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Abstract: In the process of industrialization, water pollution accidents occur from time to
time, resulting in major economic losses and negative impacts on the water environment.
Statistical analysis shows that it is difficult to issue early warning quickly and effectively
before the accident, leading to unavoidable water pollution accidents. In order to improve
the environment and reduce water pollution accidents, governments and enterprises at all
levels need to invest a lot of human resources. In this paper, Bayesian algorithm and
artificial neural network are used to study industrial wastewater early warning and
effectively prevent water pollution accidents. This paper first introduces the main parts and
functions of industrial sewage early warning, then uses Bayesian network to carry out
water quality early warning, introduces the calculation process of Bayesian water quality
evaluation, and establishes Bayesian network water quality early warning system. Then
this paper uses artificial neural network to carry out water quality early warning, builds a
comprehensive model of neural network evaluation, and introduces the process of artificial
neural network water quality evaluation in detail. In the experimental part, Bayesian
algorithm and artificial neural network algorithm are used to evaluate the grade of
industrial sewage. The experimental results show that the two algorithms have good
accuracy, F1 value and recall rate when evaluating the quality of industrial sewage. The
accuracy rate of the industrial sewage quality evaluation results of the two algorithms is
more than 95%, which shows that Bayesian algorithm and artificial neural network can be
well applied in the industrial sewage early warning field.

1. Introduction

In recent years, due to urban expansion, population growth and rapid economic development,

Copyright: © 2020 by the authors. This is an Open Access article distributed under the Creative Commons Attribution License (CC BY 4.0), which

permits

unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited

(https://creativecommons.org/licenses/by/4.0/).

51



Water Pollution Prevention and Control Project

water pollution caused by industrial production activities has increased significantly. The waste
produced by industrial production contains a large amount of waste water, and the water quality
composition is complex. The concentration of lead and zinc is usually very high. The early warning
system can monitor the wastewater containing cadmium ions and other toxic heavy metals that are
harmful to the environment online, determine the source of pollutants, the concentration and type of
pollutants discharged, and use monitoring tools as the basis for monitoring the pollutant discharge
source, water quality early warning and environmental impact assessment.

At present, many scholars have studied industrial sewage. Guo Zhiwei uses image processing
technology to study the decision-making process of complex sewage treatment [1]. Yang Jiangiao
studied the supercritical water oxidation system for industrial sewage [2]. Fu Biao studied the
thermochemistry and emission behavior during the combustion of industrial coal slurry and sewage
sludge [3]. Bertocci | studied the relationship between sewage discharge in industrial areas and the
community of small benthos [4]. Liu Xin-Cong carried out path analysis on chemical oxygen
demand and ammonia nitrogen emission of industrial sewage [5]. Sarvari Hadi analyzed the
obstacles of private sector investment in water supply and sewage treatment industry [6]. Although
there are many studies on industrial sewage, how to carry out industrial sewage early warning is
still a problem to be studied.

At present, Bayesian algorithm and artificial neural network have good early warning effect. Li
Xiang used Bayesian network for earthquake parameter early warning [7]. Xie Xiaoliang used
Bayesian network reasoning to monitor and early warning air pollution risks [8]. Aghaali
Mohammad studied the role of Bayesian algorithm in the early warning of infectious disease
outbreak [9]. Geng Zhigiang studied the role of short-term and short-term memory neural network
in food safety risk early warning [10]. Anbarasan M uses convolution depth neural network to study
flood disaster early warning system [11]. Yang Beibei used short-term and short-term memory
neural network to predict landslide displacement [12]. Although Bayesian algorithm and artificial
neural network have been applied in various fields of early warning, the research on the application
of Bayesian algorithm and artificial neural network in industrial sewage early warning is not
comprehensive enough.

