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Abstract. Domestic sewage has always been one of the main causes of river
pollution. In this paper, a weighted grey correlation model is established to
judge the influence of many factors, including domestic sewage, on river pollu-
tion. In the process of establishing the model, the AHP analytic hierarchy pro-
cess is used to calculate the weight of each influencing factor, and the con-
sistency test is used to judge the feasibility of the weight. This paper also estab-
lishes a prediction model of domestic sewage discharge based on GM(1,1)
model, the average prediction error of this model is only 0.43%, which proves
the superiority of the prediction model.
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1 Introduction

Water pollution has many negative impacts on life and production. First of all, it pos-
es a certain threat to human health. There are harmful chemicals, bacteria, and viruses
in water pollution, which can cause various diseases such as intestinal, skin, and res-
piratory infections. Then, water pollution also has a serious impact on agricultural
production. During the growth process of crops, clean water sources need to be inject-
ed. Once the water source is contaminated, it will not only allow the crops to absorb
harmful substances but also lead to a decrease in yield and unavailability. It will also
lead to a decrease in soil quality and further affect agricultural production. Moreover,
water pollution also has an extreme impact on industrial production. Many industrial
production processes require a large amount of water. If the water source is contami-
nated, the process of purifying the water source may require a significant amount of
time and resources, which greatly increases production costs.

Among many reasons, the impact of domestic sewage accounts for the largest pro-
portion. It mainly manifests in the following aspects: first, it may cause pathogen
contamination, which mainly comes from urban domestic sewage, hospital sewage,
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catering waste, etc. If these sewage containing pathogens enter the environment, it
may cause various diseases and affect human health.

Secondly, domestic sewage can cause organic pollution. After organic matter en-
ters the water body, it may consume oxygen in the water, posing a threat to the sur-
vival of aquatic organisms. At the same time, it contains a large amount of nutrients,
such as nitrogen and phosphorus, which can promote eutrophication of the water
body. When eutrophication occurs in the water body, it will lead to excessive repro-
duction of aquatic organisms such as algae and destroy the ecological balance. In
general, domestic sewage poses a certain threat to the environment, economy and
people's health. M Yasir uses metagenomic sequencing technology to detect microor-
ganisms in domestic wastewater, discovering 87 pathogenic/opportunistic bacteria
belonging to 47 distinct genera in the domestic sewage samples!!. With the help of
grey relational analysis, Liang! designed an optimization model to determine the
weight of decision makers, and further proposed a method of applying PFMCGDM,
that is, to obtain the relative correlation degree of the alternatives, and rank them ac-
cordingly. In Ceylan's research, Autoregressive Integrated Moving Average
(ARIMA), Support Vector Regression (SVR), GM(1,1) and Linear Regression (LR)
analysis were used to estimate annual medical waste generation from 2018 to 2023 in
Istanbul , so as to help decision-makers to take better measures and develop policies
regarding waste management practices in the future®l. Combining the improved grey
correlation degree model with environmental Kuznets curve (EKC), Liu MH™ quanti-
tatively and qualitatively studied the relationship between water pollution and eco-
nomic growth in Nansi Lake Basin (Jining, Zaozhuang, Heze) in Shandong Province.
The results showed that the correlation degree between industrial wastewater and
economic growth was Heze (0.652) > Zaozhuang (0.581) > Jining (0.538), and that
between domestic sewage and economic growth was Jining (0.722) > Heze (0.721) >
Zaozhuang (0.650). Pandey™ uses grayscale association analysis (GRA) to evaluate
the vulnerability of soil erosion in the Little Himalayan Basin. The method is to use
information obtained by remote sensing and field data to evaluate the vulnerability of
soil erosion in the sub -field in the watershed.

This paper predicts the discharge of domestic sewage in specific areas based on the
weighted grey correlation degree and GM(1,1) model and calls on people to form the
habit of saving water, treat domestic sewage correctly, and contribute to the protec-
tion of water resources.

2 Evaluation and analysis of multi-factor pollution based on
weighted grey relational degree

In order to explore what social groups think is the most important factor affecting
river pollution, this article distributes and collects more than a thousand valid ques-
tionnaires through the network, and obtains the survey results in figure 1. People re-
gard domestic sewage as one of the main causes of river pollution.
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Fig. 1. Results of the questionnaire.

And then, the relevant data of Guangdong section of the Pearl River Basin from
2012 to 2017 are extracted and analyzed, and the data standardized by min-max data
in Table 1 are obtained.

Table 1. The main factors affecting water quality.

2012 2013 2014 2015 2016 2017

Petroleum pollution amount
(ten thousand tons)

Arsenic content (ten thousand tons)  1.00 0.00 0.49 049 049 0.00
Vegetation coverage(%) 0.00 0.46 1.00 0.71 032  0.96

0.69 0.85 0.94 1.00  0.88 0.00

Domestic sewage discharge
(100 million tons)

Nitrite content(ten thousand tons) 0.00 0.48 1.00 0.76  0.73 091

0.53 0.64 0.32 0.51  0.88 1.00

Chemical oxygen demand
CODcr(mg/L)

AHP analytic hierarchy process is used to process the data and obtain the corre-

sponding data weight. Let the weight be k=[k1,---,k6], where & is the weight

0.00 0.03 0.31 0.65 047 1.00

corresponding to the j index. First of all, the average value of each analysis item is

calculated, and the judgment matrix A is constructed as follows.
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Petroleum Arsenic Vegetation Domestic sewage Nitrite Chemical oxygen demand

