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Abstract: With the rapid development of industry and towns, environmental pollution 

accidents occur frequently. It is of great significance to establish a sound environmental 

monitoring and early warning system to ensure the safety of water environment and 

people’s water use. On this basis, this paper deeply discussed the early warning of water 

pollution, and proposed a water pollution early warning system based on clustering 

algorithm. The research showed that when the water pollution early warning system was 

used to monitor and warn the harmful substances such as formaldehyde, cyanide and 

Chemical Oxygen Demand (COD), the average absolute error of the water pollution early 

warning system when monitoring the four harmful substances was about 0.67, and the 

mean square error of the water pollution early warning system when monitoring the four 

harmful substances was about 0.66. From the perspective of the mean absolute error and 

mean square error, it could be seen that the water pollution early warning system based on 

clustering algorithm had good detection accuracy. In addition, in the evaluation study of 

the water pollution early warning system, this paper reached the conclusion that most of 

the monitoring and early warning technicians were relatively approved of the water 

pollution early warning system. 

1. Introduction 

In recent years, human activities and changes in the natural environment have caused serious 

damage to the water resources and environment. At the same time, various human factors and 

accidental water quality emergencies occur frequently, thus seriously threatening the safety of urban 

water supply system. Cluster analysis is an important technology in the field of data mining, which 

can be well applied to data mining of digital types and the implementation of algorithms. By facing 
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this situation, this paper proposed a water pollution early warning system based on clustering 

algorithm, thus hoping to provide valuable reference for relevant research. 

Many scholars have studied water pollution and water quality detection. Hossain SM Zakir 

briefly introduced the biological monitoring technology and described its application in monitoring 

pesticide content and heavy metal content [1]. In order to predict the two water quality variables of 

Little Prespa Lake in Greece, Barzegar Rahim developed a short-term memory model, a 

convolution neural network model and a mixed model of the former two for water quality 

monitoring [2]. Echavarria-Caballero Carolina investigated and studied the water quality evolution 

in Surest Park and concluded that the water quality in Surest Park improved [3]. Li Z. H. O. U. 

studied the impact of river head system on water pollution, and concluded that the implementation 

of long system could reduce the negative impact of livestock manure production on surface water 

quality [4]. Khatri Punit developed a new water quality monitoring system for the limitation of high 

cost of water quality monitoring and proved its excellent monitoring performance through 

experiments [5]. Alam Arif U developed a monitoring system which could simultaneously monitor 

acid-base values, free chlorine, heavy metals and other substances in the water environment [6]. 

Water pollution and water quality detection are of great significance, and the following scholars 

have also participated in their research. Wu Jianhua studied the water quality and pollution of 

groundwater, and explored the main influencing factors of groundwater pollution after analyzing 

the water quality parameters [7]. Chen Zeng studied the noise removal of water quality data and 

proposed an adaptive noise removal method, which provided a reference for the relevant research 

on noise removal of water quality data [8]. Zhu Weiyu developed a method for surface water 

quality detection based on regression model, which could effectively detect water quality anomalies 

[9]. Pujar Prasad M. used the Internet of Things method to collect water quality data, and carried 

out water quality practice analysis of the Krishna River [10]. In order to better identify groundwater 

pollution, Xia Xuemin proposed a super parameter adjustment robust method to optimize the 

performance of genetic algorithm, and tested the effectiveness of this method through experiments 

[11]. In order to protect the health of water environment, this paper studied the construction of 

water pollution early warning system based on clustering algorithm and machine learning. 

In order to ensure the health of the water environment and the safety of people’s living and 

production water, this paper studied the early warning of water pollution, and proposed a system for 

early warning of water pollution based on clustering algorithm and machine learning. It also 

analyzed the overall structure and functions of the system, and discussed the control methods of 

water quality monitoring. This paper also studied the monitoring and early warning effect of the 

water pollution early warning system. Compared with other studies, the water pollution early 

warning system proposed in this paper used clustering algorithm as the data mining method, and the 

monitoring and early warning results also proved that the system had certain effectiveness. 

2. Overall Structure of Water Pollution Early Warning System 

The water source pollution early warning system includes three modules: water source sampling, 

data transmission and early warning, as shown in Figure 1. 
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Figure 1. The overall architecture of the water pollution early warning system 

The sampling module uses two self-priming pumps. One is used while the other is standby. A 

pressure sensor is installed on the outlet pipe of each pump. In routine monitoring, the system 

controls a water pump to start and take water samples. If the running water pump fails, the pressure 

sensor would detect the water level drop in the pipeline, and the system would stop the started water 

pump and convert it to other water pumps. In the selection of monitoring indicators, multiple 

pollution sources should be considered. In this paper, dissolved oxygen, COD, heavy metals, 

cyanide, formaldehyde and other elements were the main monitoring indicators. 

