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Abstract: Due to rapid urbanization, population growth, industrialization, and agricultural activities,
there is an increasing demand for freshwater resources, leading to heightened pressure on watershed
ecosystems. This study focused on the Nishan Reservoir, Qufu Sihe River, and Qufu Yihe River,
conducting field investigations on these water bodies during the spring of 2021 and 2022. Water
samples were collected and analyzed for key water quality indicators, including chemical oxygen
demand (COD), biochemical oxygen demand (BOD), total nitrogen (TN), total phosphorus (TP), am-
monia nitrogen (AN), chlorophyll A, and algal cell density. This study unveiled notable correlations
among various water quality parameters, including positive associations between BOD and COD,
chlorophyll A and algal cell density, and inverse relationships with total phosphorus. Moreover,
significant positive correlations were identified between total nitrogen and ammonia nitrogen, as well
as between ammonia nitrogen and chlorophyll A. The study highlighted that the TP concentration
surpassed the threshold of 0.20 mg/L in 2021, potentially exacerbating the proliferation of algae,
leading to algal blooms and adversely affecting the aquatic ecosystem. This study emphasizes the
significance of broadening the geographical scope and utilizing long-term datasets to discern trends,
determinants, and management approaches pertinent to water quality. Furthermore, this study
underscores the imperative of investigating the influence of nitrogen-to-phosphorus nutrient ratios
on the composition and proliferation of algal populations, while also taking into account the potential
impact of additional factors like light availability, temperature, and water flow on the dynamics of
algal communities.

Keywords: watershed health; water quality indicators; algal blooms; nitrogen-to-phosphorus ratio;
algal communities

1. Introduction

With the rapid pace of global development, the eutrophication of water bodies has
emerged as a pressing environmental concern on a worldwide scale. This phenomenon
is characterized by the excessive accumulation of nutrient salts, particularly nitrogen and
phosphorus, which disrupt the balance of aquatic ecosystems. Eutrophication can be catego-
rized based on its severity into three levels: mild eutrophication, moderate eutrophication,
and severe eutrophication. As the severity of eutrophication increases, it can lead to the
frequent occurrence of algal blooms, posing a significant threat to the health and safety
of watersheds. These challenges are exacerbated by changes in land use practices and
the resultant alterations in environmental conditions. Global demand for freshwater has
increased significantly as a result of rapid urbanization, population growth, industrial-
ization, and agricultural activities [1-6]. Urban development, agricultural activities, and
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the degradation and invasion of natural landscapes can affect local watershed health and
may affect the available water quantity and water quality [7]. Wetland ecosystems such as
rivers and lakes play a vital role as kidneys in watersheds because they filter pollutants
and sediments from aquatic systems through biological, chemical, and physical means [8].
The removal of dissolved chemicals and sediments can improve water quality, and the
absorption of nutrients can ensure sufficient nutrients are available to circulate through
the terrestrial-aquatic interface. Wetland ecosystems such as rivers and lakes provide
important ecological services such as habitats and resources for plant and animal commu-
nities and surface water storage. In addition, wetland ecosystems such as rivers and lakes
can also support commerce and industries (e.g., agricultural and livestock production)
and tourism activities. Inappropriate sanitation management, rainwater runoff in urban
and residential areas, poor land use practices, and agricultural runoff are some potential
causes of water quality degradation in local watersheds [7]. The uncontrolled discharge
of untreated domestic sewage, excessive discharge of industrial pollutants, agricultural
runoff, etc., can cause the serious pollution of rivers and lakes [9].

Aquatic chemicals such as chemical oxygen demand (COD), biochemical oxygen
demand (BOD), total nitrogen (TN), total phosphorus (TP), ammonia nitrogen (AN), chloro-
phyll A, and algal cell density are the main indicators and important classical indicators of
water quality [9-12].

Nishan Reservoir, Qufu Sihe River, and Qufu Yihe River are the living areas of Confu-
cius and his descendants. Some scholars have studied the nutrient salts of nitrogen and
phosphorus of Nishan Reservoir Dam [13] and Sihe River [14,15]. However, no compre-
hensive multi-indicator analysis has been carried out on this watershed. We investigated
and tested the chemical oxygen demand (COD), biochemical oxygen demand (BOD), total
nitrogen (TN), total phosphorus (TP), ammonia nitrogen (AN), chlorophyll A, and algal cell
density of Nishan Reservoir, Qufu Sihe River, and Qufu Yihe River in the Holy Land Valley
Watershed for scientific evaluation, so as to provide a basis for water environment control.

