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Abstract: This study assesses the water quality of the Susanecké Ponds in the Czech Republic post-
mining area. Four monitoring profiles were chosen: the Susanka River inflow into the Susanecké
Ponds, two ponds and the outflow of the Susanecké Ponds to the Susanka River. The sampling took
place in a 14-day interval from March to October 2022. The monitored parameters were temperature,
Oy, pH, electrical conductivity, turbidity, nitrate nitrogen, ammoniacal nitrogen, total phosphorus,
chlorophyll-a, COD¢,, BODs and metals—Fe, Mn, Cu, Zn, Ni, Pb, Co, Cd, Cr. The results were
evaluated in accordance with the Czech standard CSN 75 7221 and Government Regulation No.
401/2015 Coll. Based on the evaluation data, it was found that the area of the Susanecké Ponds does
not meet the limits of the government regulation for three out of the twenty parameters. According
to the standard, Susanecké Ponds are mainly classified as highly polluted waters.

Keywords: water quality; surface water; post-mining area; Ostrava-Karvina District (OKD); Moravian-
Silesian Region

1. Introduction

The environmental quality of post-mining cities is slowly improving. On the one hand,
these cities are pursuing sustainable development, taking into account the role of blue-
green infrastructure. On the other hand, they must perform certain economic and social
functions in the places of settlement [1]. The emphasis is on the adequacy of water sources
for recreational purposes [2,3], especially in dense urban areas. In particular, these activities
relate to water quality issues (water bathing, water sports and fishing) [4]. In addition,
post-mining cities face depopulation due to their negative image [5]. Consequently, all
actions co-existing with the mitigation of this attitude are welcome. Many cities are thus
trying to restore the original function of existing water bodies that were used in the past,
focusing on restoring their natural after-use potential in terms of water quality. Finally,
efforts are also being made to green densely built areas and improve climate resilience [6,7].

The Ostrava-Karvina District (OKD) is only a small part of the vast Upper Silesia coal
basin, most of which is located in neighboring Poland (more than 90% of the area). With
regard to the black coal mining industry, the region is one of the most important in Europe.
Approximately 90% of all the black coal production in the former Czechoslovakia was
extracted from OKD until the late of 1980s, and three quarters of the total was extracted
from Karvina region. In the early 1990s, the extraction of black coal in the Ostrava region
and other regions of the Czech Republic was reduced after the transformation of the Czech
mining industry [8].

The aim of this study was to evaluate the water quality of Susanecké Ponds in the
OKD post-mining city.
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2. Materials and Methods
2.1. Study Area

The study area is located in the Havifov City, Horni Sucha district, in the Moravian-
Silesian Region of the Czech Republic (Figure 1B). This area is in the OKD post-mining
district. The climate in this region is moderately warm, with an average annual temperature
of 19 °C in summer and an average annual rainfall of 650 mm [9]. The earliest references to
the SuSanecké Ponds date from 1764 to 1768 and 1780 to 1783, documented from military
maps [10-12]. Previously, the Susanecké Ponds were composed of ten water bodies fed by
the Lucina River, the Susanka River and the Dolnosussky Stream. Between 1836 and 1852,
the number of water areas dropped from ten to five, and from 1869 to 1885, the number of
water areas was further reduced from ten to four by dividing the ponds into large units.
Subsequently, the water area was again divided, with an increase to seven.

Until the late 1950s, seven ponds were used for fishing and recreational purposes and
by the inhabitants of Horni Sucha and its surroundings. The ponds were also the source of
water for the Dukla Mine. After they were no longer used as a source of water for the Dukla
Mine, in 1959, the Susanecké Ponds became part of the sludge lagoons in the wastewater
treatment system; then the sewage from the surrounding villages was also discharged there.
The mine water from the Plant Frantisek, Mine Odra, Plant 9th May, Mine Darkov and,
in an emergency, also from mines Dukla and Lazy were all pumped into the ponds. The
actual construction of the treatment system took place between 1959 and 1966, when the
sedimentation tanks were completed [9]. With the decline of mining and after the closure
of the wastewater treatment plant, remediation and reclamation work began in 1995. Coal
sludge and flotation tailings from the tanks began to be removed in 2000. This process
lasted until 2016. As part of the reclamation work, some parts of the tanks were filled in
and the remaining areas were flooded with water. Since 2009, dice sneak urchin (Natrix
tessellate) has been registered in the area as a specially protected species [13]. It is a critically
endangered species in the Czech Republic and its number is being monitored. Since then,
all work on the reservoirs is carried out in the period when the viper hibernates. The Dulka
Mine was closed in June 2015. Currently, there are six water ponds with a total area of
215,872 m? (Figure 1A) [9].

