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ABSTRACT
This article investigates the changes in water quality in the Mastník bay, a part of the Slapy Reservoir located at the Vltava River, dur-
ing the 2015–2019 period. Due to the occurrence of drought conditions smaller streams in rural areas of Czechia have suffered from 
a low water quality, especially in the summer. For these reasons, the Mastník stream contributes to the abnormal eutrophication of 
the Mastník bay. Since the exchange of water between the bay and the rest of the Slapy reservoir has been limited, a large increase 
in the phytoplankton biomass has been observed in the Mastník bay. Consequently, the concentrations of chlorophyll in the Mastník 
bay increased over the last 15 years, with the chlorophyll-α concentration exceeding 500 μg I−1 during the summer months in several 
cases. Based on the concentrations of total nitrogen, total phosphorus, chlorophyll and water transparency measured by this study, 
the Mastník bay is evaluated as being hypertrophic. In contrast, no significant effect of the Mastník bay on the concentrations of the 
monitored parameters has been demonstrated in the remaining parts of the Slapy Reservoir.
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1. Introduction

Two important goals of water resources manage-
ment are to restrict pollution sources and to prevent 
worsening of surface water quality. Eutrophication 
has become the primary problem facing most surface 
water bodies worldwide (Guo et al. 2018). Climate 
change also had a significant negative effect on water 
quality (Viney et al. 2007). According to research 
results, water management is an area that could be 
highly affected by climate change, especially in rela-
tion to water temperature and discharge (Novický 
et al. 2006).

Small watercourses in rural areas often show many 
unsecured water pollution sources. Restriction of 
water pollution sources is a major theme in the expert 
community. Surface water quality has improved over 
the last 25 years, primarily as a result of restriction of 
pollution point sources through the closing of many 
factories, reconstruction and modernization of tech-
nological methods in industry, and the building or 
modernization of sanitation and wastewater treat-
ment plants (WWTPs) (Government of the Czech 
Republic 2018). Despite these efforts water quality of 
some small watercourses is still very poor. The prob-
lem of diffuse sources of water pollution such as rural 
settlements and agriculture remains unsolved (Taylor 
et al. 2016).

Primary production, especially that of phytoplank-
ton, is used as a sensitive and accurate indicator for 
eutrophication assessment. Rosa and Michelle (2007) 
asserted the chlorophyll-α is the best practical meas-
ure of eutrophication problem. The chlorophyll-α 
level is related to a great number of hydrological, 
geochemical and ecological variables that impact 
phytoplankton growth (Park et al. 2015). In general, 
during the growing season eutrophication of lakes 
and reservoirs is strongly dependent on the release of 
nutrients, especially phosphorus, leading to increased 

phytoplankton production (Smith 2013). The conse-
quences show that the most significant risk for river 
eutrophication is posed by point rather than diffuse 
phosphorus sources, even in rural areas with high 
phosphorus losses in agriculture (Jarvie et al. 2006). 
Classification of lakes based on various methods and 
indices have been made by various workers. The clas-
sical and most commonly used method, based on the 
productivity of the water body, is the biomass relat-
ed trophic state index (TSI) developed by Carlson 
(1977). Based on the TSI and similar index, trophies 
of lakes and reservoirs around the world have been 
elucidated (Burns et al. 2005; El-Serehy et al. 2018; 
Guo et al. 2018; Hamilton and Parparov 2010; Prasad 
2012; Worako 2015).

The Mastník bay at the Slapy Reservoir was select-
ed as the object of this study. The objectives of this 
study were to describe the trophic state and water 
quality of Mastník bay and ascertain its effect on the 
Slapy Reservoir. Thus, nutrients and oxygen concen-
trations, water temperature and biomass in the Mas-
tník bay was investigated over three growing seasons 
(2016–2018).

2. Materials and methods

2.1 Description of the study area 

The Mastník catchment area is located in the cen-
tre of Czechia (Central Europe). The Mastník stream 
flows into the Slapy Reservoir at approximately river 
kilometre 103 of the Vltava River. Figure 1 shows the 
location of the catchment area, including the Slapy 
Reservoir. About 70% of the Mastník catchment area 
is part of the Agriculture Soil Fund, reflecting the pre-
dominantly agricultural character of the catchment 
(Mrkva 2018). Industrial production is marginal in 
the catchment. The Mastník bay is 4.7 km long and 

Tab 1. Limnological variables for the Mastník bay and the Slapy 
Reservoir.

Mastník bay Slapy Reservoir

Location Central Bohemia

Origin part of the 
Slapy Reservoir

built in  
1949–1955

Geographic coordinates 49.7334436N, 
14.4132933E

49.8238797N, 
14.4341139E

Length [km] 4.7 44

Depth [m] 0.5–40 max. 53, avg. 20.7

Width [m] 4–230 x

Volume [m3] 6 000 000 269 300 000

Catchment area [km2] about 330 12 900

Average inflow [m3·s−1] 1.26 83.4

Average outflow [m3·s−1] x 84.7

Average retention time [day] 55 36
Fig. 1 Location of the Mastník catchment and the Slapy Reservoir in 
Czechia.
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about 230 m wide near its mouth to the main part of 
the reservoir. The volume of the bay is approximately 
6 million m3, depending on the water level of the res-
ervoir. The Slapy Reservoir was built between 1949 
and 1955 and is the 6th largest reservoir in Czechia. 
Flow velocity in the Slapy Reservoir is low and the 
average retention time is 36 days (Procházková et al. 
1996). Limnological variables and characteristics of 
bay and reservoir are presented in Table 1.