2. Materials and Methods
2.1. Site, Soil and Weather Status

Nishan Reservoir, Qufu Sihe River and Qufu Yihe River belong to a temperate cli-
mate zone, with an annual average temperature of 15 °C, annual average accumulated
temperature of 4000 °C, annual average sunshine of 2300 h, and annual frost-free period of
200 days [16].

Nishan Reservoir, located at the upper reaches of Xiao Yihe River in the southeast of
Qufu, Shandong Province, was built in 1958 and completed in 1960. It has a controlled
drainage area of 264.1 square kilometers, a total reservoir capacity of 113 million m3, and
a utilizable reservoir capacity of 61.02 million m®. The dam is a loam homogeneous dam
with a length of 1805 m and a maximum dam height of 22.2 m. It is a large reservoir which
mainly focuses on flood control, combined with a comprehensive utilization of urban water
supplies, irrigation, breeding, and groundwater supplements [13].

Sihe River, a tributary of the Nansihu Lake of the Yishu Sishui system of the Huaihe
River watershed is a large river in the middle of Shandong Province, originating from the
west side of Taipingding, Xintai City, flowing through Sishui, Qufu, Yanzhou, Zoucheng,
etc. It flows into Nanyang Lake in Xinzha Village, Rencheng District, Jining City. The river
is 169 km long and its drainage area is 2383.6 square kilometers [14,15].

Qutfu Yihe River is the first-class tributary of Sihe River, originating from the north of
Fenghuang Mountain, Chenggian Town, and east of Zoucheng City. It flows into Nishan
Reservoir of Qufu City through Tianhuang Town in the northwest. After exiting the
reservoir, it continues to flow through the south suburbs of Xizhu Town and Qufu City in
the northwest, and finally flows into Sihe River between Fandian Village and Jiaojia Village
of Jiuxiangiao Street, Yanzhou City, with a total length of 58 km and a drainage area of
622 km?.
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2.2. Water Quality Parameter Analysis

In this field investigation, three groups of water samples were set up in Nishan
Reservoir, Sihe River, and Yihe River in Holy Land Valley Watershed, with sampling times
of 9 June 2021 and 9 June 2022. Triplicate samples were taken at all five locations on the
Sihe River, Yihe River, and Nishan Reservoir. The sampling sites are shown in Figure 1.
Additionally, 4 L clean water barrels were used to collect subsurface water samples for
analysis and testing.
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Figure 1. The sampling sites in Nishan Reservoir, Sihe River, and Yihe River.

We tested and analyzed the chemical oxygen demand, biochemical oxygen demand,
total nitrogen content, total phosphorus content, ammonia nitrogen content, chlorophyll
A, and algal cell density of the water samples. The biochemical oxygen demand was
determined by dilution and inoculation [17], using a 25 mL acid burette (B193) for the
test. Chemical oxygen demand was determined by the dichromate method [18], using a
50 mL acid burette (B192) for the test. Total nitrogen content was determined by ultraviolet
spectrophotometry [19], using a UV-1750 UV-visible spectrophotometer (A11605031003CS)
(Shimadzu Corporation, Suzhou, China) for the test. Total phosphorus content and am-
monia nitrogen content were determined by Nessler reagent spectrophotometry [20] and
ammonia molybdate spectrophotometry [21], and a DR6000 UV-Visible Spectrophotometer
was used for the test [22-24].

3. Results
3.1. Differences in Water Quality Factors

We tested and compared the difference in water quality factors in Nishan Reservoir,
Sihe River, and Yihe River in the Holy Land Valley Watershed in spring in 2021 and 2022.
The Yihe River is the largest tributary of the Sihe River, with the Nishan Reservoir con-
structed on its upper reaches. These rivers do not cover a large area, and the water quality
parameters from different locations within the same river are averaged and presented in
Figure 2.
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Figure 2. Differences in water quality factors of Nishan Reservoir, Sihe River, and Yihe River in
2021-2022. W, 2021; J, 2022. (BOD: biochemical oxygen demand; COD: chemical oxygen demand;
TN: total nitrogen; TP: total phosphorus; AN: ammonia nitrogen).

The biochemical oxygen demand of the water is characterized as follows: (1) The
biochemical oxygen demand of the water of Nishan Reservoir and Sihe River in 2022 was
significantly higher than that in 2021, while that of Yihe River in 2021 was slightly higher
than that in 2022. (2) In 2021, Yihe River > Nishan Reservoir > Sihe River, of which Yihe
River’s demand was significantly higher than Nishan Reservoir and Sihe River. In 2022,
Sihe River > Yihe River > Nishan Reservoir, of which Sihe River’s demand was significantly
higher than Yihe River and Nishan Reservoir.