The data transmission module is a bridge between the water quality monitoring module and the 

early warning module. Its task is to timely and accurately transmit the relevant data collected by the 

water quality monitoring module to the early warning module. At present, there are many different 

data transmission methods, each of which has its advantages and disadvantages. The commonly 

used remote transmission methods include wireless channel, dial-up telephone line, global mobile 

communication system, general packet radio service technology, etc. In practical application, the 

transmission mode of real-time monitoring data should be reasonably selected according to the 

actual situation. In this case, this paper used the general packet radio service technology to realize 

the data exchange between the water quality monitoring module and the water quality early warning 

module. After the simulation signal of the original data is collected by the water quality monitoring 

module, the simulation signal can be converted into a format that can be recognized by the 

computer through the signal converter, and the data can be transmitted to the early warning module 

through the data transmission system module. 
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The early warning module is the last part of water quality monitoring, which is responsible for 

storing and processing initial data. After receiving the information from the water quality 

monitoring module, it would be stored in the original storage system. Through statistics and 

analysis of the initial data, the water quality would be modeled using relevant methods to identify 

and forecast the changes in water quality, and the corresponding emergency response plan would be 

developed according to the actual situation [12-13]. 

3. Evaluation of Early Warning Module of Water Pollution Early Warning System 

The early warning module of the water pollution early warning system includes data storage and 

data processing, as shown in Figure 2. 
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Figure 2. Early warning module of water pollution early warning system 

The data storage part is responsible for receiving the information transmitted by the water quality 

monitoring module. It is based on the distributed data structure and can meet the requirements of 

data input and retrieval. The main function of the data processing part is to analyze and process the 

previous data in the data storage part, and obtain the corresponding water quality change rules. It 

establish the corresponding mathematical model, so as to predict the future water quality and timely 

handle the sudden water quality change [14]. 

The clustering algorithm in machine learning is used for data analysis to predict water quality 
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[15]: 

The water quality monitoring data is standardized, and the water quality monitoring data is 

expressed in vector form: 
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The water quality monitoring data shall be standardized by the following formulas: 

q

qpq

pq
T

aa
a




                                 (4) 

 

   pq
mp

pq
mp

pq
mp

pq

pq
aa

aa
a











11

1

minmax

min

                           (5) 

If the similarity value is used to calculate the similarity of water quality monitoring samples, the 

following formulas can be obtained: 
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Among them, pqT
 is the similarity between water quality monitoring sample p and water quality 

monitoring sample q. 

The cluster file structure is used to search and obtain the cluster status of the cluster data. That is 

to say, the initial data is divided into several clusters. In this way, the cluster center of each cluster 

is an average vector of all sample vectors in the cluster, which can be obtained from the following 

formula: 
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In this cluster, n is the number of water quality monitoring samples. 

Each cluster is clustered and archived to form a cluster center file. Cluster search is mainly based 

on the cluster center file. After providing a cluster center file, each cluster is searched and compared 

with the information provided. On this basis, the similarity of each cluster is calculated, and the 

cluster with the greatest similarity is selected as the initial search. That is to say, the known data to 

be queried is included in this cluster. The software can be used to calculate the similarity between 

the query data vector and each cluster center, and obtain the maximum value after the calculation, 

so as to quickly determine which cluster the data to query is. By comparing the information to be 

checked with the information of its cluster, the information of which water quality monitoring site 

the information to be checked can be obtained. In addition, in order to ensure the accuracy of the 

retrieval results, the monitoring data should also be updated. At the same time, the data of different 

periods should be compared and analyzed, so as to better understand the evolution of the water 

quality of the water source, and better monitor and control the water quality. 

Provision of warning plan: The warning plan is also the disposal plan for pollution accidents. 

This section contains many optimal treatment methods that should be adopted under various 

pollution conditions. 

Management decision: When the environmental pollution event occurs or the predicted value 

reaches the warning line, the early warning module would analyze the characteristics of the 

environmental quality and compare it with the pollution situation of the monitoring plan. If there is 

a similar situation, the system can be used to deal with it directly, which greatly shortens the 

processing time and feeds back relevant information to relevant departments. 

Information release: The water quality of the water source is regularly released, and the 

emergency is issued with early warning. When the format of the published information does not 

change much, the template can be used to input only text and automatically generate corresponding 

graphics. 

