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ABSTRACT

In recent years, the water environment management of the Wenyu River has yielded positive outcomes. 
In comparison to earlier, the general water quality has substantially improved. However, some areas’ 
water quality has not improved as a result of the overall trend of improvement, which has implications 
for the surrounding areas and the entire water environment. To further explore the water environmental 
quality of specific river sections, this paper adopts the five monitoring sections of Shahe Gate, Mafang, 
Lutuan Gate, Xinbao Gate, and the additional sewage outlet in 2019, and the three main water quality 
indicators of COD, DO, and NH3-N. The water quality of the Wenyu River was evaluated using the 
comprehensive water quality identification index method, and the characteristics of its temporal and 
spatial changes were studied using correlation analysis and spatial clustering. The results have shown 
that the Wenyu River is generally Grade V water during the flood season, and is inferior to Grade V 
water during the non-flood season. All indicators have a regular time and space distribution and are 
highly influenced by environmental and human factors. Overall, the water quality of the Wenyu River 
may essentially reach the water environment function zoning target value. Improvements to the river 
portions below the Xinbao sluice, as well as the use of rainwater resources, must be prioritized.    

INTRODUCTION 

Wenyu River is located in the northeast of Beijing, which 
has many springs along the coast and rich geothermal re-
sources (Cai et al. 2014) Many rivers converge on this river 
and eventually flow into the ocean. It is an important river 
in Beijing. Therefore, studying the water quality and change 
characteristics of the Wenyu River is of great significance 
to the overall economic planning and urban construction.

Water quality evaluation is of great significance to the 
formulation of water governance and water policy in a certain 
area. Appropriate water quality evaluation methods can better 
reflect the water quality status and pollution characteristics of 
a certain area. Currently, there are many ways for assessing 
water quality. The grey evaluation method, fuzzy compre-
hensive analysis method, matter element analysis method, 
and others are the primary methodologies (Wang 2008). 
The advantages and disadvantages of these methods are 
often compared to see if they are accurate in a certain area. 
In the water quality study of the Ikare community, Oladipo 
Johnson et al. (2021) compared and examined the findings of 
fuzzy logic and water quality index methodologies. In equal 
consideration of measured values and surface water quality, 
fuzzy logic outperforms the water quality index, according 
to the evaluation results. Both models, however, can differ-
entiate rivers based on the quality of their water. Ning et 

al. (2020) used five different methods to evaluate the water 
quality of the Three Gorges section of the Huangshi section 
of the Yangtze River, including the single factor evaluation 
method, the comprehensive water quality label index meth-
od, and the single factor water quality label index method. 
The complete water quality label index method has the best 
effect and can fundamentally determine numerous elements 
of water quality, according to the findings. Other methods 
have their own advantages and limitations. The water quality 
index method is widely used in water quality evaluation and 
its evaluation results have good reliability. Howladar et al. 
(2021), for example, observed pollution of related water 
quality in the Surma River area of Bangladesh. According to 
the findings, the river’s middle sections are heavily contam-
inated. The related limitations for BOD, COD, TSS, CO2, 
and turbidity are all exceeded. Relevant proposals are made 
in light of the existing water pollution problem. Suriadikus-
umah et al. (2020) investigated the physical, chemical, and 
microbiological parameters of the Cipeusing River using 
the pollution index method. According to the findings, the 
river was moderately polluted in 2016 and highly polluted 
in 2017. The primary cause is pollution caused by humans. 
So there should be technical improvements and perfections 
in response to the problems in this area. Nong et al. (2020) 
investigated the seasonal and regional characteristics of 
water quality in the South-to-North Water Diversion Project 
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by monitoring 16 water quality parameters and using 5 key 
factors to create a minimum water quality index model and 
evaluate the water quality. The findings show that the water 
quality remained stable during the research phase and that it 
was “great.” The research results demonstrated the reliability 
and accuracy of the water quality index approach. As a result, 
the water quality index approach has a high reference value 
in today’s water quality assessment, and its application pos-
sibilities are vast. To analyze the water quality of the Wenyu 
River, this article uses the comprehensive water quality index 
approach, which can do both quantitative and qualitative 
water quality evaluations. In particular, it is feasible to assess 
the degree of pollution in water of worse quality than Grade 
V (Xu 2005a, Liang et al. 2013). In this study, we also exem-
plify the current positive state of water quality management. 
Although the water quality, in general, has improved, the 
water quality in some places of the Wenyu River remains 
unfavorable. Five monitoring sections of Shahe Gate, Ma-
fang, Lutuan Gate, Xinbao Gate, and the additional sewage 
outflow were chosen as research sample stations to better 
investigate the water quality in various places. To study its 
temporal and spatial distribution characteristics through the 
final evaluation results, we can further understand the water 
quality distribution in the research section and the current 
water pollution problems.