2.2 Monitoring and dataset

Sampling in the field took place from May to Octo-
ber (growing season) from 2016 to 2018. A total of 
160 water samples were collected from six locations 
selected in the Mastník bay. Each sampling location 
is shown in Figure 2 (S2–S7). Mixed samples were 
taken at every sampling location. A mixed sample is 
defined as a sample from the upper water layer of 
the bay (max. depth 1.2 m). At locations S3 and S4 
vertical profiles from 5- and 10-meters depths were 
collected using a depth sampler, while at location S5 
only 5 meters depth (the bay bottom) was sampled. 
At these three locations the mixed sample is denoted 
Sx-1, the sample from a depth of 5 m Sx-2, and the 
sample from a depth of 10 m Sx-3. Further details are 
given in Table 2. 

The number of sampling cruises varied from year 
to year, with monthly observation of an entire grow-
ing season only in 2016 and 2018. In the field, the 
collected water samples were subdivided into plastic 
bottles and transported to the laboratory for analy-
sis immediately. Sample analyses were performed in 
the Laboratory for Water Protection at the Institute 
for Environmental Studies of the Faculty of Science 
of Charles University and in Water management lab-
oratories of the Vltava River Basin Authority. The 
largest number of parameters were analysis in 2018: 
N-NO₂−, N-NO3

−, total nitrogen (TN), N-NH₄+, P-PO₄3−, 
total phosphorus (TP) and chlorophyll-α (Chl-α). In 
contrast, in 2016 and 2017 the following parameters 

were analysed: N-NO3
−, N-NH₄+, P-PO₄3− and Chl-α. 

In most cases a YSI multiparameter probe was used 
to record basic physical characteristics such as water 
temperature (WT), dissolved O₂ (DO) and oxygen sat-
uration (SO) throughout the water column. In sever-
al cases, the entire water column was not measured. 
Data with multiparameter probe were measured at 
1 m intervals. Water transparency was measured 
using Secchi disc (SD), 20 cm in diameter and painted 
with contrasting black and white colours.

Tab. 2 Information about each sampling points.

Location name Distance to mouth [km] Width [m] Average depth [m] Samples

S2 0.55 249 25.0 mixed sample from surface to 120 cm

S3 1.30 102 20.0
mixed sample from surface to 120 cm, 
sample from a depth of 5 m,
sample from a depth of 10 m

S4 2.30 74 13.0
mixed sample from surface to 120 cm, 
sample from a depth of 5 m,
sample from a depth of 10 m

S5 3.30 54 5.0 mixed sample from surface to 120 cm, 
sample from a depth of 5 m

S6 4.00 54 1.5 mixed sample from surface to 120 cm

S7 4.30 30 0.7 mixed sample from surface to 120 cm

M1 8.10 3
Dataset from Vltava River Basin Authority (SOE)

R1, R2, R3

Fig. 2 Sampling locations.
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The authors’ dataset was extended with data 
provided by the Vltava River Basin Authority (SOE), 
which included vertically resolved sampling at three 
locations within the Slapy Reservoir, as well as on the 
last sampling location on the Mastník stream before 
it enters the Mastník bay (M1). One of the sites at 
the reservoir (R3) corresponds to the authors’ loca-
tion S2; the other sites (R1 and R2) are located up 
and downstream along the longitudinal axis of the 
reservoir (see Fig. 2). Data from SOE were available 
from 2005 to 2016 at monthly intervals from April to 
October. For reservoir locations, data from the entire 
water column and mixed samples (upper layer to 
max. depth of 2 m) were available. Unfortunately, the 
SOE dataset did not form a continuous series, and the 
number of monitored parameters varied by year. 

2.3 Assessment of water quality

Monitored water quality parameters in the Mastník 
bay were evaluated based on concentrations along 
longitudinal and vertical profiles. Emphasis was 
placed on ascertaining change in concentrations of 
nutrients and chlorophyll-α over time, enabling com-
parisons between the monitored years, especially 
between 2016 and 2018.

For the overall assessment of water quality, it is 
recommended to classify the results for two years. 
From the measured concentrations, the mean, median 
and characteristic value of C(90), which is defined as 
the value with a no-overrun probability of 90% were 
calculated. This value is based on the Czech Standard 
Classification of Surface Water Quality (ČSN 75 7221). 
In the case of evaluation of location M1, R1, R2 and 
R3, the two years 2015 and 2016 were used. There 
were 14 determinations available at location R1, 
R2 and R3. That mean the characteristic value was 
the second-highest when sorting concentrations in 
ascending order. In the case of dissolved oxygen, the 
series was formed in descending order. At a frequen-
cy of 24 or more values over the evaluated period (as 
at location M1), the value of C (90) was calculated 
according to the equation 1:

C(90) = (d90 · Ck−1) + (1 − d90) Ck (1),

where
Ck = k-th value in descending order
(for DO ascending),
Ck−1 = (k − 1)-th value in descending order
(for DO ascending),
and
d90 = variable value, calculated according to the 
equation 2:

d90 = (k − 10)/100 · (n + 0.4) – 0.3 (2),

where
n = number of values (24 or more)

and
k = variable value, which is calculated according to 
the equation 3:

k = 10/100 · (n + 0.4) – 0.3 (3)

and rounded up to an integer.

The most commonly used method for classifica-
tion and characterization of surface water trophic 
state is the trophic index. In this study, two indexes 
were used: Carlson’s Trophic State Index (CTSI) and 
Trophic Level Index (TLI). These methods use Secchi 
disc transparency and chlorophyll, TP and TN concen-
trations. CTSI can be used for regional classification 
of all surface waters, including streams and rivers in 
temperate climate. TSI was calculated according to 
the following equation 4 (Carlson 1977):

CTSI = [TS(TP) + TS(Chl) + TS(SD)]/3 (4),

where
TS(TP) = 14.42Ln(TP) + 4.15,
TS(Chl) = 9.81Ln(Chl-α) + 30.6,
TS(SD) = 60 − 14.41Ln(SD).

