were collected from 2 granite 
quarries (Q1-G, Q3-G) 1 tonalite, diorite and 
granite quarry (Q2-TDG), 1 quartzite schist quar-
ry (Q4-QS), 1 marble quarry (Q5-M). Four of the 
quarries are non-outflow (Q1-G, Q2-TDG, Q3-G, 
Q4-QS), the water from one quarry (Q5-M) runs 
off by gravity to a drainage ditch, the part of water 
from two quarries (Q1-G, Q4-QS) is periodically 
pumped out and discharged outside the quarry 
(Jawecki et al. 2019a). 

The methodology of sampling (depth from 
water surface, distance from the shore, hour of 
sample collection, measurement period) were 
presented in the articles of Jawecki and co-work-
ers (2019a) and Jawecki & Mirski (2018). The 
methodology for calculating the water surface 
area and depth of the analysed Strzelin Quarry 
Lakes were presented in the article of Jawecki 
and co-workers (2019a). 
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The samples of quarry water were analysed in 
the laboratory of Wroclaw University of Environ-
mental and Life Sciences (Faculty Environmen-
tal Research Laboratory), pursuant to the refer-
ence test methodologies and/or Polish Reference 
Standards. The content of Zn, Cu, Cd, Pb, Cr, Ni, 
was calculated, along with the pH. The obtained 
results were classified by using the Polish Ref-
erence Standard PN-84/C-04635 (Treder, 2016, 
Kaniszewski & Treder, 2018) and FAO guide-
lines (Ayers & Westcott, 1985). 

the average values from the measurement 
period of concentration of heavy metals (Zn, 
Cu, Cd, Pb, Cr, Ni,) and water pH were used for 
evaluating possibility to use the water from the 
selected Strzelin Quarry Lakes for irrigation. The 
overall evaluation were made by adopting the 
worst average value of the analysed indicators. 
The methodology of calculation of average value 
of pH, standard deviation of average concentra-
tion of heavy metals, were presented in a paper by 
Jawecki and co-workers (2019a).

Fig. 1. Strzelin Quarry Lakes (selected) – views and location (map: license 
No. MGW.I.7522.524.2016_02_N by Lower Silesian Voivodeship (Jawecki et al. 2019a, 

modified by Jawecki B.). The symbol on map means: granite quarry: Q1-G and Q3-G, tonalite, 
diorite and granite quarry: Q2-TDG, quartzite schist quarry: Q4-QS, marble quarry: Q5-M
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results and dIscussIon

The average pH of water in selected Strzelin 
Quarry Lakes fell into the range 7.45–8.06 (Ta-
ble 1), with the most frequently noted pH value 
of 8.4, although the pH of water in the analysed 
quarries ranged from 7.1–9.0 (Table 1), and the 
highest values (pH 9.0) were found in the Q3-G 
granite quarry (Jawecki et al., 2019a), which has 
the characteristic properties of an eutrophic reser-
voir (Ejsmont-Karabin, 1995, Jawecki & Mirski, 
2018, Jawecki et. al., 2019a). The highest values of 
water pH in the analysed quarry lakes were noted 
in spring and summer. The strong development of 
phytoplanctone, the intensive photosynthesis in 
summer, may lead to an increase of the water pH 
(Puczyńska & Skrzypski, 2009, Wiejaczka, 2011). 
The authors who were investigated the flooded 
marble, limestone, and quartzite quarries obtained 
similar results (pH 7.7–8.4) (Galas 2003, Czerni-
awska-Kusza & Brożonowicz, 2014, Jawecki & 
Mirski, 2018). The higher values (pH 7.34–9.74) 
were found in limestone quarries in USA, Nebras-
ka State (Mayne, 1994). The pH values obtained 
by Jawecki and Mirski (2018) in eutrophic granite 
quarries ranged from 7.2–9.3. In the granite quarry 
(Q3-G), the water pH value (9.0 and 8.6) exceeded 
the range observed in natural lakes (pH 6.5–8.5) 
and the range (pH 6.5–8.4) recommended by FAO 
for the water used in irrigation (Ayers & Westcott, 
1985). The water pH value of 8.0, recommended 
by Polish Reference Standard PN-84/C-04635 for 
irrigation (Kaniszewski &Treder, 2018) was ex-
ceeded mainly in the summer, in 56% of the sam-
ples (Jawecki et al. 2019a). A wider evaluation of 
the influence of pH of the analysed quarries of the 
suitability of water for use in irrigation was pre-
sented in the quoted study by Jawecki (2019a).