2.2. Sampling

The selection of the monitored profiles was determined on the basis of availability
and stability throughout the period. A total of four monitoring profiles were selected (see
Figure 1A). The first sampling point (SP) was the Susanka River, more specifically the
tributary of the Susanecké Ponds. The second and third sampling points were two of six
ponds. The last sampling point was the SuSanka River, which flows from the last pond.
Consequently, the profiles observed in the Susanka River can show whether the pond
cascade has a positive effect on the self-cleaning processes. Water sampling was chosen to
meet the minimum number of 12 samples from each sampling point to assess surface water
quality in accordance with the standard CSN 75 7221 [14] between March and October 2022.
The sampling was carried out at intervals of 14 days, every time at 7 a.m. If the sampling
date fell on a rainy day or after the rain, the sampling was performed at an alternative date
in order to avoid results distortion (turbidity, dilution).
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Sampling site-Susanecké Ponds, Havifov City

® Sampling point

Figure 1. The simplified sketch map of the Susanecké Ponds (A—sampling points, B—localization in
Czech Republic) (adopted by [15]).

Water sampling and filling of the sample bottles were carried out in accordance with
the standards CSN EN ISO 5667-1, CSN ISO 5667-4, CSN EN ISO 5667-6, and CSN EN ISO
5667-6 change A1l in [16-19]. For sampling, a PP 600 mL beaker connected to an aluminum
telescopic sampling rod by a snap-in joint was used. Before the actual sampling, the sampler
beaker and the PP and glass sampling bottles were rinsed several times with sampled
water in the sample site. For the chlorophyll-a indicator, the samples were collected in dark
glass sample bottles with a volume of 0.5 L. For other monitoring indicators, the samples
were filled into a PP sample bottle with a volume of 2 L. All sample bottles were properly
labelled with the number of samples and date of collection. The handling and storage of
samples was carried out in accordance with the standard CSN EN ISO 5667-3 in [20]. The
samples were placed in coolers and transported to the laboratories of the Department of
Environmental Engineering at the Faculty of Mining and Geology of the VSB-Technical
University of Ostrava.

2.3. Measurements

The 48 water samples were characterized by 20 physicochemical and biological pa-
rameters, including temperature, water reaction (pH), dissolved oxygen (DO), electrical
conductivity, turbidity, 5-day biochemical oxygen demand (BOD), chemical oxygen de-
mand by dichromate (COD), total phosphorus (Ptot), nitrate nitrogen, ammonia nitrogen,
chlorophyll-a and metals (Fe, Mn, Cu, Zn, Ni, Pb, Co, Cd, Cr). Temperature, pH, electrical
conductivity and DO values were measured at the sample site. The measurements were
performed using multiple WTW pH/Cond multimeter (WTW, Weilheim, Germany) and
HQ 30d oximeter (HACH Company, Loveland, CO, USA). Rest analyses were carried out
using standard methods in the laboratories of the Department of Environmental Engineer-
ing. The UV-VIS spectrometer DR 3900 (HACH Company, Loveland, CO, USA) was used
to measure turbidity, Pyor, nitrate nitrogen, ammonia nitrogen and chlorophyll-a. Metals
were performed using the AAS VARIAN AA280FS (Agilent, Santa Clara, CA, USA).

2.4. Data Analysis

The resulting values of the monitoring parameters were assessed according to the
standard CSN 75 7221 Classification of surface water quality in [14], Government Regulation
No. 401/2015 Coll. on indicators and values of permissible pollution of surface water and
wastewater, the requirements for permits for the discharge of wastewater into surface water
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and sewers and on sensitive areas, as amended, and the Environmental Quality Standards,
which are annexed to the No. 401/2015 Coll. for specific pollutants for surface water bodies
and the values of permissible pollution of surface water used for water supply purposes.
The annual average (AA-EQS) and maximum allowable concentrations (MAX-EQS) were
then used for the assessment in [21]. The samples were set up and processed in MS Excel.