TLI, which also includes TN term, was calculated 
using the following equation 5 (Burns et al . 2005):

TLI = [TL(TP) + TL(TN) + TL(Chl) + TL(SD)]/4 (5),

where
TL(TP) = 2.92log(TP) + 0.218,
TL(TN) = 3.01log(TN) − 3.61,
TL(Chl) = 2.54log(Chl-α) + 2.22,
TL(SD) = 5.1 + 2.6log(1/SD − 1/40).

Based on the calculated values, the monitored pro-
files were classified into trophic classes. Division into 
classes is given in Table 3.

The dependence of chlorophyll-α on TP concentra-
tion was calculated using the correlation coefficient 
(CC). Due to the low number of observations, the CC 
results could not be considered as statistically signifi-
cant at a significance level of alpha = 0.05. Only 6 val-
ues are available it thy study. If the CC for 6 samples is 
higher than 0.7067, the dependence may be consid-
ered significant (Heo et al. 2008).

Tab. 3 Classes of trophic index.

TI classification CTSI TLI

Oligotrophic 21 to 41 2 to 3

Mesotrophic 41 to 50 3 to 4

Eutrophic 51 to 60 4 to 5

Supertrophic 5 to 6

Hypertrophic over 61 6 to 7
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By comparison of datasets from the R1 and R2 
locations, the possible effect of the Mastník stream 
on water quality in the Slapy Reservoir was evalu-
ated. In the case of longer time-series datasets from 
the reservoir (i.e. R1, R2 and R3), the Mann–Kenndall 
statistical test (MKT) was used to evaluate the trend. 
Seasonal MKTs were performed on year time-series 
of concentrations for the R1, R2, R3 profile and to a 
monthly time-series of concentrations for the M1 for 
the period 1995–2016. The significance of the trend 
was tested at a level of alpha = 0.1.

3. Results

3.1 Surface water quality in the Mastník  
catchment area

The last sampling location on the Mastník stream 
before it enters Mastník bay is the Radíč station (M1). 
This station represents the catchment load and yields 
concentrations of pollutants coming from most of the 
catchment area (approximately 81% of the catchment 
area). Because of high concentrations of chlorophyll-α 

and total phosphorus, the water at this sampling loca-
tion is identified as highly polluted (Mrkva 2018). The 
concentrations of all monitored parameters between 
1995 and 2016 decreased. For selected parameters, 
this trend was confirmed by the MKT test, which 
showed a significant downward trend in the case of 
TP, N-NH4

+, N-NO3
− and N-NO2−. Only in the case of 

chlorophyll-α a slight increase was observed, with the 
average concentration being 20.12 μg I−1 in 2002 and 
increasing to 28.9 μg I−1 in 2016. However, the results 
could not be considered significant. Also, in the case 
of surface water temperature, an increase in the aver-
age value was observed, from 9.9 °C in 1997 to 11.2 °C 
in 2016. WT varied between 10.6 °C and 20.2 °C in the 
growing season of the monitored period. The average 
water temperature during these growing seasons 
was 15.9 °C. During investigated growing seasons the 
average contribution of TP to the bay was 278 kg per 
month. In contrast, the long-term average TP load, 
which is based on concentration from year-round 
measurements, was 845 kg per month. Contribution 
of TN was 1450 kg per month during investigated 
growing seasons. These values were calculated based 
on the concentrations reached at the M1 station.

3.2 Seasonal variations of different water quality 
parameters in Mastník bay

3.2.1 Water temperature and oxygen regime
WT varied between 5.1 and 26.1 °C during the grow-
ing season in the monitored period. The coldest year 
was 2016, in which the surface layer water tempera-
ture varied between 10 °C in May and 21 °C in August. 
In 2017 and 2018 water temperatures exceeded 20 °C 
from June to September. The August maxima exceed-
ed 23 °C in 2017 and 25 °C in 2018, respectively. The 
minimum values for water temperature were record-
ed in October.

Vertical profiles at S1–S5 show significant temper-
ature stratification. In the summer months of 2018, 

Tab. 4 Water quality of state sampling station M1 (2015–2016).

Station M1

Component/Index Mean Median C (90)

Water temperature [°C] 11.21 11.50

Dissolved oxygen [mg I−1] 11.20 11.40 8.17

Saturation 02 [%] 102.17 99.00

TN [mg I−1] 4.28 3.70 6.86

N-NH4
+ [mg I−1] 0.10 0.10 0.20

N-NO3
− [mg I−1] 3.50 3.10 5.74

N-NO2− [mg I−1] 0.04 0.00 0.07

TP [mg I−1] 0.24 0.20 0.45

Chlorophyll-α [ug I−1] 28.98 20.50 55.00

Fig. 3 Thermal stratification – vertical profiles at S3 (2016, 2018).
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water temperature in the epilimnion was approx-
imately 26 °C, compared to a water temperature 
of approximately 14 °C in lower layers of the bay. 
Comparison of stratification development during 
the growing season is shown at S3 for both years in 
Figure 3. As can be seen from the figure, the thermo-
cline started during the summer at a depth between 
4 and 5 meters. In September and October of 2016 
and October of 2018, the temperature profile showed 
uniformity throughout the water column at ~12 °C 
and ~15 °C. However, it is necessary to include the 
effect of reservoir water level manipulation in inter-
preting these results, since in October the water level 
in the reservoir decreases every year. While the sam-
pling campaign started in April each year, the end of 
the spring circulation was not observed. In terms of 
longitudinal temperature development in bay, the 
difference between station S7 and S2 ranges from 
1 to 2 °C in mixed samples. Towards to station S2 the 
temperature increases.

