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SUMMARY 

Urban lakes supply many ecosystem services and are very much appreciated for recreational 
activities. For this, water quality is a key aspect. In this work, we monitored water physical-chemical 
variables, including temperature, pH, electrical conductivity (EC), total dissolved solids (TDS), 
nitrogen (N), phosphorus (P), and potassium (K) concentrations in an urban lake located in Vilnius 
in Summer and Autumn. Per season, 20 samples were collected. The results showed that 
temperature, pH, EC, N, P and K were significantly higher in Summer than in Autumn, while the 
opposite was identified in TDS. pH and temperature were negatively associated with TDS, and pH, 
EC, N, P and K were negatively associated with the previous elements. Data variability was higher 
in the Summer than in the Autumn. Overall, the highest concentrations of nutrients combined with 
high temperatures can promote water eutrophication and reduce the lake's capacity for recreation. 
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Introduction 
 
Urban lakes are essential for supplying ecosystem services such as recreation. They are highly appreciated 
for their ecological role and aesthetic appeal (Petriki & Bobori, 2024). Water quality is one of the prime 
factors affecting the attractiveness of lakes for recreation. Monitoring water quality is essential to understand 
the lake's ecological status. These efforts are important to the residents and communities surrounding urban 
water bodies. Also, pollutants in water bodies can migrate into groundwater systems, potentially 
compromising the drinking water quality (Harter, 2015). In addition to pollution migration concerns, urban 
lake's physical and chemical properties play a critical role in maintaining good water quality.  
This study aims to assess the water nutrients of an urban lake in Vilnius (Lithuania). The research analyses 
seasonal variations in key physio-chemical parameters, including temperature, pH, electrical conductivity 
(EC), total dissolved solids (TDS), nitrogen (N), phosphorus (P), and potassium (K) concentrations.  
 
Methods 
Study area. Vilnius is Lithuania's capital and largest city, occupying an area of 401 km2 (State Enterprise 
Centre of Registers, 2021), with a population of 601,952 (OSP, 2024). The average annual temperature is 
+8.1 °C (2016 to 2020). The coldest month is January (−3.5 °C), and the warmest is July (+17.8 °C) (1971–
2000) (Lithuanian Hydrometeorological Service, 2025). The Cedronas urban lake (54.729223° N 25.284449° 
E) is in the Baltupiai district of Vilnius (Fig. 1). The lake has an area of 1.78 ha. 
It is well-known for recreational activities such as walks, picnics, and angling. During the warm summer 
months, it becomes an attraction for the inhabitants of surrounding areas as a bathing and sunbathing site. 
The water quality is important for the local users. However, it is not an official bathing site; therefore, water 
quality here is not monitored to ensure suitability for bathing. 
 

 

Figure 1 Study area. 
 
Data collection. Twenty sampling points were established in the shore of the lake (Figure 1). In each 
sampling point, five measurements were done. The value of each point corresponds to the average of the five 
measurements. The data presented here is from two sampling campaigns, one conducted in June (Summer) 
and the other in November (Autumn) of 2024. The methods applied in this study were instrumental 
measurements of water quality values at select sampling points. Temperature, pH, EC, N, P and K were 
measured using a portable handled measurer, NPKPHCTH-S. TDS was measured using a TTestTrust device. 

https://www.sciencedirect.com/science/article/pii/S0048969722056893?via=ihub#bb0525
https://www.sciencedirect.com/science/article/pii/S0048969722056893?via=ihub#bb0525
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Data was collected in the field using the MerginMaps application1. Differences between seasons were 
assessed using a non-parametric Wilcoxon rank sum test. Significant differences were considered at a p < 
0.05. A principal component analysis (PCA) based on the correlation matrix and a variable rotation was 
applied to identify associations between the variables. Principal components 1 (PC1) and 2 (PC2) were 
mapped to assess PC’s spatial pattern. Statistical analyses were conducted using JASP 0.19.3 (JASP Team, 
2024), RStudio 2024.12.0 (R Core Team, 2024) and ArcGIS pro.  

 
Results 
 
Temperature, pH, and EC were significantly higher in the Summer than in the winter, while TDS, N, P, and 
K were significantly higher in the Autumn (Table 1). PCA identified two factors. The first one explained 47 
% of the variance and had high loadings in P, N, K, and EC. Factor 2 explained 38.7% of the variance and 
had higher negative loadings in TDS and positive loadings in temperature and pH (Table 1).    
 