The classification of water quality in accordance with CSN 75 7221 was performed
by comparing the calculated characteristic values of the indicator with the corresponding
limit valve sets. The characteristic value of the water quality indicator is the value with a
probability not exceeding 90%. The characteristic value of chlorophyll-a is the maximum
value of a specified number of measured values for the growing season from March to
October as prescribed in the standard. Water quality is classified separately for each
indicator. The resulting class of the monitoring profile must be determined by the most
negative classification found for each selected indicator. In Table 1, a list of monitoring
indicators and the intervals of the individual classes of monitored indicators are provided
in accordance with CSN EN 75 7221.

Table 1. List of water quality indicators for the classification of Susanecké Ponds (adapted from [14]).

Quality Classes
Quality Indicator Unit
I II 111 v \Y%
Electrical conductivity mS/m <40 <70 <110 <160 >160
DO mg/L >8.5 >7.5 >6 >4 >4
N-NO3; ™~ mg/L <3 <6 <10 <13 >13
N-NH,* mg/L <0.3 <0.7 <2 <4 >4
Pror mg/L <0.05 <0.15 <0.4 <1 >1
BOD mg/L <2 <4 <8 <15 >15
COD mg/L <15 <25 <45 <60 >60
Chlorophyll-a ug/L <10 <25 <50 <100 >100
Mn pg/L <100 <300 <500 <800 >800
Zn ng/L <15 <50 <100 <200 >200
Curor pg/L <5 <15 <30 <60 >60
Fe pg/L <500 <1000 <2000 <3000 >3000
Cr pg/L <5 <15 <35 <70 >70
Cdror pg/L <0.1 <0.5 <1 <2 >2
Co ug/L <1.5 <3 <6 <12 >12
Nitor pg/L <3 <6 <12 <40 >40
Pbror pg/L <3 <8 <15 <30 >30

3. Results and Discussion
3.1. Water Quality Assessment in Accordance with GR No. 401/2015 Coll.

The Government Regulation (GR) No. 401/2015 Coll. does not include limit values of
permitted pollutants for electrolytic conductivity, turbidity and chlorophyll-a. The trends
of monitored water parameters of the Susanecké Ponds SPs (SP1-SP4) in the monitoring
period from March to October 2022 are shown in Figures 2—4.

Figure 2A shows how the temperature changed throughout the measurement process.
At the beginning of the March measurement period, the temperatures rose gradually. In
early August, the highest temperatures in the SP2, SP3 and SP4 samples were recorded,
with the annual average (AA) temperature not exceeding 29 °C. In contrast, the lowest
temperature (4.4 °C) was measured at the beginning of the SP4 growth season.

As shown in Figure 2B, the measured values were within the permissible pH value
limit based on the GR, so it can be concluded that the Susanecké Ponds, its inflow and
outflow, meet the government-mandated parameters.

Figure 2C shows the DO pattern during the growing season. The DO values decreased
during the measurement period. However, fluctuation was observed during the period
from June to July. According to the GR, the annual average DO value should be more than
9 mg/L. All SPs, except for SP2, with an average value of 8.91 mg/L, meet the GR.
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Figure 2. Water parameter trends at the Susanecké Ponds sample points during the monitoring
period from March to October 2022—part I (A—temperature trend, B—pH trend, C—DO trend,
D—el. conductivity trend, E—BOD trend, F—COD trend).

The electrical conductivity values (in Figure 2D) remained constant during the study
period. The lowest value was 40.6 mS/m in March, and the highest value was 92.6 mS/m
in September.

During the monitoring period, most samples showed variations in the BOD values
measured (Figure 2E). However, in early August, when the values of the SP3 and SP4
samples gradually reached their maximum values, the biggest change was observed. The
next major change occurred in early October, when all values dropped to less than 0.5 mg /L.
The GR established an average permitted BOD (five day) value of 3.8 mg/L. After adjusting,
the average value was found to be greater than the values of three samples, namely SP2,
SP3 and SP4. As a result, the SuSanecké Ponds and its outflow did not comply with the
parameters prescribed by the government.

