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Abstract: Lakes and reservoirs are an important sources of drinking water for human life. However, 
numerous water quality indexes show seasonal fluctuation under different climatic conditions. We 
conducted a one-year investigation of Taiping Lake in year 2022 to construct relationship between 
water quality parameters and water quality. High water temperature promotes the growth of algae, 
and the existence of N species could provide the essential nutrient substance for the growing of 
algae. Under the irradiation of sunlight, algae will consume carbon dioxide through photosynthesis 
and release oxygen which can raise oxygen levels in the water. However, the rapid growth of algae 
could influence the acid-base balance in water through the consumption of carbon dioxide; thus, 
resulting in the increasing of pH values. These pH changes may pose a threat to drinking water.  
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1. Introduction 

Lakes and reservoirs are an important source of drinking water for human life [1]. Water quality 
indices are important references for measuring drinking water quality. However, numerous water 
quality indexes show seasonal fluctuation, which indicates the variation of water quality under 
different climatic conditions [2]. Currently, global warming is one of the major environmental 
problems that challenges the further development of human society [3–5]. Considering the 
continuous effect of global warming, thermal cycling of lakes and reservoirs has been greatly 
influenced, resulting in increased variation of physicochemical processes [6,7].  

Over the past decades, atmospheric conditions have changed worldwide. These changes have 
affected the physicochemical properties of lakes and reservoirs [8,9]. According to previous works, 
multiple water quality indices show wide seasonal fluctuations especially in summer [10,11]. 
Enhanced algal growth is seen as a result of high temperatures, releasing oxygen through 
photosynthesis, increasing the content of oxygen in water, further promoting the growth of algae. 
Therefore, lakes and reservoirs can face serious environment pollution. Exploring the mechanisms 
controlling seasonal fluctuations of lakes and reservoirs is of great importance for the quality of 
drinking water and its safety. Rarely has research in this arena adopted systematic or holistic 
approaches. 
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We conducted a one-year water quality survey of Taiping Lake. Taiping Lake is an artificial 
reservoir in Huangshan city in Eastern China and one of the most important sources of local drinking 
water. Few studies have been reported about Taiping Lake and we lack a comprehensive 
understanding of the artificial reservoir and its seasonal fluctuations concerning water quality. The 
results of this one-year study should contribute to this understanding and provide information that 
can be used to assess the seasonal fluctuations in other artificial lakes. 

2. Materials and Methods  

Water quality surveys include the collection, preservation, and measurement of water chemistry 
and algal conditions. The sampling period of the program includes four seasons throughout the year 
and samples three sites (referred to as sites A, B and C) (Fig. 1 arises from Ministry of Natural 
Resources of China with map drawing approval number of No. GS (2022)4308). The water samples 
were collected from the three sites using 5 L containers (i.e., glass, plastic, and brown bottles). The 
containers were kept at 4 oC until laboratory analyses could be completed. Water temperature, pH, 
and dissolved oxygen (DO) were measured in situ (pH: PHBJ-260F, DO: JPB-607A, Water 
temperature: thermometer) [12]. Total phosphorus (TP), total nitrogen (TN), ammonia nitrogen was 
measured using UVmini-1280 [13]. Nitrate nitrogen was monitored by CIC-D120 [14]. Chlorophyll 
was investigated via UVmini-1280 based on HJ 897-2017. Algae was monitored based on SC/T9402-
2010 and SL219-98 regulation [15–17].  

Pearson's correlation coefficient is a metric used to describe relationships among variables. This 
method uses the covariance matrix of data to evaluate the strength of the relationship between two 
vectors. Normally, the Pearson's correlation coefficient between two variables, βi and βj, can be 
calculated as according to previous work [2]. 

 

 

Figure 1. Sampling point of the Taiping Lake. 