The solubility of oxygen in water is affected by 
temperature, with the solubility of oxygen decreasing 
as water temperature increases. Figure 4 compares 
the average monthly OS and WT values of all moni-
tored stations in the growing season for the years 
2016, 2017 and 2018. From these average values, 
it is evident that the highest saturation values were 
reached in 2016, when the lowest water tempera-
tures occurred. The years 2017 and 2018 showed 
very similar patterns of relationship between these 
two parameters.

In the Mastník bay, oxygen concentration varied 
greatly from year to year. In 2016, there was adequate 
oxygen in the upper layer of bay water, compared to 
other monitored years. DO concentrations of 2016 
were usually higher than 7.5 mg  I−1. In 2016, oxy-
gen deficits occurred at greater depths, as shown in 
stratification diagram (Fig. 5). For example, the oxy-
gen concentration S33 samples, taken from depth of 
10 meters concentration decrease during the summer 

Fig. 4 Water temperature and oxygen saturation (comparison of growing periods, 2016, 2017 and 2018).

Fig. 5 Stratification of dissolved oxygen and oxygen saturation: vertical profiles at S4 in 2016.
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to value below 4 mg I−1. All concentrations lower than 
4 mg I−1 are highlighted in the Table 5. The table also 
shows higher oxygen concentrations in the part of 
the bay furthest away from the reservoir, which is the 
result of the inflow of fresh water from the basin and 
higher biological activity. In deeper zones, OS may 
remain below 100% due to the respiration of aquatic 
organisms and microbial decomposition. Additionally, 

these deeper levels of water often do not reach 100% 
oxygen saturation because they are not affected by 
waves and photosynthetic at activity near surface. 
The observed oxygen concentration in August of 2017 
fell below 40% oxygen saturation.

An example of oxygen stratification is represent-
ed in Figure 5. These diagrams show stratification in 
2016 during growing season at sampling location S4. 

Tab. 5 Dissolved oxygen concentration and oxygen saturation in Mastník bay.

2016

Month V VI VII VIII IX X

Station DO [mg I−1] OS [%] DO [mg I−1] OS [%] DO [mg I−1] OS [%] DO [mg I−1] OS [%] DO [mg I−1] OS [%] DO [mg I−1] OS [%]

S2 x x 9.29 109.80 9.31 115.30 7.65 87.30 9.76 94.60 7.00 63.90

S3-1 x x 9.28 109.30 9.36 116.50 7.20 78.80 10.26 99.80 10.24 92.80

S3-2 x x 8.76 89.30 6.82 68.90 9.00 91.30 7.76 75.70 4.36 39.80

S3-3 x x 5.23 53.80 6.49 60.30 3.40 33.60 7.52 73.30 3.87 35.40

S4-1 x x 9.62 115.80 7.70 96.70 7.49 84.10 10.63 103.90 9.80 88.50

S4-2 x x 8.87 92.70 5.95 60.70 9.34 96.70 10.38 101.50 4.55 41.40

S4-3 x x 2.31 22.70 3.45 33.10 3.26 32.80 10.37 101.20 3.88 35.20

S5-1 x x 12.32 150.60 9.21 116.40 13.79 161.40 10.76 105.40 10.11 90.00

S5-2 x x 7.57 90.60 2.36 25.30 9.49 102.80 12.26 116.10 x x

S6 x x 9.71 118.80 13.68 175.30 15.10 173.60 11.80 112.00 x x

S7 x x 13.12 160.00 10.29 130.10 7.69 86.80 13.59 126.20 x x

2017

Month V VI VII VIII IX X

Station DO [mg I−1] OS [%] DO [mg I−1] OS [%] DO [mg I−1] OS [%] DO [mg I−1] OS [%] DO [mg I−1] OS [%] DO [mg I−1] OS [%]

S2 x x 6.75 75.30 4.70 54.90 5.68 66.90 6.49 74.23 6.09 60.80

S3-1 x x 7.21 80.60 5.49 64.60 4.21 49.70 6.17 70.57 6.95 69.30

S3-2 x x 7.98 76.00 5.89 59.50 3.64 39.20 7.26 75.10 6.14 61.30

S3-3 x x 8.84 79.40 6.90 64.80 3.54 35.60 7.68 76.80 6.19 61.70

S4-1 x x 8.13 91.00 5.87 68.70 5.13 60.50 5.13 58.68 6.13 61.20

S4-2 x x 8.87 83.50 6.39 65.10 3.79 42.30 7.91 82.40 6.17 61.60

S4-3 x x 9.60 87.00 7.94 74.50 3.51 35.00 8.63 86.30 6.28 62.50

S5-1 x x 9.16 102.10 7.53 88.20 6.89 80.60 10.17 114.27 6.79 67.60

S5-2 x x 11.93 115.80 7.65 84.10 7.13 81.90 5.54 61.56 7.22 69.00

S6 x x 7.93 88.00 10.62 122.80 11.23 80.30 8.17 93.45 8.30 78.30

S7 x x 5.22 57.00 10.43 120.20 12.14 140.10 13.69 152.11 6.84 62.90

 2018

Month V VI VII VIII IX X

Station DO [mg I−1] OS [%] DO [mg I−1] OS [%] DO [mg I−1] OS [%] DO [mg I−1] OS [%] DO [mg I−1] OS [%] DO [mg I−1] OS [%]