MATERIALS AND METHODS

Overview of the Study Area

With a total length of 47.5 km, the Wenyu River is an older 
developed river in Beijing’s history. The confluence of three 
tributaries of the Dongsha River, Beisha River, and Nansha 

River forms the upper parts of the river. The ecological man-
agement of the Wenyu River has yielded preliminary results 
in recent years. The well-known “six demonstrations” (Bei-
jing Municipal Bureau of Ecological Environment n.d.) in 
the water purification demonstration area of the constructed 
wetland in Wenyu River. The specific locations are shown 
in Fig. 1.

Monitoring Data

Field measurements and laboratory water sample processing 
are used to obtain monitoring data. The data in this article 
is based on observations from five parts over the course of 
2019. Water samples are taken once a month from each of 
them. DO, COD, NH3-N, and other water quality indicators 
are commonly used. In 2019, the experimental data is based 
on the average monthly monitoring data from five monitor-
ing areas. Fig. 2(a)(b) shows the monitoring data for each 
indicator:

Research Methods

Comprehensive Water Quality Labeling Index Method

The comprehensive water quality labeling index method 
(Gu et al. 2016) is a method for calculating complete water 
quality information based on the single-factor water quality 
labeling index approach (Xu 2005b). The following is the 
structure of the complete water quality labeling index, which 
is made up of integer digits with three or four decimal places 
(Xu 2005a, 2005b):
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index, X1.X2 is the average value of the single-factor water 
quality labeling index of all measured values; X3 is the num-
ber of single indicators in the complete water quality eval-
uation that are inferior to the water environment functional 
zone target.; X4 is the result of a comparison between the 
comprehensive water quality category and the overall water 
environment function zone’s target value. X4 can be one or 
two significant digits depending on the degree of pollution 
in the overall water quality.
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The n is the number of water quality indicators, and Pi 
is the single-factor water quality indicator index of the i-th 
water quality indicator.

Coefficient of Variation Weighting Method

In the classic comprehensive water quality labeling index, 
the average value of each single-factor water quality labe-
ling index is directly employed as the end result. It cannot 
emphasize the objective influence of excessive concentration 
and the severity of factor changes on water quality, nor can 
it emphasize the subjective impact of subjective factors, 
which has some limits (Sun et al. 2019). Cheng et al. (2019), 

in their study of many weighting methods, concluded that 
the results of weighting methods based on the coefficient of 
variation are reasonable and reliable, and can objectively 
reflect the relative relevance of each assessment index. As a 
result, this study uses this weighting method to determine the 
importance of each indicator. The following is the formula 
for calculating it:
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Ci where Vi is the weight of the i-th index; δi is the coef-

ficient of variation of the i-th index; 
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RESULTS AND DISCUSSION

The Evaluation Results

The single-factor water quality labeling index method was 
used to process the monitoring data, and the results are shown 
in Table 1 below.

Using the coefficient of variation weighting method to 
calculate the weight of each item, the results are shown in 
Table 2.

According to the weight coefficient and the data of the 
single-factor water quality labeling index method, the overall 
evaluation of the water body is carried out, and the results 
are shown in Table 3.