3. Results 

Water temperature and pH are two of the primary water quality parameters for lakes and 
reservoirs. Seasonal variations of pH and water temperature for sites A, B and C in Taiping Lake are 
shown in Fig. 2. Sites A, B and C exhibit similar temporal patterns for both pH and temperature, 
demonstrating the weak seasonal fluctuations of these parameters. Values of pH fluctuate displaying 
higher pH values in summer and relatively lower values in spring, autumn and winter. Conversely, 
water temperature increases from February to August, reaching the peak temperature in August. 
Then, the water temperature decreases after August in conjunction with the gradually cooling 
weather. Based on these results, it can be concluded that the water temperature is closely correlated 
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with climatic conditions in different seasons. Similarly, pH shows a strong correlation with 
temperature. 

 

 
Figure 2. Seasonal variations of pH and water temperature, (a) site A; (b) site B; (c) site C in Taiping 

Lake. 

Total phosphorus (TP) is the combination of various phosphorus species and is an important 
water quality parameter for investigating eutrophication of lakes and reservoirs [18]. Generally, TP 
is determined by combining the various forms of phosphorus converted to orthophosphate [19]. TP 
measurements at sites A, B and C in Taiping Lake are shown in Fig. 3. TP maintains a low 
concentration at sites A, B and C throughout the year. According to the environmental functions and 
protection objectives of surface water areas, it is divided into five categories according to the level of 
functions (GB 3838-2002) [20]. TP concentrations meet the criterion of Chinese surface water quality 
standards (Ⅱ) shown in Table 1. 

 

 

Figure 3. Seasonal variations of TP for sites A, B and C in Taiping Lake. 

Table 1. TP standard of for lakes and reservoirs based on GB 3838-2002. 

Index Ⅰ Ⅱ Ⅲ Ⅳ Ⅴ 

TP (mg/L) 0.01 0.025 0.05 0.1 0.2 

Like TP, total nitrogen (TN) is also an important water quality parameter for investigating 
eutrophication of lakes and reservoirs [21]. TN represents the combination of various organic and 
inorganic nitrogen species into a single measure [22]. As seen in Fig. 4, TN values at sites A, B and C 
display similar patterns with a continuous decline throughout the year from highs in April to lows 
in the September to November (except for site A). According to the results, the highest concentrations 
of TN were observed in April. 
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Figure 4. Seasonal variations of TN for sites A, B and C in Taiping Lake. 

Ammonia nitrogen is an important constituent of TN, which represents the form of free 
ammonia (NH3) and ammonium ions (NH4+) [23]. Increased concentrations of ammonia nitrogen in 
water bodies can often lead to the eutrophication of lakes and reservoirs [24]. Additionally, ammonia 
nitrogen can pose great risk to aquatic organisms by promoting algal growth and subsequent 
consumption of oxygen by microbial respiration, resulting in death of aquatic life and severe water 
deterioration [25]. In Fig. 5, similar seasonal patterns can be observed for ammonia nitrogen as seen 
for TN in Fig. 4. Ammonia nitrogen concentrations for sites A, B and C exhibit similar patterns with 
a continuous decline throughout the year. Concentrations of ammonia nitrogen reach the highest 
levels in April. Increased NH4+ could flow into the Taiping Lake by overland runoff during rainfall 
events and result in increased the concentration of ammonia nitrogen concentrations in the lake [26]. 

 

 

Figure 5. Seasonal variations of ammonia nitrogen at sites A, B and C in Taiping Lake. 

Nitrate nitrogen is another significant form of nitrogen and refers to the nitrogen contained as 
nitrate [27]. Nitrate nitrogen can be generated by the decomposition of organic matter in water and 
soil into ammonium salts and with further oxidizing can be an indicator of contamination [28]. In Fig. 
6, the concentration of nitrate nitrogen increases and reaches the peak value in April, which shows 
similar trend in comparison with the results of TN and ammonia nitrogen. The content of nitrate 
nitrogen reduces with continuous increasing of water temperature. Nitrate nitrogen almost 
disappears and, generally, could not be detected in high temperature waters. 