S2 12.59 129.60 6.72 79.10 3.57 40.90 5.33 65.80 4.81 53.80 5.60 52.40

S3-1 12.90 132.90 7.78 92.10 4.39 50.50 6.35 78.10 5.43 60.30 3.80 38.00

S3-2 15.72 145.90 6.93 65.90 5.82 57.80 6.40 68.30 6.49 67.20 3.85 38.40

S3-3 17.35 144.90 7.01 62.30 6.50 59.80 7.42 70.10 6.96 66.80 3.86 38.60

S4-1 12.36 134.20 9.32 110.40 7.24 82.60 4.81 59.40 6.25 69.80 4.49 44.90

S4-2 13.91 134.40 8.25 79.30 7.76 77.60 8.42 89.50 6.75 71.80 4.65 46.40

S4-3 17.56 148.70 8.75 77.70 8.20 75.20 9.87 93.20 7.93 77.00 4.57 45.50

S5-1 15.45 158.20 8.24 98.20 8.63 97.90 10.98 134.90 6.86 76.20 4.80 46.70

S5-2 12.95 125.20 6.15 61.10 8.45 94.10 13.69 149.20 7.43 80.60 5.44 50.30

S6 10.95 116.00 8.01 94.40 8.64 97.70 3.44 42.00 7.80 86.20 12.40 117.20

S7 x x 10.17 117.40 11.60 129.60 x x x x x x
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The curve trend shows clustering of photosynthesiz-
ing algae at depth of 3–5 m, resulting in an oxygen 
saturation higher than 100%. A low oxygen zone (DO 
concentration below 4 mg I−1) in the lower part of the 
sampling profile (under 7 m) is also apparent. This 
can partly be explained by sinking of organic mate-
rial produced in the epilimnion to the thermocline, 
where oxidation reduces DO and oxygen saturation 
is about 50%. This low oxygen condition occurred in 
2016 in S3, S4 and S5 profiles. However, much higher 
amounts of oxygen in the epilimnion were observed 
during whole growing season 2016, which suggests 
high biogenic production by phytoplankton. In 2017, 
the low oxygen zone at the bottom was observed only 
in August, and in 2018 there were no observed low 
oxygen conditions at the bottom at all, with the excep-
tion of October, which was affected by the reduction of 
the water level by more than 1 m.

3.2.2 Nutrients concentration
Nutrients are primarily compounds of nitrogen, phos-
phorus and silicon. In this study, the effect of silicon 
was not considered. An average TP concentration of 
0.34 mg I−1 and TN concentration of 3.88 mg I−1 at the 
M1 station were measured. In the case of TP, this val-
ue is similar to the concentrations in the upper part 
of the bay, i.e. location S6 and S5. The concentrations 
ranged between 0.02 and 0.54 mg I−1. The maximum 
concentrations were found in July 2018. In the case 
of TN, the maximum concentrations were in May and 
June, when the concentrations exceeded 4 mg I−1. TN 
concentrations ranged between 1.6 and 4.5 mg  I−1. 
Higher TN values were found at greater depths. In 
the case of ammonia N, highest concentrations were 
found in September, when the concentrations exceed-
ed 0.6 mg I−1 along the entire longitudinal profile of 
the bay. In the case of TP concentrations gradually 
decreased in direction to the reservoir. Concentra-
tion changes from monthly observations along the 
longitudinal profile during 2018 are shown in Figure 
6, which shows that the highest entering concentra-
tions were observed in July. Except for May and June, 
an increasing trend in the longitudinal profile can be 

seen in the case of TN. Concentrations of TN ranged 
from 1.5 to 2.5 mg I−1.

Because high amounts of phosphorus increase 
growth of algal biomass (eutrophication process), the 
dependence of chlorophyll concentrations on TP was 
calculated using the correlation coefficient. Results 
calculated for each station in 2018 are given in Table 
6; results from mixed samples are highlighted. Due to 
the low number of observations, the correlation coef-
ficient (CC) results could not be considered as statisti-
cally significant. The required value is only significant 
for chlorophyll concentration at station S4, because 
CC is higher than 0.7067 (Heo et al. 2008). All CC val-
ues for mixed samples showed positive correlation 
but were insignificant.

3.2.3 Chlorophyll-α concentration  
and trophic indexes
In the summer months, high levels of phytoplank-
ton activity are clearly visible in the Mastník bay. 
Measurements of chlorophyll-α concentrations were 
used to estimate the total phytoplankton biomass. 
This method is simpler and faster than phytoplank-
ton sampling and counting. However, as chlorophyll 

Fig. 6 Longitudinal profiles of TP and TN concentrations along Mastník bay in 2018 (mixed samples).

Tab. 6 Significance of TP concentration and Chl-α concentration  
for 2018.

Station CC Significance

S2 0.28 x

S3-1 0.56 x

S3-2 −0.10 x

S3-3 0.11 x

S4-1 0.87 yes

S4-2 0.56 x

S4-3 −0.23 x

S5-1 0.70 x

S5-2 −0.33 x

S6 0.49 x
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Tab. 7 Trophic index for the Mastník bay in 2018.