The course of the COD values measured is shown in Figure 2F. COD showed a decrease
in the early spring. From May, there was a change in values as they gradually increased.
The AA COD value according to the GR was 26 mg/L. After the average, it was found
that the three SPs, namely SP2, SP3 and SP4, exceeded this value. Therefore, the Susanecké
Ponds and outflow did not meet the government mandated parameters.

The development of nutrients is shown in Figure 3A-C. The increase in values may be
related to the addition of spring fertilizers in agricultural areas and to additional feeding
by fishermen during the fishing season. The AA value of ammonia nitrogen (0.23 mg/L)
was exceeded at all SPs, so the SuSanecké Ponds, inflow and outflow did not meet the GR
parameters. Neither the storage nor the self-cleaning capacity regarding nutrients was
confirmed; everything that flows into the ponds flows out. There is evidence of phosphorus
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release in the ponds, which could be influenced by the anoxic conditions at the bottom of
the sediments. This is also reflected in the development of chlorophyll-a.
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Figure 3. Water parameter trends at the Susanecké Ponds sample points during the monitoring
period from March to October 2022—part II (A—N-NH* trend, B—N-NO3~, C—Pror trend,
D—chlorophyll-a trend, E—turbidity trend).
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Figure 3E shows an increase trend of turbidity values from SP2 to SP4. For SP1, the
turbidity value was approximately 2 NTU over the entire monitoring period, but this value
only increased to 4.34 NTU in October. In September, SP2 achieved the highest turbidity
value, 15.75 NTU. Conversely, at the end of June, the lowest value was 0.7 NTU in SP1.

Similarly, the development of metal concentrations is shown in Figure 4. The AA
values according to EQS for Mn, Zn, Cu and Fe were not exceeded. Metals—Cd, Cr,
Co and Pb—were not evaluated because their concentrations were below the detection
limit. Specifically, the concentration of Cdror was less than 1 pg/L, and the others were
less than 10 pg/L. In case further monitoring is required, the ICP-MS method would be
more appropriate.

3.2. Water Quality Assessment in Accordance with the Standard CSN 75 7221

As mentioned in Section 3.1, metals Cd, Cr, Co and Pb were not evaluated because
they were below the detection limit. The classification of the individual SPs into water
quality classes is shown in Tables 2 and 3. Because the chlorophyll-a value from March to

May was not measurable, only the values from June were included.

Table 2. Classification of SP1 and SP2 into water quality classes during the monitoring period.

. . . Number of Arithmetic . Qualit Total
Quality Indicator Unit Determinations Mean Median Coo Classy Classification
SP1—Tributary of the Susanka River
Electrical conductivity = mS/m 12 71.36 75.45 80.79 III
DO mg/L 12 9.87 10.15 6.35 111
N-NO3;~ mg/L 12 0.74 0.42 1.65 I
N-NHg* mg/L 12 0.32 0.26 0.34 111
Pror mg/L 12 0.11 0.10 0.14 I
BOD mg/L 12 3.56 3.21 5.45 111 I
COD mg/L 12 19.04 13.00 29.03 111
Chlorophyll-a ng/L 7 0.26 0.29 0.59 * I
Mn ng/L 12 84.58 88.50 119.58 11
Zn ng/L 12 32.25 22.5 55.52 111
Curor ng/L 12 7.75 5.00 5.00 I
Fe ng/L 12 184.58 139.50 332.38 I
SP2—Pond No. 1
Electrical conductivity =~ mS/m 12 66.55 69.50 70.54 1
DO mg/L 12 8.91 8.95 7.03 111
N-NO3~ mg/L 12 0.10 0.11 0.17 I
N-NH,* mg/L 12 0.28 0.28 0.37 I
Pror mg/L 12 0.13 0.13 0.22 111
BOD mg/L 12 4.09 3.95 5.76 111 v
COD mg/L 12 28.27 24.32 41.46 111
Chlorophyll-a pg/L 7 39.62 37.02 64.02 * v
Mn ng/L 12 27.25 14.00 35.14 I
Zn pg/L 12 31.83 18.00 4494 I
Curor pg/L 12 10.41 5.00 10.68 11
Fe ng/L 12 60.83 415 119.90 I

Note: (*) In case of the chlorophyll-a indicator, the maximum value of all measured values is taken.