Dissolved oxygen (DO) is the amount of oxygen dissolved in water, which exists as molecular 
state. DO is one of the important indicators of water quality [29]. High levels of DO favor the 
decomposition of water pollutants and purifies the water body promptly. As can be seen in Fig. 7 a-
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c, DO concentrations at sites A, B and C of Taiping Lake show similar trend. DO displays a higher 
concentration in February, March and April which shows a lower level in August, September and 
October but still maintain a high DO content. Water temperature, consumption of aerobic organic 
matter by aerobiont and reoxygenation by photosynthesis of phytoplankton are mainly responsible 
for the greatly fluctuation of DO [30]. 

 

 

Figure 6. Seasonal variations of nitrate nitrogen at sites A, B and C in Taiping Lake. 

Chlorophyll (Chl) is an important indicator for estimating phytoplankton biomass [31]. The 
primary productivity and eutrophication level of water can be measured by monitoring the 
chlorophyll content of phytoplankton in water. According to results shown in Fig. 7 a-c, Chl 
concentrations maintain a high level in summer during periods with high water temperatures, 
especially in July. Meanwhile, the variational tendency of Chl is consistent with DO. Based on 
previous reports and the present results [32], it can be concluded that Chl is highly correlated with 
DO concentrations. Existence of phytoplankton in water under the irradiation of intense light could 
generate oxygen via photosynthesis, which will increase the content of DO in water and maintain a 
high level in mega thermal climate. 

 

 
Figure 7. Seasonal variations of DO and Chl, (a) site A; (b) site B; (c) site C in Taiping Lake. 

In order to explore the correlation between different water quality factors, the Pearson 
correlation index [2] was calculated and the results are shown in Fig. 8. Several inferences can be 
drawn: 1) pH is closely correlated with water temperature, TN, ammonia nitrogen, Chl; 2) Chl links 
tight with TN, ammonia nitrogen, nitrate nitrogen and DO; 3) DO correlates strongly with water 
temperature, TN, ammonia nitrogen, Chl and nitrate nitrogen. Meanwhile, existence of N species 
could provide the essential nutrient substance for the growing of phytoplankton. Under the 
irradiation of sunlight, phytoplankton could generate oxygen via photosynthesis. Simultaneously, 
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the rapid growth of phytoplankton may break the acid-base balance in water; thus, changing the pH 
values. 

 

 

Figure 8. Pearson correlation index (** Significant correlation at 0.01 level* Significant correlation at 
0.05 level). 

To further investigate the seasonal variation of the water environment and the correlation 
between various water quality factors, phytoplankton community composition was monitored. In 
Table 2 and Fig. 9, the variety of algae varies throughout the year. For sites A and C, Bacillariophyta, 
Chlorophyta, and Cyanophyta are the main algae seen throughout the year while Bacillariophyta 
occupies the highest proportion among all the algae. However, site B is different from sites A and C, 
with Bacillariophyta, Chlorophyta, Cyanophyta and Pyrroptata being the main algae observed. 
Generally, algal growth is closely related to water conditions and often reveals the quality of water 
[4]. For sites A and C, Cyanophyta is the dominant alga during periods of in the lower water 
temperatures, while Bacillariophyta and Chlorophyta are dominant during periods of higher water 
temperatures, suggesting that higher water temperatures favor the growth of Bacillariophyta and 
Chlorophyta. For site B, Chlorophyta and Pyrroptata, as well as a variety of Bacillariophyta, are the 
main algae. It can be concluded that the differences between algal species indicates different water 
environments. 

 

Figure 9. Seasonal variations of alga, (a) site A; (b) site B; (c) site C in Taiping Lake. 