Station
Components average value Trophic index

SD [m] TN [mg I−1] TP [mg I−1] Chl-α [μg I−1] CTSI TLI

S2 2.08 2.05 0.03 27.50 53.60 eutrophic 5.20 supertrophic

S3 1.50 1.95 0.04 41.33 58.15 eutrophic 5.51 supertrophic

S4 0.98 2.12 0.09 84.00 66.11 hypertrophic 6.09 hypertrophic

S5 0.81 2.13 0.17 152.83 71.31 hypertrophic 6.45 hypertrophic

S6 0.37 2.20 0.29 211.60 79.13 hypertrophic 6.96 hypertrophic

Overall total trophic index of Mastnik bay 65.66 hypertrophic 6.04 hypertrophic

concentration assumes all phytoplankton to have the 
same levels of chlorophyll-α, it provides only a rough 
estimate of biomass, and cannot be used to identify 
specific species. Chlorophyll concentration changes 
during the growing seasons of 2016 and 2018 along 
the Mastnik Bay can be displayed by sorting measured 
values of chlorophyll concentration into 5 categories. 
Figure 7 shows a schematic of chlorophyll concen-
trations divided into 5 classes based on values from 
mixed samples at different location. The schemes 

show that the upper part of the bay had much higher 
concentrations than elsewhere in the bay. Chlorophyll 
concentrations in the upper part of the bay exceed-
ed 100 μg I−1 (represented in red), and at some loca-
tion were above 500 μg I−1, as seen during July and 
August 2016. In 2018, lower values were observed 
at the same station. A maximum Chl-α concentration 
of 280 μg  I−1 was reached in August at S6. During 
the growing seasons in 2016 and 2018 the pattern 
of areal distribution (Fig. 7) was similar, showing 

Fig. 7 Classification according to chlorophyll concentration along the longitudinal profile of the bay during the growing season  
(comparison 2016–2018).
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decreasing concentrations in the direction of the reser- 
voir.

The numerical trophic index values for the Mast-
ník bay are given in Table 7. All indices clearly show 
the hypertrophic conditions of the bay. Hypertrophic 
refers to high levels of biological productivity charac-
terized by frequent and severe algal blooms and low 
water transparency. The average CTSI value for the 
bay was 65.66, indicating that the bay is at a hyper-
trophic level (Table 3) and ranged between 53.6 
(eutrophic) at station S2 to 79.13 (hypertrophic) at 
S6. The average TLI value was 6.04 and varied from 
5.2 (supertrophic) to 6.96 (hypertrophic).

3.2.4 Effect of nutrience of the Mastník bay on the 
Slapy Reservoir water quality
It is obvious from the results, that eutrophication 
problems in the summer months are more intense in 
the bay than in the reservoir. Based on data from 2015 
and 2016 for profiles (R1, R2) located on free water 
surface in the Slapy Reservoir, the difference in con-
centrations of parameters during the observed period 
is marginal (Table 8). Station R3 is very similar to R1, 

with the only differences concerning the chlorophyll 
concentrations, which are higher in R3 (Tab. 8). This 
fact has no impact on the profile R2, which is locat-
ed just behind the mouth of the Mastník stream into 
the Vltava river. For example, in 2016 average chloro-
phyll concentrations in stations R3, R1 and R2 were 
22.05 μg l−1, 15.9 μg l−1 and 14.6 μg l−1 respectively. 

Development of average chlorophyll concentra-
tion in mixed samples from Slapy sampling location 
during the growing season (May–October) is shown 
in Figure 8. The diagram shows that average concen-
trations increase over the years at each profile. The 
linear trend has a slight positive slope. This increase 
is also confirmed by the value of the MKT. However, 
except for July on the R1 and R3 profiles, this trend 
is not significant at the alpha = 0.1 level (Tab. 9). 
There is also a considerable variation between the 
years.

The numerical values of the trophic index for the 
Slapy Reservoir are given in Table 10. All indices 
show different conditions. The CTSI value was 52.43, 
indicating that the reservoir is at a eutrophic level 
(Table 3), meaning a water body with high biological 

Tab. 8 Water quality of sampling location at the Slapy Reservoir (mixed samples for growing season 2015–2016).

Station R1 R2 R3

Component/index Mean Median C (90) Mean Median C (90) Mean Median C (90)

Water temperature [°C] 17.22 18.00 16.96 17.95 17.25 17.95

Dissolved oxygen [mg l−1] 10.20 10.40 8.10 9.96 9.70 9.40 10.69 10.65 8.60

Saturation 02 [%] 105.27 109.00 101.69 105.00 110.51 112.50

TN [mg l−1] 2.31 2.35 3.00 2.39 2.45 3.20 2.31 2.30 3.20

N-NH4
+ [mg l−1] 0.04 0.03 0.06 0.04 0.03 0.06 0.04 0.03 0.06

N-NO3
− [mg l−1] 0.02 0.02 2.70 0.02 0.02 2.50 0.02 0.02 2.70

N-NO2− [mg l−1] 1.98 2.00 0.03 1.99 2.00 0.01 1.86 1.80 0.04

TP [mg l−1] 0.03 0.03 0.04 0.03 0.03 0.05 0.05 0.04 0.07

Chlorophyll-α [µg I−1] 13.05 8.05 35.00 13.13 7.40 40.00 21.03 20.50 50.00

Fe [mg l−1] 0.04 0.03 0.08 0.04 0.03 0.06 0.05 0.04 0.07

Fig. 8 Average chlorophyll-α concentration (2005–2016) at selected profiles in the Slapy Reservoir.
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Tab. 9 Trend analysis in time series using the MKT (2005–2016).

Station R1 R2

Period
Average vegeta- 

tion period
July August

Average vegeta- 
tion period

July August

Parameter MKT S. MKT S. MKT S. MKT S. MKT S. MKT S.

Temperature [°C] −1.17 x 1.35 x 1.35 x −0.62 x 0.81 x 0.00 x

Dissolved oxygen [mg l−1] 0.75 x 0.54 x 0.81 x 0.07 x 0.54 x 0.45 x

N-NH4 [mg l−1] 1.44 x 1.34 x 1.04 x 0.21 x −1.39 x 1.18 x

TP [mg l−1] −0.48 x 0.54 x 0.00 x −0.62 x 0.09 x 0.18 x

Chl-α [μg l−1] 0.89 x 2.60 YES 1.35 x 1.17 x 0.99 x 1.25 x

Station R3

Period
Average vegeta- 

tion period
July August

Parameter MKT S. MKT S. MKT S.