In order to improve the efficiency of industrial sewage early warning and better protect the
environment, this paper uses Bayesian algorithm and artificial neural network to build the industrial
sewage early warning system. First of all, the process of industrial wastewater treatment is
introduced in detail, that is, determining the importance of early warning, determining the source of
early warning, analyzing early warning signals, reporting the degree of prediction, and eliminating
the hidden dangers of early warning; Then the Bayesian network water quality early warning
system and the artificial neural network water quality early warning system are constructed, and the
algorithms of the two systems are introduced in detail; Finally, Bayesian algorithm and artificial
neural network are used to evaluate the industrial sewage grade, and the accuracy, F1 value and
recall rate of the grade evaluation results are calculated to verify the effectiveness of the industrial
sewage early warning system.

2. Industrial Sewage Early Warning

Industrial water pollution early warning is to apply the early warning principle to industrial water
pollution control. The logical process of industrial water pollution early warning mechanism should
include the following five steps: determining the importance of early warning, determining the
source of early warning, analyzing early warning signals, reporting the degree of prediction, and
eliminating early warning hidden dangers. The warning principle is shown in Figure 1.
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Figure 1. Industrial water pollution early warning principle

(1) Clarify the warning

It is clear that the warning meaning includes the elements and degree of early warning. Early
warning elements are indicators of early warning conditions, which means the type of conditions
that cause alarm in industrial waters. Industrial water warning refers to the prediction of dangerous
points or dangerous areas. This process involves changing various factors affecting the quality of
industrial water, and spreading the warning of industrial water management, providing a basis for
monitoring and decision-making. These dangerous points or areas are actually very abnormal
conditions in the development of industrial water system, and are called "early warning elements"
in early warning science. The severity of early warning factors, that is, the danger degree of
dangerous points or dangerous areas, is called early warning degree.

Decompose and improve the common factors of industrial water pollution early warning.
According to the space-time dynamic analysis of regional industrial water quality and regional
industrial water pollution risk assessment, the regional industrial water environmental pollution
early warning level is divided into five levels [13].

(2) Find the source of warning

The warning source is the warning source, that is, the existing or potential pollution factors in
industrial water. Warning sources can be divided into internal and external. The early warning
sources generated under the natural background are objective information about natural abnormal
changes, which may lead to early warning of natural disasters and industrial water pollution. In low
humidity areas, the flow of industrial water is slow, various mobile elements accumulate, and the
mineralization rate of industrial water is much higher than the default value. It is a warning source
under natural background conditions. This warning source depends on internal factors, and the
monitoring warning source is weak. The external source is the external warning source, and the
human pollution source is the main warning source.

(3) Early warning signal analysis

Before warning, there is always a special warning sign. For example, the baseline value of
industrial water quality affected by endogenous alarm sources, the natural conditions of aquifer
protection, and the purification capacity of aquifer. However, in the development of industrial
production, the distribution and change of pollution point sources, the distribution of pollution
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sources, the speed of wastewater treatment, and the speed of wastewater discharge that meet the
requirements are not direct indicators of the prosperity of industrial water supply system, but trend
indicators. Early warning signal analysis is the most critical and complex part in the early warning
process. The key of early warning signal analysis is to identify the early warning signal indicators,
and then further analyze the quantitative relationship between early warning signals to obtain
various scenarios of early warning signals, and then predict the warning level of warning elements
in the warning area of warning signs.

(4) Forewarning degree

The alert level is the target of the alert. For different alert conditions and alert indicators, the alert
level predicts the scope of the system to analyze and report the "alert”. There are usually two
methods to predict the alert level. One of them is to create a common alarm unit model, and then
switch to the alarm level according to the calculated alarm threshold. The second alarm level model
related to alarm components is hierarchical regression technology. Alarms are generally divided
into five levels, namely, no alarm, light alarm, medium alarm, heavy alarm and large alarm. These
five levels correspond to the quantitative range of the index change of alarm elements, namely, the
alarm limit. The key to determining the alarm level is to determine the limits of the alarm.

(5) Eliminate police and patients

In order to reduce or prevent the risk of industrial water pollution and the deterioration of
industrial water quality, corresponding solutions are proposed.