The characteristics of chemical oxygen demand in water are as follows: (1) The
chemical oxygen demands of Nishan Reservoir and Sihe River in 2022 are significantly
higher than that in 2021, while that of Yihe River in 2022 is slightly higher than that in 2021.
(2) In 2021, Yihe River > Nishan Reservoir > Sihe River, of which Yihe River’s demand is
significantly higher than Nishan Reservoir and Sihe River. In 2022, Sihe River > Nishan
Reservoir > Yihe River, of which Sihe River’s demand is significantly higher than Yihe
River.

The characteristics of the total nitrogen content in water are as follows: (1) In 2022, the
total nitrogen contents of Sihe River and Yihe River are significantly higher than that in
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2021, while that of Nishan Reservoir in 2021 is significantly higher than that in 2022. (2) In
2021, Sihe River > Yihe River > Nishan Reservoir. There were significant differences among
Sihe River, Yihe River, and Nishan Reservoir in 2021. In 2022, Sihe River > Nishan Reservoir
> Yihe River. There were significant differences among Sihe River, Nishan Reservoir, and
Yihe River in 2022.

The characteristics of the total phosphorus content in water are as follows: (1) The
total phosphorus contents of Nishan Reservoir, Sihe River, and Yihe River in 2022 are
significantly higher than that in 2021. (2) In 2021, Nishan Reservoir > Yihe River > Sihe
River. There were significant differences between Nishan Reservoir, Yihe River in Qufu,
and Sihe River in Qufu in 2021. In 2022, Yihe River > Sihe River > Nishan Reservoir, of
which Yihe River’s content was significantly higher than that of Nishan Reservoir.

The ammonia nitrogen content in water is characterized as follows: (1) The ammonia
nitrogen content of Nishan Reservoir in 2021 was significantly higher than that in 2022, and
the ammonia nitrogen content of Yihe River in 2021 was slightly higher than that in 2022.
(2) In 2021, Yihe River > Nishan Reservoir > Sihe River. There were significant differences
between Yihe River, Nishan Reservoir, and Sihe River in 2021. In 2022, Yihe River > Nishan
Reservoir > Sihe River. There were no significant differences between Yihe River, Nishan
Reservoir, and Sihe River in 2022.

The characteristics of chlorophyll A content in water are as follows: (1) Nishan Reser-
voir, Sihe River, and Yihe River’s content are significantly higher in 2022 than in 2021.
(2) In 2021, Yihe River > Nishan Reservoir > Sihe River, of which Yihe River’s content is
significantly higher than Nishan Reservoir and Sihe River. In 2022, Yihe River > Sihe River
> Nishan Reservoir, and there are significant differences among them.

The characteristics of algae cell density in water are as follows: (1) The algae cell
densities of Nishan Reservoir and Sihe River are significantly higher in 2022 than in 2021,
but there is no significant difference in Yihe River from 2021 to 2022. (2) In 2021, Yihe
River > Nishan Reservoir > Sihe River, and there are significant differences among them. In
2022, Sihe River > Nishan Reservoir > Yihe River, and Sihe River and Nishan Reservoir’s
densities are significantly higher than Yihe River.

3.2. Water Quality Evaluation

According to the Environmental Quality Standard of Surface Water [25], the water
quality of Nishan Reservoir, Sihe River, and Yihe River in the spring of 2021-2022 was eval-
uated by using biochemical oxygen demand measurement, chemical oxygen demand, total
nitrogen, total phosphorus, and ammonia nitrogen content single indicators, respectively
(see Table 1).

Table 1. Water quality evaluation of Nishan Reservoir, Sihe River, and Yihe River in 2021-2022.

Nishan Reservoir Sihe River Yihe River
2021 2022 2021 2022 2021 2022
BOD Class I Class III Class I Class IV Class III Class III
COD Class I Class III Class I Class III Class I Class IV
TN Class IV Class V Poor Class V Poor Class V Poor Class V Class V
TP Poor Class V Class III Class II Class II Class III Class II
AN Class Il r Class Il r Class II Class II Class III Class III

According to the Environmental Quality Standards for Surface Water [25], water
quality has been ranked in the following order of quality: Class I Water, which meets the
highest standards with minimal pollution; Class II Water, characterized by a good quality
and suitable for various uses; Class III Water, which can be used for multiple purposes but
may require treatment; Class IV Water, which may need treatment before being suitable
for industrial or recreational activities; and Class V Water, which is typically only suitable
for agricultural irrigation and landscaping. Each water class is associated with specific
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standard values for water quality parameters as outlined in the Environmental Quality
Standards for Surface Water [25].