The average zinc content in the analysed quar-
ry lakes fell into the range 11.32–21.02 μg·dm-3, 
(Fig. 2, Table 1). The highest content (29.00 
μg·dm-3) was noted in the Q5-M marble quarry 
(Table 1), and the lowest one (0.40 μg·dm-3) in the 
Q3-G granite quarry (Table 1). The zinc content 
found in the Strzelin Quarry Lakes was similar 
to the values noted in lakes (0.66–15.8 μg·dm-3) 
(Piotrowski, 1997, Preseli & Voltas, 2007, Zeng 
et al., 2012, Zeng et al., 2013, Gwoździński et 
al., 2014, Wojtkowska, 2014, Vukosav et al., 
2014), the lower values of zinc concentration 
(<5.0–29 μg·dm-3

, 64.0–197.0 μg·dm-3) found in 
water reservoirs (Avila-Pérez et al., 1999, Ka-
radede & Ünlü, 2000, Rosińska & Dąbrowska, 
2011, Frankowski & Zbierska, 2015). At the same 
time, they are decidedly lower than the zinc con-
tent (0.01–59.0 mg·dm-3) noted in the quarry lakes 
after the excavation of metal ores (Ramstedt et al., 
2003, McCullough, 2008, Kumar et al., 2009) as 
well as in the coal and lignite pit lakes (0.5–46.0 
mg·dm-3 (Stottmeister et al., 1999, Kumar et al., 
2009, Schultze et al., 2010, Kumar et al., 2016)). 
As the zinc content was below 2.0 mg·dm-3 in the 
analysed water, it did not lead to any restrictions in 
using the water from the analysed quarry lakes for 
the irrigation purposes (PN-84/C-04635, Ayers & 
Westcott, 1985, Park et al., 2014, Kaniszewski & 
Treder, 2018).

The average copper content in the analysed 
quarry lakes fell into the range 18.16–24.04 
μg·dm-3, (Fig. 2, Table 1). The highest concen-
tration (50.10 μg·dm-3) was noted in the Q5-M 
marble quarry (Table 1). However, in December 
2016, no copper at all was found in the Q3-G and 
Q4-QS quarry lakes (Table 2). The copper content 
found in the Strzelin Quarry Lakes was similar 
to the values noted in lakes (0.13–41.5 μg·dm-3) 

table 1. Maximum, minimum and average value of pH and concentration of Zn, Cu, Cd, Pb, Cr, Ni in the water 
of the selected Strzelin Quarry Lakes