Petroleum 1.00 1.76 1.26 1.12 1.12 1.77
Arsenic 0.57 1.00 0.72 0.64 0.64 1.00
A=| Vegetation 0.79 1.38 1.00 0.89 0.89 1.40 (1)
Domestic sewage 0.89 1.57 1.13 1.00 1.00 1.58
Nitrite 0.83 1.52 1.12 0.98 0.98 1.56
Chemical oxygen demand 0.56 0.99 0.71 0.63 0.63 1.00

Using formula CI =(Maximum eigenvalue—n)/(n—1) to check the consistency of the
results, we get 7 _o g7 =126, and bring it into formula CR=CI/RI to get Cp

equal to 0, which proves that the selected weights are available.The operational for-
mula (2) calculates the grey correlation coefficient:

minmin
&(j)= <16 1</< . .
() |a0(])—at(])|+pmaxmax

1126 1<,<6

a(7) -0+ e (1)~ ()

a(/)=a(J)

2)

where &, ( J ) is the correlation coefficient of the comparison series g, to the ref-

erence series g, on the j" index, pe[O,l] is the resolution coefficient,

minmin
1<1<6 1< j<6

a,(j)-a,( j)‘ and maxmax|a,(j)—a,(j)| are the minimum difference and the

1<1<6 1<,/<6
maximum difference, respectively. If p =0.50 is set here, the larger the resolution
coefficient p is, the greater the resolution is. Finally, the dimensionless processing

mode is set to average, and the grey correlation coefficient is shown in Figure 2.
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Fig. 2. Grey correlation coefficient.

The weighted grey correlation degree is obtained according to the following for-
mula (3):
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=2k () (3)

where r; is the weighted grey correlation degree of the jevaluation index object,

which is calculated by using the weight of AHP analytic hierarchy process. In order to
avoid chance, it is necessary to accumulate the data of each selected year to find the
mean. The final calculation results are shown in Table 2.

Table 2. The results of weighted grey correlation degree.

6
2012 2013 2014 2015 2016 2017 Z :é;”j,

ri 0.19 0.17 0.15 0.14 0.16 0.08 0.148
r2 0.04 0.05 0.10 0.10 0.10 0.05 0.073
r3 0.07 0.13 0.09 0.13 0.11 0.09 0.103
r4 0.16 0.2 0.12 0.16 0.14 0.12 0.150
rs 0.08 0.14 0.10 0.15 0.15 0.12 0.123
re 0.05 0.05 0.09 0.07 0.10 0.04 0.066

Among them, 7, represents the data of index J in the t" year. According to the

conclusion of weighted grey analysis, among the many influencing factors, the dis-
charge of domestic sewage is the most important factor affecting water quality.

3 Prediction of domestic sewage discharge based on GM (1,1)
model

Based on the above analysis results, and the domestic sewage discharge in Guang-
dong section of the Pearl River Basin is increasing year by year, this paper uses the
domestic sewage discharge data from 2012 to 2017 (Table 3) to forecast GM (1,1)

model.

Table 3. Total amount of domestic sewage discharged into the basin from 2012 to 2017 (100
million tons).

Year 2012 2013 2014 2015 2016 2017

Domestic sewage discharge  40.12 40.10  40.13 4124  42.08 4234
According to the class ratio test, the time series of domestic sewage discharge is
established as follows, and the grade ratio /1(1‘ ) is obtained.:

YO ()= 1),y 2)..Y"6) = (40.12, ,42.34) )
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At)= o) t=2 6 (%)

For /l(t)e [0.75,1.33] t=2--6, Y% can be used to make a satisfactory GM(1,1)
prediction. The prediction formula and the relative error test equation are obtained.

Y (r+1)= (Y“’) (1)—bje”' + 224751900 243507 (6)
a a
YO ()= (e) =" (1-1)|
5(j)= 7
(/) Y () (7

the test results are calculated as shown in Table 4.

Table 4. Test conclusion.

Year Original value = Predicted value = Residual error  Relative error (%)
2012 40.12 40.12 0.00 0.00
2013 40.10 39.90 0.20 0.49
2014 40.13 40.53 -0.40 0.99
2015 41.24 41.17 0.07 0.18
2016 42.08 41.82 0.26 0.62
2017 42.34 42.47 -0.13 0.32

It can be seen from the table that the average relative error is 0.43% and the maxi-
mum error is only 0.99%, which means that the prediction effect is good, the accuracy
is high, and it has certain practicability. Figure 3 shows the prediction map of domes-
tic sewage discharge in this basin in the next few years by using the prediction model
proposed in this paper.

Sewage discharge
&
L

a4z -
——True value
a0F ——Fitting value B

+— Predicted value|

18 1 1 1 1 L 1 1 L L 1 L 1 1 L 1
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027
Year

Fig. 3. Prediction of domestic sewage discharge.
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4 Conclusions

In this paper, based on the water sample data of a branch river in the Guangdong sec-
tion of the Pearl River Basin, a grey weighted correlation model is established to
judge the influence of many factors, including domestic sewage, on river pollution. In
the process of establishing the model, the AHP analytic hierarchy process is used to
calculate the weight of each influencing factor, and the consistency test is used to
judge the feasibility of the weight. The prediction model of domestic sewage dis-
charge based on GM (1,1) is established. The average prediction error of the model is
0.43%, and the maximum prediction error is only 0.99%. This model can also be used
for water sample analysis in other watersheds.
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