3. Bayesian Network Water Quality Early Warning
3.1. Bayesian Network Water Quality Assessments

The assessment or prediction of water quality is actually an inference of water quality. That is to
say, use all known information to infer different probabilities statistically and make the final
prediction according to the maximum probability principle [14]. On this basis, the Bayesian
network analysis method is determined:

P(B;)P(A[B;)

P(BilA) = 51 P(B)P(AIB))

1)

B; represents the water quality level, and A represents the sample water quality index value.

In this work, the formula (1) based on water quality assessment characteristics and water
pollution data is defined as follows: the water quality grade value represented by B; is expressed as
yij- The water quality index of the observation station is expressed as x;. | is the number of water
quality grades, and j is the number of selected water quality indicators. Water quality is divided into
five categories: I, 11, 111, IV and V, which can be defined as S=5. Formula (1) can be expressed as:

P(yij)P(xjlyij)
P(Yij |Xj) - ) PéYij)P](inYij) )

Calculate P(yj;). In many applications, if there is no prior information, it is difficult to determine
which level the water quality of K station belongs to, but this can be determined in the water quality
assessment. The most widely accepted principle is that if there is no water quality information, the
possibility of water quality degradation is the same.

P(y1)) = P(y2) = P(y3) = P(ya)) = P(ys;) =< 3)

Calculate P(Xj|yij). A reasonable definition is the most important step in calculating Bayesian
water quality estimation. The most commonly used distance method is selected based on intuitive,
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simple and principled reasons. According to the concept of geometric probability, the distance
method is the distance between the water pollution source value and the default value of the water
quality index.

1/Lj;
POglyi) = 55 (4)
Lij = |xj =y )

Calculate P(y;|x;). Its significance is the probability that the observed value of j index is related
to the Class | water at the known observation point.

Calculate the possibility of several indicators of the observation station to test the water quality
as Grade I.

P = X2, wiP(yix)) (6)
C— _X%/Yij
Y ZiL1xi/yij (7)
Level f is derived from the maximum probability principle.
Pr = maxj=; s B 8

According to this procedure, water quality assessment can be carried out at the observation
station.

3.2 Bayesian Network Water Quality Early Warning Systems

The Bayesian water quality assessment and prediction framework is shown in Figure 2.
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Figure 2. Framework system of water quality pollution assessment and prediction based on
Bayesian network
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(1) Data selection and forecast data processing. Data selection refers to the selection of specific
sampling data and experimental data from the obtained monitoring data, which is mainly used to
construct the Bayesian water quality assessment network structure. Prediction data processing is a
group of processing data used for water quality prediction, mainly using experimental data, and
using some data processing methods to obtain unknown data of future water pollution.

(2) Establishment of network structure. Use sampling data and specific data processing methods
to determine the degree of correlation between network nodes.

(3) Water quality assessment and prediction. First, according to the different network
configurations, the relationship between the node and the parent node to be solved can be detected
(here is the water quality level and related pollution factors). Secondly, the calculation formula of
water quality assessment and prediction is deduced from the relationship between nodes. Finally,
the assessment or prediction of water resources is based on the prediction of water quality.

4. Artificial Neural Network Water Quality Early Warning

The input and expected output are Ax and Cg, and the number of input template pairs in the
learning matrix is K. The initial connection weight from the input plane to the network hidden layer
is wj;, and the threshold value of the hidden layer and the output layer is 6;,,. The expected inputs
and outputs are calculated as follows

Calculate the new value of hidden layer activation:

b; = f(Xh=1 anuni + 6;) ©)
Activation value of output unit of calculation layer:
¢j = f(X wybi + i) (10)
Calculation error of output layer:
d = (1 — ¢)(cf =) (11)
Calculate the error of each d; element hidden layer unit.
e; = bj(1 — b;) Z]g:l Wijdj (12)
Change output layer unit threshold:
Ar; = ad (14)
Manage connections between imported and hidden layer cells:
AVyi = Bape; (15)
Adjust hidden layer unit threshold:
AVy; = Bape; (15)
AB; = Be; (16)

These calculation steps are repeated until the output error of all samples is less than a certain
convergence error, and the learning is completed. Based on these defined connection weights and
thresholds, a comprehensive model of neural network evaluation can be obtained [15].