Item Parameter Q1-G Q2-TDG Q3-G Q4-QS Q5-M

1. pH (–) 8.06
7.6-8.4

7.98
7.6-8.4

7.73
7.2-9.0

7.45
7.1-8.2

7.90
7.5-8.4

2. Zinc (μg·dm-3) 12.06±6.86
7.70-20.50

15.46±12.56
7.50-28.50

11.32±9.65
0.40-18.80

12.14±6.37
3.10-15.20

21.02±10.87
7.10-29.00

3. Copper (μg·dm-3) 18.82±20.23
4.70-46.00

22.88±19.48
3.20-39.30

18.16±22.98
0.00-46.80

21.74±21.99
0.00-43.40

24.04±20.71
7.80-50.10

4. Cadmium (μg·dm-3) 0.50±1.39
0.00-2.50

0.56±1.13
0.00-2.10

1.48±2.97
0.00-5.50

0.84±1.72
0.00-3.20

0.76±1.43
0.00-2.60

5. Lead (μg·dm-3) 3.62±10.05
0.00-18.10

2.52±7.00
0.00-12.60

3.06±8.49
0.00-15.30

3.38±9.38
0.00-16.90

3.20±8.88
0.00-16.00

6. Chromium (μg·dm-3) 6.24±10.71
0.00-17.30

3.72±6.75
0.00-12.00

6.20±11.59
0.00-21.00

2.06±5.38
0.00-9.80

3.10±6.17
0.00-11.40

7. Nickel (μg·dm-3) 7.98±22.08
0.00-39.80

5.12±12.60
0.00-23.20

10.3±15.02
0.00-26.10

0.46±1.28
0.00-2.30

9.66±14.34
0.00-24.90
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Fig. 2. Average concentrations of selected heavy metals in the waters 
of the analysed selected Strzelin Quarry Lakes
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(Piotrowski, 1997, Pertsemli & Voutsa, 2007, 
Zeng et al., 2012, Zeng et al. 2013, Gwoździński 
et al., 2014, Wojtkowska, 2014, Vukosav et al., 
2014) and the medium values of copper concen-
tration (<3.0–12.0 μg·dm-3, 14.0–22.0 μg·dm-3, 
~58.0–~138.0 μg·dm-3) noted in water reservoirs 
(Avila-Pérez et al., 1999, Karadede & Ünlü, 
2000, Rosińska & Dąbrowska, 2011, Frankowski 
& Zbierska, 2015). At the same time, the value 
was decidedly lower than the zinc concentration 
(0.01–36.0 mg·dm-3) noted in the quarry lakes af-
ter metal ore mining (Ramstedt et. al. 2003, Mc-
Cullough, 2008, Kumar et al., 2009) as well as in 
the coal and lignite pit lakes (0.5–46.0 mg·dm-3) 
(Stottmeister et al., 1999, Kumar et al., 2009). As 
the copper content in the analysed water was be-
low 0.2 mg·dm-3 it did not lead to any restrictions 
in using the water from the analysed quarry lakes 
for the irrigation purposes (PN-84/C-04635, Ayers 
& Westcott, 1985, Park et al., 2014, Kaniszewski 
& Treder, 2018).

The average cadmium content in the anal-
ysed quarry lakes ranged from 0.5–1.48 μg·dm-3, 
(Fig. 2, Table 1). The highest concentration (5.5 
μg·dm-3 was noted in the Q3-G marble quarry 
(Table 1). In autumn and winter, no cadmium was 
detected in 64% of the water samples from the 
analysed Strzelin Quarry Lakes (Table 2). The 
cadmium content in the waters of the analysed 
quarry lakes is similar to the lower values (0.009–
1.0 μg·dm-3, 2.4–15.3 μg·dm-3) noted in lakes, 
in particular uncontaminated ones (Piotrowski, 
1997, Gwoździński et al., 2014, Zeng et al., 2012, 
Zeng et al., 2013, Elzwayie et al., 2017). At the 
same time, they are decidedly lower than the zinc 
content (0.02–0.16 mg·dm-3) noted in the quarry 
lakes after the excavation of metal ores (Ramst-
edt et al., 2003, McCullough, 2008, Kumar et al., 
2009) and in coal and lignite pit lakes ((0.001–
0.023 mg·dm-3) (Stottmeister et al., 1999, Kumar 
et al., 2009, Hinwood et al., 2012)). As the cad-
mium content in the analysed water was below 
0.1 mg·dm-3 it did not lead to any restrictions in 
using the water from the analysed quarry lakes for 
the irrigation purposes (PN-84/C-04635, Ayers & 
Westcott, 1985, Kaniszewski & Treder, 2018).

The average lead content in the analysed 
quarry lakes fell into the range 2.52–3.62 μg·dm-3, 
(Fig. 2, Table 1). The highest concentration (18.10 
μg·dm-3) was noted in the Q1-G granite quarry 
(Table 1). No lead at all was detected in 80% of 
the samples of water from the Strzelin Quarry 
Lakes (Table 1), except for the autumn of 2017. 