In terms of the biochemical oxygen demand of water, Sihe River exceeded the standard
in 2022. In terms of the chemical oxygen demand of water, Yihe River exceeded the standard
in 2022. In terms of the total nitrogen content of water, Nishan Reservoir, Sihe River,
and Yihe River seriously exceeded the standard during 2021-2022. In terms of the total
phosphorus content of water, Nishan Reservoir seriously exceeded the standard in 2021. In
terms of the the ammonia nitrogen content of water, Nishan Reservoir, Sihe River, and Yihe
River are still acceptable.

3.3. Correlation of Water Quality Factors

We tested and compared the correlation of water quality factors between Nishan
Reservoir, Sihe River, and Yihe River in the Holy Land Valley Watershed (see Table 2). There
were significant positive correlations between biochemical oxygen demand and chemical
oxygen demand, chlorophyll A, and algal cell density, and a negative correlation with
total phosphorus. There was a significant positive correlation between chemical oxygen
demand and chlorophyll A and algal cell density, and a negative correlation with total
phosphorus. Total nitrogen was significantly negatively correlated with total phosphorus
and ammonia nitrogen. There was a significant positive correlation between ammonia
nitrogen and chlorophyll A.

Table 2. Correlation of water quality factors of Nishan Reservoir, Qufu Si River, and Qufu Yihe River
in Holy Land Valley Watershed.

BOD COD TN TP AN Chlorophyll A
BOD 1.000
COD 0.902 ** 1.000
TN —0.277 —0.295 1.000
TP —0.539 ** —0.557 ** —0.413* 1.000
AN 0.184 —0.025 0.466 * 0.356 1.000
Chlorophyll A 0.540 ** 0.447 * —0.332 —0.325 0.584 * 1.000
Density of algal cells 0.684 ** 0.688 ** —0.262 —0.302 —0.003 0.276

Notes: **, p < 0.01; *, p < 0.05. (BOD: biochemical oxygen demand; COD: chemical oxygen demand; TN: total
nitrogen; TP: total phosphorus; AN: ammonia nitrogen).

The principal components of the water quality factors of Nishan Reservoir, Sihe River,
and Yihe River in spring from 2021 to 2022 were tested and analyzed (see Table 3). The
classifications of biochemical oxygen demand, chemical oxygen demand, chlorophyll A,
and algal cell density were relatively close.

Table 3. N:P ratios of water of Nishan Reservoir, Sihe River, and Yihe River in 2021-2022.

Nishan Reservoir Sihe River Yihe River
2021 2022 2021 2022 2021 2022
Minimum 5.08 33.33 61.13 34.86 21.08 19.25
value
Maximum 7.44 49.00 70.86 41.50 23.00 23.57
value
Average 5.85 46.19 63.71 38.62 21.74 21.51

4. Discussion

Expanding the scope of our research to include a broader geographical range allows
for a more comprehensive understanding of the factors influencing water quality dynamics.
While agricultural land is indeed a significant contributor to nitrate emissions, it is essential
to explore the specific agricultural practices and land management strategies that influ-
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ence nitrogen leaching into water bodies [26,27]. Additionally, examining the impacts of
climate change and land use change on agricultural systems can provide valuable insights
into future trends in nitrate pollution [28,29]. Similarly, urban areas are known to exert
considerable pressure on water quality, with increases in biochemical oxygen demand
and chemical oxygen demand being key indicators of pollution [30,31]. Investigating the
effectiveness of urban stormwater management practices and wastewater treatment tech-
nologies can help mitigate the adverse effects of urbanization on aquatic ecosystems [32,33].
Furthermore, exploring the role of green infrastructure and nature-based solutions in urban
water management can offer sustainable approaches to improving water quality [34,35].
Comparative analyses of survey data from multiple time points reveal temporal trends
in water quality parameters, highlighting the dynamic nature of aquatic ecosystems. In
addition to the changes observed in the Nishan Reservoir and Sihe River, it is essential
to consider long-term datasets from other water bodies to assess regional and global
patterns in water quality [36,37]. Understanding the drivers of these changes, such as
land use, climate variability, and anthropogenic activities, is crucial for effective water
resource management [38,39]. In conclusion, expanding the research scope to encompass
broader geographical regions and long-term datasets enhances our ability to identify trends,
drivers, and management strategies related to water quality. By integrating findings from
diverse studies and collaborating across disciplines, we can develop holistic approaches to
safeguarding water resources for future generations.