Table 1 Water nutrients variables descriptive statistics. The values in the table indicate the median (1st 
quartil, 3rd quartil). 
  Summer Autumn Wilcoxon p<value 
Temperature (°C) 31.400 (29.656 | 32.169) 5.438 (5.800 | 5.075) p<0.05 
pH 8.345 (7.751|8.463) 6.664 (6.628|6.756) p<0.05 
Electrical conductivity (mS/m) 313.625 (234.563 | 384.625) 295.875 (283.625 | 315.625) p<0.05 
Total dissolved solids (ppm) 293.625 (291.188 | 298.875) 346.250 (342.875 | 350.125) p<0.05 
Nitrogen (mg/l) 20.375 (15.938 | 24.313) 20.375 (19.500 | 21.188) p<0.05 
Phosphorus (mg/l) 31.125 (25.188 | 35.438) 29.500 (28.125 | 30.625) p<0.05 
Potassium (mg/l) 64.125 (49.750 | 182.375) 60.125 (57.688 | 179.266) p<0.05 
 
Table 2. Principal Components 1 and 2. 

 PC1 PC2 
Phosphorus 0.964  

Nitrogen 0.946  

Potassium 0.886  

Electrical conductivity 0.798  

Total dissolved solids  -0.981 
Temperature  0.967 
pH  0.885 

 
Figure 2 shows the relation between PC1 and PC2. It is visible that temperature and pH have an inverse 
relation with TDS. P, N, K and EC had a negative association with the temperature, pH and TDS. It is also 
noticeable that the number of cases is lower in the Summer than in the winter. Overall, it is visible that the 
season affects water's physical and chemical parameters. Temperature was expected to be higher in the 
Summer than in the Autumn. The high concentration of elements, such as K or P (e.g., Shrestha and Basnet, 
2018), likely affected EC values from water discharge into the lake. Although there were significant 
differences in N, P and K, the values differences were not substantial, showing that there were not many 
differences between the seasons. Nevertheless, the highest values of pH, EC, N, P, and K can be associated 
with the higher discharges into the lake, which bring more nutrients during spring and summer rainfalls. The 

 
1 https://merginmaps.com/ 
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input of N and P into water bodies is also a cause of water eutrophication, especially during the Summer 
when the temperatures are high (Sepulveda-Jauregui et al., 2018). The high levels of TDS during the Autumn 
can be related to the presence of elements of acid elements (e.g., heavy metals) since the highest levels of 
TDS occurred when pH was low. We must confirm this since we did not assess water metals or metalloids. 
Nevertheless, previous works observed that iron, aluminium or barium can increase TDS in water (Millar et 
al., 2016).      
 

 
 

Figure 2 PC1 and PC2 relation.  
 

Cedronas urban lake PC1 and PC2 scores are mapped in Figure 3. During the Summer, it is visible that in 
the northern and southern parts of the lake, PC 1 had negative values, meaning that there were reduced levels 
of P, N, K, and EC. On the other hand, in some places located in the eastern part of the lake, PC1 had high 
values, which shows that the abovementioned elements have a reduced value here. This area is connected to 
a small stream with no stagnant water. Therefore, P, N, K and EC concentrations are expected to be low. In 
Summer, PC2 had positive values in some points located in the north and south of the study area, showing 
that TDS were high and temperature and pH were low here. Finally, in the winter, the most evident factor 
was that PC2 had negative values, meaning that TDS concentrations were high.    
 

  
 
Figure 3 PC1 and PC2 scores mapping in  Cedronas urban lake. A) Summer and B Autumn.    

 
Lake water quality is essential for recreation, and in this work, it was clear that it was different in summer 
and autumn. Although not in a great difference (N, P and K), the concentrations of some of these elements 
were higher in the Summer than in the winter, increasing the risk of eutrophication, especially when water 
temperature is high. This may decrease the attractiveness of this lake for recreation since the water has a 
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greenish colour due to the high accumulation of different nutrients. Local authorities should invest more in 
monitoring water bodies in urban areas because they can threaten human health if they are excessively 
polluted.      
 
Conclusions 
 
This monitoring work showed that temperature, pH, EC, N, P and K were higher in the Summer and TDS 
was higher in the Autumn. The PCA conducted showed that P, N, K and EC were associated positively, while 
TDS and temperature and pH were associated negatively. The parameters assessed variability were higher in 
the Summer than in the Autumn. PC1 and PC2 mapping showed that there are also some spatial variability.     
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