Seen from the evaluation results, three indicators’ impact 
on water pollution sorted for COD> NH3-N> DO, the overall 
water quality during the flood season is Grade V water, and 
the non-flood season is inferior to Grade V water. This result 
is similar to that of Cai et al. (2019). The improved evalu-
ation results are more differentiated than before. The water 
quality is better during the flood season, and worse during 
the non-flood season. This is because the traditional method 
does not consider the weight of each evaluation factor, but 
the coefficient of variation has considered the differences be-
tween the indicators, which can objectively reflect the relative 
importance of each indicator (Cheng et al. 2019), making the 
evaluation results more accurate. The phenomenon that water 
quality in the flood season is better than the water quality in 
the non-flood season is reflected in the related studies of Li 
& Wang (2007) and Yang et al. (2011). 

The main reason is that at the start of the flood season 
(June), surface runoff brings a large amount of land-sourced 
pollutants accumulated during the dry season, resulting in a 
higher concentration of surface water; in the wet season, the 
pollutants are diluted under the wash of rain, and the con-
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centration decreases; in late August of the flood season, with 
the gradual decrease of rainfall, the concentration of some 
pollutants has rebounded, but compared to the beginning of 
the flood season, the concentration of some pollutants has 
decreased (Yang et al. 2011).

Time-Varying Characteristics

The law of time change: We use the clustering method to 
classify each month’s water quality, SPSS to analyze the data, 
and the Euclidean distance to quantify the distance between 
the indicators (Fovell & Fovell 1993). The final clustering 
result is shown in Fig. 3.

According to the clustering results, 12 months can 
be divided into 3 categories, among which January, 
May, July, August, and November are one catego-
ry, February, March, April, and December are one 

category, and June, September, and October are one  
category.

Variation law of each index: To further analyze the influ-
ence of relevant indicators on the time distribution law, the 
trend chart of DO, COD, and NH3-N over time is drawn as 
shown in Fig. 4. 

The DO concentration gradually decreases from January 
to July, increases in August and September, and decreases in 
October; the COD concentration fluctuates within a certain 
range from January to May, with an obvious peak in June 
and September and a significant decrease in August and No-
vember; and the NH3-N concentration is lower from June to 
October, and higher from January to March, and fluctuates 
within a certain range at a certain time.

We use the Pearson coefficient to analyze the correlation 
between COD, DO and NH3-N with water temperature and 

Table 1: Calculation result of water quality index Pi for each section.

Monitoring sec-
tion

Section
 name

Water 
season

Water function zoning target 
value

DO
[mg.L-1]

CODcr
[mg.L-1]

NH3-N
[mg.L-1]

Section 1 Shahe gate flood season IV 1.10 6.82 4.70

Non-flood season 1.70 9.25 6.62

Section 2 Mafang flood season IV 1.40 10.16 3.10

Non-flood season 1.90 8.84 6.52

Section 3 Lutuan gate flood season IV 1.00 9.75 3.60

Non-flood season 1.90 7.53 4.10

Section 4 Xinbao gate flood season V 1.10 10.75 2.60

Non-flood season 1.50 7.92 2.50

Section 5 Outfall flood season V 1.60 7.63 26.11

Non-flood season 1.10 10.85 28.13

Note: data of Water function zoning target values are from the Beijing Municipal Bureau of Ecological Environment (n.d.).

Table 2: Weight coefficients of each indicator.

Monitoring
section

Water
season

Weight of each indicator

DO COD NH3-N

Section 1 flood season 0.071 0.025 0.067

Non-flood season 0.088 0.047 0.070

Section 2 flood season 0.034 0.019 0.169

Non-flood season 0.048 0.041 0.077

Section 3 flood season 0.034 0.020 0.074

Non-flood season 0.040 0.049 0.097

Section 4 flood season 0.026 0.025 0.307

Non-flood season 0.035 0.065 0.114

Section 5 flood season 0.032 0.030 0.069

Non-flood season 0.047 0.065 0.116
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PH, and make a scatter plot for the two items with strong 
correlation. The correlation analysis results are shown in the 
following Tables 4, 5, and 6 respectively, and the scatter plot 
is shown in Fig. 5, 6,7(a) (b) respectively.