Expanding our understanding of the influence of nitrogen and phosphorus nutrition
ratios on algae community structure and growth requires considering a broader range
of aquatic ecosystems beyond lakes and marine environments. In the present study, it
was observed that the concentration of TP in Nishan Reservoir surpassed the threshold
of 0.20 mg/L in the year 2021. This finding indicates a significant inflow of phosphorus
into the aquatic environment, potentially originating from sources such as agricultural
runoff, wastewater discharge, or soil erosion. The elevated TP levels could pose a threat to
the aquatic ecosystem by fostering the proliferation of excessive algal growth, commonly
referred to as algal blooms [40]. These blooms have the capacity to deplete oxygen levels
in the water column, thereby endangering aquatic organisms and potentially producing
harmful toxins that pose risks to wildlife, vegetation, and human health [41].

While much of the existing research has focused on these environments, extending
our investigative purview to encompass additional habitats, such as rivers, wetlands, and
estuaries, can yield substantial insights into the dynamics of nutrient cycling and their
subsequent impacts on algal communities [42,43]. Moreover, investigating how nutrient
ratios vary across different ecosystem types and geographic regions can enhance our
understanding of ecosystem responses to nutrient enrichment [44,45]. BOD and COD are
parameters that are commonly employed to evaluate the extent of organic pollution in
numerous rivers across China. Studies conducted on the Qinhuai River in Nanjing have
revealed a substantial influence of river flow dynamics and human activities in determining
the levels of BOD and COD [46]. Chlorophyll A and Algal Density: Chlorophyll A serves as
a widely accepted indicator of algal biomass within aquatic systems. Existing research has
demonstrated a noteworthy positive association between the concentration of chlorophyll
A and algal density in various lakes and rivers throughout China. This relationship has
been substantiated through studies conducted on the central corridor of the South-to-North
Water Diversion Project and in representative water bodies such as Sha Lake and Jiaozhou
Bay [46].

In addition to studying nutrient ratios, it is essential to examine other factors that
may influence algal community dynamics, such as light availability, temperature, and
water flow [47,48]. These factors can interact with nutrient concentrations to shape algal
growth patterns and community composition, highlighting the need for comprehensive
ecosystem-based approaches to studying algal dynamics [49,50]. Furthermore, consid-
ering the temporal variability of nutrient ratios and algal communities is critical for un-
derstanding ecosystem dynamics. Long-term monitoring studies can provide insights
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into how nutrient ratios and algal communities change over time in response to natural
and anthropogenic drivers [51,52]. By examining historical data and trends, researchers
can identify patterns and anticipate future changes in algal communities and ecosystem
health [53,54]. In conclusion, expanding the research scope to include a broader range
of aquatic ecosystems and considering multiple factors influencing algal dynamics can
enhance our understanding of the influence of nitrogen and phosphorus nutrition ratios
on algal community structure and growth. By integrating findings from diverse studies
and adopting a holistic approach to ecosystem research, we can develop more effective
strategies for managing nutrient pollution and preserving aquatic ecosystem health.

5. Conclusions

For the local government and relevant departments of Qufu, addressing the issues of
phosphorus reduction in Nishan Reservoir and nitrogen removal in Sihe River and Yihe
River is paramount. In light of this, the following suggestions are proposed: (1) Utilizing
the aquatic plant yellow-flowered iris, known for its effectiveness in removing excessive
nutrients such as nitrogen and phosphorus from water, presents a viable solution. Addi-
tionally, the yellow-flowered iris thrives in cool climates and exhibits robust cold resistance,
along with a certain level of salt tolerance, enabling it to adapt to the local natural environ-
ment conditions. Furthermore, its ornamental and economic value make it an attractive
option for planting around the investigated water bodies. By strategically planting yellow-
flowered iris around these areas, significant improvements in nutrient removal can be
achieved. (2) Leveraging the synergistic effect between shellfish mollusks and microalgae
on nitrogen and phosphorus removal offers another promising solution. Therefore, it is
recommended to establish a clam culture around the water bodies. The biological synergies
between clams and microalgae in the water can effectively mitigate the issues of nitrogen
and phosphorus exceeding the standards. Moreover, the cultivation of clams can serve as
an additional source of income for local residents, thereby promoting economic develop-
ment in the region. By implementing these suggestions, the local government and relevant
departments can take proactive measures to address nutrient pollution and improve water
quality in Nishan Reservoir, Sihe River, and Yihe River, ultimately fostering a healthier and
more sustainable aquatic environment for the community.
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