The lead concentrations found in the Strzelin 
Quarry Lakes were similar to the values (0.06–
15.0 μg·dm-3, 30.6–220.3 μg·dm-3) noted in lakes, 
especially uncontaminated ones (Piotrowski, 
1997, Gwoździński et al., 2014, Zeng et al., 2012, 
Zeng et al., 2013, Wojtkowska, 2014) and similar 
to the lower lead concentration values (10.0–73.0 
μg·dm-3) in water reservoirs (Avila-Pérez et al., 
1999, Rosińska & Dąbrowska, 2011). At the same 
time, they are decidedly lower than the lead con-
tent (0.001–1.0 mg·dm-3) noted in the quarry lakes 
after the excavation of metal ores (Ramstedt et al., 
2003, Kumar et al., 2009) as well as in the coal 
and lignite pit lakes (0.011–6.3 mg·dm-3) (Stott-
meister et al., 1999, Kumar et al., 2009, Hinwood 
et al, 2012). As the cadmium content in the ana-
lysed water was below 0.1 mg·dm-3 (5 mg·dm-3 
by FAO), it did not lead to any restrictions in us-
ing the water from the analysed quarry lakes for 
the irrigation purposes (PN-84/C-04635, Ayers & 
Westcott, 1985, Kaniszewski & Treder, 2018).

The average chromium content in the ana-
lysed quarry lakes fell into the range 2.06–6.24 
μg·dm-3 (Fig. 2, Table 1). The highest concentra-
tion (21.0 μg·dm-3) was noted in the Q3-G granite 
quarry (Table 1). In the autumn of 2016 and spring 
of 2017, chromium was detected in quarry lakes, 
whereas in the other cases (60% of samples) no 
chromium was found at all (Table 1). The chro-
mium concentration in the water of the analysed 
Strzelin Quarry Lakes were similar to the lower 
values 0.95–2.27 (22.17) μg·dm-3 noted in lakes 
(Zeng et al., 2012, Zeng et al., 2013, Gwoździński 
et al., 2014), and the lower values ~10–50 (150) 
μg·dm-3 found in water reservoirs (Avila-Pérez et 
al., 1999, Rosińska and Dąbrowska, 2011). At the 
same time, they were lower than the chromium 
content (0.001–0.47 mg·dm-3) noted in the coal 
and lignite pit lakes (Stottmeister et al., 1999, 
Kumar et al., 2009, Schultze et al., 2012). As 
the chromium content in the analysed water was 
below 0.1 mg·dm-3 it did not lead to any restric-
tions in using the water from the analysed quarry 
lakes for the irrigation purposes (PN-84/C-04635, 
Ayers & Westcott, 1985).

The average nickel content in the analysed 
quarry lakes fell into the range 0.46–7.98 μg·dm-3, 
(Fig. 2, Table 1). The highest concentration 
(39.80 μg·dm-3) was noted in the granite quarry 
Q1-G (Table 1). In 52% of the samples from the 
analysed quarry lakes (Table 1) no nickel was de-
tected at all (2-4 samples per each specific quar-
ry lake). The nickel content in the waters of the 
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analysed Strzelin Quarry Lakes was similar to the 
concentrations (0.8–5.2 μg·dm-3) noted in lakes 
(Zeng et al., 2012, Zeng et al., 2013, Gwoździński 
et al., 2014) and the content (~12.5–60.0 μg·dm-3) 
in water reservoirs (Avila-Pérez et al., 1999, Ka-
radede & Ünlü, 2000, Rosińska & Dąbrowska, 
2011). It is lower than the nickel content (0.09–
0.69 mg·dm-3) in the quarry lakes that emerged in 
metal ore mines (Kumar et al., 2009), and decid-
edly lower than the upper values of nickel con-
centration (0.016–17.0 mg·dm-3) in the coal and 
lignite pit lakes (Stottmeister et al., 1999, Kumar 
et al., 2009, Schultze et al., 2010, Hinwood et al., 
2012, Kumar et al., 2016). As the nickel content 
in the analysed water was below 1.0 mg·dm-3 (0.2 
mg·dm-3 by FAO) its content did not lead to any 
restrictions in using the water for the irrigation 
purposes (PN-84/C-04635, Ayers & Westcott, 
1985, Kaniszewski & Treder, 2018).

suMMary and conclusIons

The Strzelin Quarry Lakes presented in the 
article emerged in the closed quarries of granit-
oides, quartzite shale, and marble result from the 
flooding by rainwater and ground water. They 
are characterised by relatively small surface areas 
ranging from 0.89 ha to 3.60 ha, but also relative-
ly large depths of 10–25 m (max. 40 m), so they 
may potentially store large amounts of water 
(Jawecki et. al., 2018, Jawecki et al., 2019b) and 
become a potential source of water to be used in 
agriculture (Jawecki 2019a), and for economic 
purposes. 