Temperature [°C] −1.30 x 1.35 x 0.36 x

Dissolved oxygen [mg l−1] 0.89 x 0.00 x −0.63 x

N-NH4 [mg l−1] 1.43 x −0.70 x 0.35 x

TP [mg l−1] 1.43 x −0.20 x 0.99 x

Chl-α [μg l−1] 1.03 x 1.79 YES 0.45 x

Tab. 10 Trophic index for the Slapy Reservoir in 2016.

Station
Components average value Trophic index

SD [m] TN [mg I−1] TP [mg I−1] Chl-α [μg I−1] CTSI TLI

R1 2.17 2.47 0.03 15.91 51.86 eutrophic 5.09 supertrophic

R2 2.24 2.54 0.02 14.50 49.80 mesotrophic 4.96 eutrophic

R3 1.87 2.51 0.05 22.50 55.63 eutrophic 5.37 supertrophic

Overall total trophic index 52.43 eutrophic 5.14 supertrophic

productivity, that can support an abundance of aquat-
ic plants. The average value of TLI was 5.14, indicating 
a supertrophic water body.

To assess longitudinal changes in concentrations of 
observed parameters in two vertical profiles (R1, R2) 
at the Slapy Reservoir and for the effect of the Mas-
tník catchment on reservoir water quality, diagrams 
of average concentrations of observed parameters 
(2005–2016) with depth interval of 5 meters were 
used (Figure 9). Diagrams show identical changes of 
average concentrations also in vertical profile. TP and 
NNO3

− concentrations show minor differences.
These data confirm the negligible effect of the Mas-

tník stream and dominance of internal water quality 
development in the bay. By the wide mouth of Mast-
ník bay, water masses mix only minimally due to low 
velocities. In summer months, under mean hydro-
logical conditions, the Slapy reservoir water mass 
behaves as a “dam”, which retains the hypertrophic 
waters of the Mastník stream in its bay. During sum-
mer eutrophication development proceeds intensive-
ly (Mrkva 2018). 

The average water retention time in the Slapy Res-
ervoir is 36 days, while the retention time in Mastník 

bay is 55 days. However, the retention time can vary 
greatly depending on the inflow. For example, in the 
summer of 2018, the water level on the M1 profile was 
below 90 cm several times. This water level means the 
drought at this location (Czech Hydrometeorological 
Institute). This level corresponds to a discharge of 
0.06 m3 s−1. The average inflow in 2018 in the grow-
ing season was only 0.15 m3 s−1, which is a very low 
value compared to the long-term average discharge 
(1.26 m3 s−1). Under low flow conditions, retention 
period would be 454 days.

4. Discussion

The physical and chemical indicators investigated 
in this research have been used to assess the water 
quality of the Mastník bay and to assess its impact on 
the Slapy Reservoir, a reservoir on the Vltava River in 
Czechia. Poor water quality of the Mastník catchment 
manifests itself in the Mastník bay. Significant phyto-
plankton development has been observed during the 
growing season (Mrkva 2018) Due to the low water 
velocity in the bay the water exchange with the Vltava 
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river is limited, resulting in favourable conditions for 
eutrophication.

Temperature is an important factor to consid-
er when assessing water quality. Temperature can 
alter the physical and chemical parameters of sur-
face waters. It affects the metabolic rate and biolog-
ical activity of aquatic organisms, the concentration 
of DO in water and the toxicity of compounds (Wet-
zel 2001). Photosynthesis and thus the reproduction 
of phytoplankton accelerates by heat until a certain 
optimum. In July and August between 2016 and 2018 
the surface water temperature in the Bay ranged from 
21 °C to 25 °C. These summer surface water tempera-
tures are similar to the average water temperatures of 
lakes in much warmer latitudes, such as Lake Hawas-
sa, Ethiopia, where the average water temperature is 
21.23 °C (Worako 2015), Lake Timshah in the Suez 
Strait, which averages 22 °C (El-Serehy et al. 2018) 
and Xinlicheng Reservoir with an average summer 
value of 22.6 °C (Guo et al. 2018). Minimum tempera-
tures were found in May and October, falling down to 
5 °C. In the summer months, significant temperature 
stratification was confirmed with temperature differ-
ence in the water column reaching 12 °C.

In the case of large and rapid death of phyto-
plankton, there may be a significant reduction in O2 

concentration at greater depths due to the consump-
tion of O2 during microbial decomposition of dead 
matter, often leading to low oxygen zones near the 
bottom. This may be the reason for the observed ver-
tical differences of oxygen in the Mastník bay. Waters 
with lower O2 saturation are usually below the ther-
mocline, where the oxygen content is not affected by 
surface waves and photosynthesis. In contrast, super-
saturation can often occur near the water surface due 
to high levels of photosynthesis or a significant change 
in temperature (Weitkamp, Katz 1980). This condition 
becomes evident in summer (Figure 5). At a depth of 
2 m, both the highest phytoplankton concentration 
and the highest O2 saturation occur, while below the 
thermocline at water depth of more than 5 m the sat-
uration decreases to 50%. The measured oxygen satu-
ration is also affected by the time of sampling, because 
in summer a strong change in temperature between 
day and night occurs, while at the same time change 
in radiation effect the photosynthetic activity of the 
algae. The largest production of oxygen by phyto-
plankton is in the morning. Overall, the measured data 
show that highest O2 concentrations and oxygen sat-
urations are observed in stations S7, S6 and S5. This 
is attributed to a nearby tributary to the bay, which 
provides nutrients for the growth of phytoplankton. 