The process of evaluating water quality using BP neural network (Back Propagation) is shown in
Figure 3.
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Figure 3. BP neural network water quality evaluation

First of all, the evaluation indicators are selected according to the specific conditions of the
surveyed area and the reference points in the water quality monitoring data. Second, determine the
total number of sample drivers and the occurrence value of each input parameter in each sample,
and standardize all input and output data. Third, determine the number of nodes in the hidden layer,
the number of nodes in the output layer, the learning efficiency, the retention error and other model
parameters, and determine the original model of the neural network. Fourth, input the learning
mode and check whether it is within the allowable error range.

The standardization of raw data is necessary to eliminate the impact of different measurements
and values on the calculation process caused by the differences in the characteristics of different
monitoring indicators.

k

X = (17)

Xj,max ~Xi,min

5. Industrial Sewage Quality Early Warning Experiment

The warning standard in this paper is the national industrial sewage discharge standard. Bayesian
network and artificial neural network are used to predict the water quality of industrial sewage in
three factories, and the accuracy, F1 value and recall rate of the prediction results of the industrial
sewage water quality evaluation results are calculated.

The evaluation results of industrial sewage quality are shown in Figure 4.
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(a) Evaluation results of industrial wastewater quality based on Bayesian network
(b) Evaluation results of industrial wastewater quality based on artificial neural network

Figure 4. Evaluation results of industrial sewage quality

Figure 4 (a) shows the evaluation results of industrial wastewater quality by Bayesian network,
and Figure 4 (b) shows the evaluation results of industrial wastewater quality by artificial neural
network.

When Bayesian network is used to evaluate the industrial sewage quality of plant 1, the accuracy
rate of the water quality evaluation result is 0.983, the F1 value of the water quality evaluation
result is 0.924, and the recall rate of the water quality evaluation result is 0.958. When Bayesian
network is used to evaluate the industrial sewage quality of plant 2, the accuracy rate of the water
quality evaluation result is 0.975, the F1 value of the water quality evaluation result is 0.937, and
the recall rate of the water quality evaluation result is 0.946. When Bayesian network is used to
evaluate the industrial wastewater quality of plant 3, the accuracy rate of the water quality
evaluation result is 0.979, the F1 value of the water quality evaluation result is 0.919, and the recall
rate of the water quality evaluation result is 0.962.

When the artificial neural network is used to evaluate the industrial wastewater quality of
industrial plant 1, the accuracy rate of the water quality evaluation result is 0.991, the F1 value of
the water quality evaluation result is 0.935, and the recall rate of the water quality evaluation result
is 0.962. When the artificial neural network is used to evaluate the industrial wastewater quality of
industrial plant 2, the accuracy rate of the water quality evaluation result is 0.987, the F1 value of
the water quality evaluation result is 0.942, and the recall rate of the water quality evaluation result
is 0.937. When the artificial neural network is used to evaluate the industrial wastewater quality of
industrial plant 3, the accuracy rate of the water quality evaluation result is 0.982, the F1 value of
the water quality evaluation result is 0.954, and the recall rate of the water quality evaluation result
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i 0.948.

When Bayesian network and artificial neural network are used to evaluate the quality of
industrial sewage, the accuracy rate of the evaluation results of industrial sewage quality is above
0.95, which shows that both algorithms have good water quality evaluation ability and can monitor
and early warning the water quality.

6. Conclusion

In this paper, Bayesian algorithm and artificial neural network are used to study the industrial
sewage early warning system. This paper first introduces the process of industrial sewage early
warning, then constructs the Bayesian water quality early warning system according to the principle
of Bayesian network, and then constructs a comprehensive model of neural network evaluation
according to the principle of artificial neural network. In the experiment part, Bayesian algorithm
and artificial neural network are used to predict the quality of industrial sewage from three factories,
and the accuracy, F1 value and recall rate of the prediction results are calculated. The results show
that the two water quality early warning systems have good water quality prediction effect and can
be better applied in the field of industrial sewage early warning.
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