The quarry lakes are supplied by rainwater, 
as well as the surface and sub-surface runoff 
from the direct catchment of the quarry lake. 
The concentration of heavy metals in the wa-
ters of the selected Strzelin Quarry Lakes is 
relatively low, similar to that in natural lakes. 
Simultaneously, the concentration of heavy 
metals in the water of the analysed Strzelin 
Quarry Lakes, is lower than in most pit lakes, 
for example in acidic AML and pit lakes that 
emerged after the excavation of metal ores. 

According to the threshold values for the 
evaluation of the chemical condition of waters 
(Journal of Laws 2019.2149) the assessment of 
the content of zinc (average 14.40 µg·dm-3), cop-
per (average 21.13 µg·dm-3), and chromium (av-
erage 4.26 µg·dm-3) based on the threshold values 
of specific non-synthetic water quality indicators 
(Appendix No. 25, Journal of Laws 2019.2149) 
demonstrated that the water from the analysed 
quarry lakes should be classified as Class II. At 
the same time, the remaining analysed metals: 
cadmium (average 0.83 µg·dm-3), lead (average 
3.16 µg·dm-3), and nickel (average 6.70 µg·dm-3), 
assessed based on the values of environmental 
reference standards for priority substances in the 
water environment (Appendix No. 14, Journal of 
Laws 2019.2149), exceed the threshold values of 
annual average environmental quality standards 
(AA-EQS) and the maximum allowable concen-
tration environmental quality standards (MAC-
EQS) for natural water courses and lakes. 

The content of heavy metals in the analysed 
Strzelin Quarry Lakes met the requirements on 
using water for irrigation provided in the interna-
tional guidelines and Polish guidelines (Table 2). 

table 2. Evaluation of the usability of quarry lake water for irrigation purposes

Parameter
Q1-G Q2-TDG Q3-G Q4-QS Q5-M

PL FAO PL FAO PL FAO PL FAO PL FAO

pH 2,3 (–)

Zink 1,2,3 (µg·dm-3)

Copper 2,3 (µg·dm-3)

Cadmium 1,2,3 (µg·dm-3)

Lead 1,2,3 (µg·dm-3)

Chromium 2,3 (µg·dm-3)

Nickel 1,2,3 (µg·dm-3)

Sum of heavy metals 1,2 (mg·dm-3)

Reference standard by PN-84/C-04635 and FAO
Met Not met

PL – 1 Kaniszewski & Treder, 2018 or 2 PN-84/C-04635. FAO; 3 Ayers & Westcott, 1985.
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Some restrictions on using the analysed water for 
irrigation were noted with respect to pH (in quar-
ry Q1-G), but this issue has been discussed more 
widely in the referenced study by Jawecki and co-
workers, (2019a). 

The conducted research allowed the authors 
to formulate the following conclusions:
1. The content of heavy metals (Zn, Cu, Cr, Cd, 

Pb, and Ni) in the waters of the analysed Strze-
lin Quarry Lakes met the requirements on us-
ing water for irrigation provided in the interna-
tional and Polish guidelines.

2. The concentrations of heavy metals found in 
the waters of the analysed Strzelin Quarry 
Lakes were similar to those in natural lakes, 
decidedly lower than in most pit lakes, espe-
cially AML, and the pit lakes emerging after 
the excavation of metal ores.

3. As far as the concentration of zinc, copper, and 
chromium are concerned, the water in the ana-
lysed Strzelin Quarry Lakes met the require-
ments of surface water quality indicators for 
Class II of the chemical state of the waters, 
whereas the content of cadmium, lead, and 
nickel exceeded the threshold values of AA-
EQS and MAC-EQS concentrations for natural 
water courses and lakes.
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