The water quality of SP1, a Susanka River tributary, was classified as water quality
class III—polluted water, based on the values of the parameters shown in Table 2. This
quality class is characterized by the following: water affected by human activity, and water
quality indicators do not correspond with values suitable for a balanced and sustainable
ecosystem. The water quality of SP2, Pond No. 1, was classified as water quality class
IV—highly polluted water, based on the parameters listed in Table 2, when the chlorophyll-
a parameter was the worst. This quality class is described as follows: water is heavily
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influenced by human activity, and water quality indicators indicate values that are not
suitable for a balanced and sustainable ecosystem. The water quality of the remaining two
SPs (SP3—Pond No. 2 and SP4—outflow to Susanka River) were also classified as water

quality class IV based on the indicators BOD, COD and chlorophyll-a listed in Table 3.

Table 3. Classification of SP3 and SP4 into water quality classes during the monitoring period.

. . . Number of Arithmetic . Qualit Total
Quality Indicator Unit Determinations Mean Median Coo Classy Classification
SP3—Pond No. 2
Electrical conductivity mS/m 12 60.63 61.35 63.26 II
DO mg/L 12 9.34 9.00 7.04 11T
N-NO3; ™~ mg/L 12 0.08 0.06 0.14 I
N-NH,* mg/L 12 0.31 0.30 0.39 II
Pror mg/L 12 0.10 0.08 0.17 11T
BOD mg/L 12 6.17 6.07 9.19 v v
COD mg/L 12 33.86 27.00 58.76 v
Chlorophyll-a ng/L 7 71.52 82.63 97.42* v
Mn ug/L 12 39.25 18.50 73.62 I
7n ug/L 12 23.58 14.00 48.90 1I
Curor ng/L 12 8.50 5.00 14.14 II
Fe ng/L 12 98.16 90.00 145.68 I
SP4—Susanka River outflow
Electrical conductivity =~ mS/m 12 66.27 64.51 75.44 III
DO mg/L 12 10.36 10.65 6.90 111
N-NO3;~ mg/L 12 0.48 0.20 1.19 I
N-NH4* mg/L 12 0.39 0.33 0.51 11T
Pror mg/L 12 0.48 0.20 1.19 I
BOD mg/L 12 5.68 3.70 12.32 v v
COD mg/L 12 31.70 32.67 55.84 v
Chlorophyll-a ng/L 7 71.28 76.11 88.71* I\%
Mn ug/L 12 81.41 90.50 123.20 1I
/n ng/L 12 32.83 29.50 60.00 11T
Cutor ng/L 12 6.83 5.00 5.92 II
Fe ug/L 12 23941 211.50 410.70 I

Note: (*) In case of the chlorophyll-a indicator, the maximum value of all measured values is taken.

4. Conclusions

According to the evaluation of the data based on the standard CSN 75 7221 and
Government Regulation No. 401/2015 Coll. it was found that the area of Susanecké Ponds
does not meet the GR limit values for three of the parameters, namely for ammonia nitrogen,
BOD and COD. According to the standard, the area is largely classified as the water quality
class IV. This fact can be attributed to the earlier use of Susanecké Ponds as waste reservoirs,
which served as “wastewater treatment plants”, expanded agricultural activity in the area,
abundant population and constantly growing industrial activity. It is obvious that the
quality of the water in the ponds and the SuSanka River will be significantly affected
by these factors. In conclusion, it can be stated that the water quality indicators of the
Susanecké Ponds reach the values of heavily polluted water. The self-cleaning effect of the
SuSanecké Ponds has not been proven; the water quality has deteriorated.

Currently, the City of Havifov is considering the revitalization of the surroundings of
Susanecké Ponds and their use as a water element in a possible urban forest park. Therefore,
in future steps it would be advisable to measure flow and runoff conditions.
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