From the correlation analysis results and the scatter plot, 
it can be seen that the DO concentration and PH are basically 
in a significant positive correlation throughout the year, and 
DO have little correlation with temperature. The scatter 
plot is in good agreement with the data analysis results. The 
explanation for its distribution law, according to the law 
of DO over time and the results of the correlation study, is 
mostly related to the algae in the water. In a mildly alkaline 
environment, suspended plants such as algae are densely 
spread in the water, and diatom species are very active (Hu-
lyal & Kaliwa 2009). The water quality of the Wenyu River 
was slightly alkaline, but as the PH grew, phytoplankton 
photosynthesis increased, and DO concentration increased, 
the two had a strong relationship, which was consistent with 
Zhu et al. (2020). From January to March, the temperature 
is more suitable as well as the acidity and alkalinity of the 
water are more suitable. Large aquatic organisms have strong 
photosynthesis, so DO concentration is high. In August and 
September, the rainfall intensity increases, and the aquatic 
environment has high turbulence, increasing atmospheric 
replenishment in the water, as well as an increase in DO.

The COD concentration has little correlation with PH and 
temperature, so there is no need to draw a scatter diagram to 
verify its correlation. The distribution of COD does not match 
the time change of the flood season and the non-flood season, 
so precipitation is not a factor affecting COD. The source 
of biogenic organic matter of COD is mainly biological me-
tabolism and organic matter produced by the decomposition 
of corpses (Pan et al. 2020). Because phytoplankton photo-
synthesis is strong in the summer, producing more oxygen, 

the COD content in the water body is comparatively low; 
but, because photosynthesis is weak in the fall and winter, 
the COD concentration rises to some amount. In July and 
August, however, the concentration reduces considerably, 
whereas, in June and September, it climbs. Other sources of 
organic input, such as sewage discharge and the application 
of herbicides and fertilizers, could cause COD concentrations 
to fluctuate to some extent.

NH3-N is negatively correlated with PH in flood seasons, 
has little correlation in non-flood seasons, and has little cor-
relation with temperature. The results of the image and the 
table are consistent. For NH3-N, microorganisms in water 
can treat ammonia nitrogen in water through nitrification 
reaction, and this decomposition conversion process is more 
efficient in a slightly alkaline environment (Wang 2021) 
and nitrifying bacteria have the highest activity at pH 7~8 
(Mogeng 1997). The water quality is weakly alkaline, the PH 
rises, the nitrification reaction rate is faster, and the NH3-N 
concentration in the water then decreases, so the NH3-N has a 
good negative correlation with PH. The suitable temperature 
for the nitrification reaction of nitrifying bacteria is 20~30°, 
the reaction rate decreases below 15°, and basically stops at 
5°. According to the measured data, the temperature in Wenyu 
River from January to April is basically around 0.2~17.6, 
so the temperature is relatively low, and the microbial re-
production and the reaction rate are reduced, so ammonia 

Table 3: Comparison results before and after method improvement.

After
improvement

Before improvement

Flood season 5.060 6.161

Non-flood season 7.782 6.781
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Table 4: Correlation between DO and environmental factors

DO PH Temperature

Flood season 0.645 0.496

Non-flood season 0.581 -0.689

Table 5: Correlation between COD and environmental factors.

COD PH Temperature

Flood season 0.029 -0.382

Non-flood season 0.033 0.086

Table 6: Correlation between NH3-N and environmental factors.

NH3-N PH Temperature

Flood season -0.404 -0.235

Non-flood season -0.269 0.084
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nitrogen concentration is high from May to September, the 
temperature is in the range of 20.1~127.1, which is the ideal 
temperature for the nitrification reaction. As a result, the 
reaction rate is fast and the NH3-N concentration is low. 
From October to December, the temperature range shifted 
from 2.8~118.5, the temperature dropped, the reaction rate 
dropped, and the concentration rose again.