Fig. 9 Comparison of stratification of different parameters at R1 and R2 locations of the Slapy Reservoir (average from 2005 to 2016).
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This view is supported by data on phosphorus and 
chlorophyll concentrations in this part of the bay. An 
average concentration of DO for the whole monitored 
period was 8.4 mg  I−1. In different reservoirs, for 
example in the Xinlicheng Reservoir in China, where 
the average concentration was 8.45 mg I−1. The sum-
mer average in this reservoir was 1 mg I−1 lower than 
average of the Mastnik bay (Guo et al. 2018). In the 
Feitsui Reservoir in Taiwan, which is located in an 
area with a subtropical oceanic climate, its mean DO 
value 7.14 mg I−1 (Chen 2014).

According to both indices of the trophic state, the 
state of the Mastník bay is hypertrophic. The profiles 
on the Slapy Reservoir show a better classification 
concerning the degree of trophy, with CTSI evaluating 
it as eutrophic and TLI evaluating it as supertroph-
ic. It should be noted that the overall condition of the 
bay is distorted by the profiles at the top of the bay. 
In the case of stations S2 and S3, the results are com-
parable to the Slapy Reservoir itself. Eutrophication 
is more pronounced in upper part of the Mastník bay 
due to its shallowness and the longer water residence 
time might also support eutrophication. The most 
important parameter affecting the evaluation of the 
trophic state of this bay appears to be chlorophyll, 
in contrast to the results of other investigations. For 
example, in the case of Lake Hawassa in Ethiopia, the 
TSI is 73, but the average chlorophyll concentration 
is 28 μg I−1, as compared to the average of the bay in 
this study (103 μg I−1). However, Hawassa has signif-
icantly higher concentrations of TP (Worako 2015). 
Xinlicheng Reservoir has been reported to have an 
average TSI value of 50.65, which indicates that the 
reservoir is generally in a eutrophic state (Guo et 
al. 2018). Lake Timsah has a TSI of 60 and a TLI of 
5.2, and significantly lower concentrations of Chl-α 
(20 μg I−1). However, it has also higher concentrations 
of TP (0.48 mg I−1) and TN (7.2 mg I−1) (El-Serehy et 
al. 2018) when compared to average concentrations 
(TP: 0.125 mg I−1; TN: 2.09 mg I−1) of the Mastník bay. 
The Feitsui Reservior has average TP concentration 
0.21 mg  I−1 and CTSI is in the range of mesotroph-
ic and eutrophic (Chen 2014). In New Zealand (NZ) 
lakes TLI values are significantly lower than values in 
the Mastník bay, averaging about 4.0, which ranks the 
lakes between mesotrophic and eutrophic. In addition 
to the significant difference in Chl-α concentrations 
between the Mastník bay and NZ lakes, there is also a 
large difference in transparency, which averages 5 m 
are in NZ lakes (Burns et al. 2005) when compared 
to the Mastník bay average of 1.15 m. Reservoirs on 
the Paranapanema River in Brazil showed similar 
indices as the Mastník bay, although different trophic 
indices have used for reservoirs in tropical and sub-
tropical areas (Pomari et al. 2018). Assessment of the 
trophic condition of a lake are often directly linked 
to water quality. However, in some cases, this is very 
inappropriate, since there are naturally eutrophic 
water bodies. It is therefore necessary to consider 

this information before directly relating trophic status 
in direct to water quality (Parparov 2010). Naturally 
eutrophication is not related with the Mastník bay, 
where eutrophication is affected by human activity 
and the pollution of the Mastník stream is the result 
of human activities.

In the case of TP, a slight predominance of point 
sources of pollution is observed in the Mastník riv-
er basin (Mrkva 2018). The concentration of TP dis-
charged into the Mastník recipient does not change 
significantly during the year. Thus, the benefit of TP 
from the river basin is not as crucial as its supply of 
TP in sediments that form throughout the season 
and especially at high flows, when the capabilities of 
WWTPs are reduced. In a relatively shallow bay, TP 
sediment is more readily available phytoplankton 
than in the deep reservoir itself. But the results of 
some studies demonstrate that sediment-derived P 
stimulates phytoplankton growth, but that its effect 
on phytoplankton dynamics is modulated by other 
factors, such as light (Cymbola et al. 2008).

5. Conclusion

High water residence times in the Mastnik Bay favour 
algal growth, especially during the growing season. 
Water quality parameters, which involved nutrients 
and oxygen concentrations, water temperature and 
phytoplankton biomass in the Mastník bay was inves-
tigated over three growing seasons (2016–2018) to 
describe the trophic state and water quality of the 
Mastník bay and ascertain its effect on the Slapy Res-
ervoir. Based on trophic indices, the bay can be clas-
sified as hypertrophic while the Slapy Reservoir itself 
is eutrophic. Total phosphorus concentrations in the 
bay are still high, even though the supply of phospho-
rus from the Mastník catchment area is decreasing. 
An increase of eutrophication and thus chlorophyll 
concentration can also be associated with increasing 
surface water temperatures and stronger thermal 
stratification, or by releasing TP from the sediment. 
However, the effect of the Mastník catchment on the 
concentration of the monitored substances of the main 
water body of the reservoir could not been proven.

Nevertheless, a small change in the quality of sur-
face water in a river basin can cause a change in the 
ecological characteristics of the whole stream and its 
surroundings. In the case of the Mastník bay, it is nec-
essary to reduce phosphorus inputs into the reservoir 
to prevent eutrophication. Improvement of WWTP 
efficiency and reduction of diffuse sources seem to 
be suitable measures. In the coming decades, water 
flows could be more affected by changing climate, as 
already observed in 2018. Rising air temperatures 
and changes in precipitation may result in deteriora-
tion of surface water quality despite all measures and 
investments made so far. It is necessary to continue 
devoting attention to this issue.
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