Changes in algal species composition appears closely connected to the water environment and 
often reveals the quality of water. Dominant algal species from sites A, B and C in Taiping Lake are 
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shown and compared by degree of dominance in Table 2. As can be seen, a diversified algal 
community can be detected in different seasons across the sites. Under high water temperature 
conditions, Bacillariophyta, Pyrroptata, and Chlorophyta are the dominant species while 
Cyanophyta are the major algae during periods of lower water temperatures.   

Table 2. Dominant forms of algae at sites A, B and C in Taiping Lake. 

Date Site Species 

February 

A Anabaena 

B Lyngbya 

C Melosira; Fragilaria; Euglena acus 

June-1 

A Melosira; Melosira granulata; Fragilaria capucina; Nitzschia 

B Fragilaria capucina; Nitzschia 

C Fragilaria capucina 

June-2 

A Fragilaria; Melosira granulata; Navicula; Cocconeis; Oocystis 

B Fragilaria; Cocconeis; Cosmarium 

C Fragilaria; Cocconeis; Oocystis; Microcystis 

July 

A Oocystis; Cosmarium; Cyclotella; Cryptomonas ovata 

B Nitzschia; Navicula; Oocystis; Cryptomonas ovata 

C Cosmarium; Cryptomonas ovata 

August 

A Euglena acus; Cocconeis; Aulacoseira granulata 

B Navicula; Pediastrum simplex; Peridinium; Trachelomonas 

C Pediastrum simplex 

September-1 

A Cyclotella; Euglena 

B Cyclotella; Lyngbya 

C Cyclotella; Lyngbya; Oocystis 

September-2 

A Melosira; Trachelomonas; Cocconeis placentula 

B Melosira; Euglena acus; Peridinium 

C Aulacoseira granulata 

October 

A Navicula; Trachelomonas; Cocconeis placentula 

B Navicula; Euglena acus; Peridinium; Euglena 

C Cocconeis; Trachelomonas; Cocconeis placentula 

November 

A Anabaena; Nitzschia; Cyclotella; Euglena 

B Cosmarium; Pediastrum simplex 

C Anabaena; Navicula; Cyclotella 

Based on the above data, a reasonable pattern of annual water quality parameters for Taiping 
Lake has been demonstrated. In spring and winter with lower water temperatures, Cyanophyta can 
multiply and become the dominant algal species in the Taiping Lake. Meanwhile, the water quality 
indices demonstrate compliance with the criterion of Chinese surface water quality standards (Ⅱ, GB 
3838-2002) [20] indicating better water quality. However, Bacillariophyta, Pyrroptata, and 
Chlorophyta will be the dominant species under high water temperature conditions, contributing to 
poorer water quality. Higher water temperatures promote the growth of phytoplankton. Meanwhile, 
the existence of excess N species could provide the essential nutrient requirement for the growth of 
phytoplankton. Under increased sunlight, algae will consume carbon dioxide to drive photosynthesis 
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and the subsequent release of oxygen, increasing oxygen levels in the water. Simultaneously, the 
rapid growth of algae may influence the acid-base balance in water by consuming carbon dioxide 
and resulting in an increase of pH values. 

4. Conclusions 

In summary, a plausible picture of the water quality patterns in Lake Taiping was constructed 
based on the seasonal variation of water quality parameters. The growth of algae is closely related to 
water temperature and the composition of the algae community, which could drive the differences 
in water quality. In lower water temperature conditions, Cyanophyta could multiply and become the 
dominant algal species. However, Bacillariophyta, Pyrroptata, and Chlorophyta are the dominant 
species under higher water temperatures, perhaps, contributing to poorer water quality. High water 
temperatures promote the growth of algae. Meanwhile, existence of N species could provide the 
essential nutrient necessary for enhanced algal growth. Under increased sunlight, algae will consume 
carbon dioxide to drive photosynthesis and release oxygen, raising oxygen levels in the water. 
Simultaneously, the rapid growth of algae may alter the acid-base balance in water by consuming 
carbon dioxide resulting in increased pH values. 
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