Based on the above analysis, the water body generally 
presents a seasonal change pattern, with low pollution indi-
cators during the flood season from June to September, and 
relatively high pollution indicators in other months during 
the non-flood season, which is related to the impact of human 
factors such as agricultural non-point source pollution.

Spatial Distribution Characteristics

Use spatial clustering method to cluster analysis of five sec-
tions, use SPSS to process the data, and evaluate the water 
quality of each section separately. The final classification 
results are shown in Fig. 8, and the results of water quality 
evaluation are shown in Table 7.

The five sections can be separated into two categories, 
as shown in the diagram. Sections 1, 2, 3, and 4 are all part 
of the same category, whereas section 5 is a single category 
with water quality that is significantly lower than category 
V. The spatial clustering and water quality evaluation results 
were extremely consistent.

Many more effective treatment experiments and related 
studies have been conducted for the Wenyu River’s water 
quality management. To analyze the Longdao River of the 
Wenyu River, Zhu et al. (2021) used bypass offline river 
purifier technology and system. The “pond-wetland system” 
and the Longdao River pseudo-natural river course project 
are built without altering the river course’s original state, 
and the wetland and river course’s purification functions are 
used to fulfill the goal of water purification. This method 
has achieved the goal of reducing COD by 30%, ammonia 
nitrogen by 20%, and total phosphorus by 15%. It is a qua-
si-natural process with low cost and good treatment effect. In 
addition, sewage treatment measures also include the United 
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States Micro-Bac bioremediation technology, biological 
channel sewage treatment technology, and other processes 
(Wang et al. 2010). Although these sewage treatment pro-
cesses have achieved certain results, the experimental section 
5 is still inferior to Class V water, and the concentration of 
pollutants is high. This is related to the high overall sewage 
discharge volume, large base, and the discharge of sewage 
from the sewage outlet of the river (Zhong et al. 2011). The 
impact of human factors on the water environment cannot 
be ignored. We should further improve the sewage treatment 
process, strengthen the monitoring and treatment of dis-
charged sewage, pay attention to water quality issues, and 
fundamentally improve the water environment.

CONCLUSIONS

a. Using the comprehensive water quality labeling index 
method, it is determined that the Wenyu River is rated as 
Class V water during the flood season, and is inferior to Class 
V during the non-flood season. The contribution of the three 
water quality indicators to water pollution is COD>NH3-N>-
DO, and the water quality can reach the target value of the 
water environment function zone in most areas. But there 
are still some areas with poor water quality. All in all, water 
quality urgently needs to be improved.

b. Using clustering method and correlation analysis to 
analyze the water quality of each index and each month, 
12 months can be divided into 3 categories. January, May, 
July, August, and November are one category; Months, 
March, April, and December are one category, and June, 
September, and October are one category. According to the 
time variation of each index, it can be known that the main 
reason for the time difference in water quality is related to 
pH and temperature. Phytoplankton photosynthesis and the 
decomposition of nitrifying bacteria are affected by these 

two environmental factors. Changes in pH and temperature 
caused different reaction rates, which ultimately resulted in 
better water quality in June-September than in other months.

c. For cluster analysis of the 5 monitoring sections, use the 
spatial clustering approach, and for water quality evaluation, 
use the comprehensive water quality labeling index meth-
od. The five portions can be categorized into two groups. 
Sections 1, 2, 3, and 4 belong to the same category, whereas 
section 5 belongs to a different category, and the water 
quality evaluation results of sections 1-4 all meet the water 
environment function’s target value. Section 5’s water quality 
is low, and its overall performance is inferior to category V. 
The outcomes of these two strategies were remarkably con-
sistent. Human factors have a significant impact on Section 
5’s water quality. Despite the existence of modern sewage 
treatment infrastructure, results are still lacking. To address 
the problem of water contamination, it is required to enhance 
the process and begin at the source.
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