In terms of ensuring the effectiveness of the water pollution early warning system, the quality of 

water quality monitoring should be strengthened from the following aspects. Before water quality 

monitoring, corresponding monitoring instruments and equipment shall be configured and 

maintained to ensure the normal operation of water quality monitoring and early warning system 

and avoid errors in monitoring data. In order to ensure the representativeness of samples, the 

collection, transportation and testing of water quality samples should strictly comply with relevant 

specifications and procedures. Sampling must be carried out in strict accordance with the specified 

method. The temperature of the water source sample should be maintained to ensure the stability of 

the water source sample. In the process of water source sample monitoring, the monitoring and 

early warning personnel are required to have a certain level of professional technology and can use 

the instrument correctly to ensure the standardization of the inspection work. The monitoring and 

early warning personnel shall strictly monitor the temperature and humidity of the laboratory and 

conduct standardized operation to avoid adverse effects on the monitoring and test results. 

4. Effect and Recognition Evaluation of Water Source Pollution Early Warning System 

In this paper, the water pollution early warning system based on clustering algorithm was used to 

test arsenic, formaldehyde, cyanide and COD, so as to determine the monitoring and early warning 

accuracy of the water pollution early warning system. In the form of interviews, the recognition 

degree of the water pollution monitoring and early warning technology personnel to the water 

pollution early warning system proposed in this paper was investigated. 

Arsenic, formaldehyde, cyanide and COD solutions of different concentrations were prepared 

and tested with the water pollution early warning system. The test results were shown in Table 1. 
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Table 1. The results of testing by the early warning system for water pollution 

 
True value of hazardous 

substances (mg/L) 

The actual detection value 

of the hazardous substance 

(mg/L) 

Arsenic 20 18.63 

Formaldehyde 13.5 12.94 

Cyanide 2 1.89 

COD 100 99.35 

The average value of absolute error and mean square error were used to evaluate the water 

source environmental pollution monitoring effect of the water source pollution early warning 

system. First, the monitoring deviation value and the square value of the monitoring deviation of the 

water source pollution early warning system for four hazardous substances were obtained, as shown 

in Figure 3. 

 
3a: Monitoring deviation value         3b: Squared value of monitoring deviation 

Figure 3. The monitoring deviation value and the square value of the monitoring deviation of the 

four harmful substances of the water pollution early warning system 

As shown in Figure 3, Figure 3a showed the monitoring deviation of the water pollution early 

warning system for four hazardous substances, and Figure 3b showed the square value of the 

monitoring deviation of the water pollution early warning system for four hazardous substances. It 

could be seen from Figure 3a that the monitoring deviation of the water pollution early warning 

system for arsenic, formaldehyde, cyanide and COD was not high. Among them, the deviation 

value of arsenic monitoring by the water pollution early warning system was 1.37, and the deviation 

value of formaldehyde monitoring by the water pollution early warning system was 0.56. The 

deviation value of cyanide monitoring by the water pollution early warning system was 0.11, and 

the deviation value of COD monitoring by the water pollution early warning system was 0.65. It 

could be calculated from the above data that the average absolute error of the water source pollution 

early warning system in monitoring four hazardous substances was about 0.67. It could be seen 

from Figure 3b that the square value of the monitoring deviation of the source pollution early 
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warning system for arsenic, formaldehyde, cyanide and COD was also not high. Among them, the 

square deviation of arsenic monitoring by the water pollution early warning system was 1.8769, and 

the square deviation of formaldehyde monitoring by the water pollution early warning system was 

0.3136. The square deviation of cyanide monitoring by the water pollution early warning system 

was 0.0121, and the square deviation of COD monitoring by the water pollution early warning 

system was 0.4225. It could be calculated from the above data that the mean square error of the 

water pollution early warning system in monitoring four hazardous substances was about 0.66. 

This paper investigated the recognition of the water pollution monitoring and early warning 

system proposed in this paper by the water pollution monitoring and early warning technicians in 

the form of interviews. Two interviews were conducted. There were 25 people in each interview. 

The recognition of monitoring and early warning technicians to the water pollution early warning 

system was shown in Figure 4. 

 
4a: Results of the first interview       4b: Results of the second interview 

Figure 4. Monitoring and early warning technicians’ approval of the early warning system for 

water pollution 

As shown in Figure 4, Figure 4a showed the recognition of monitoring and early warning 

technicians to the water pollution early warning system under the first interview scenario, and 

Figure 4b showed the recognition of monitoring and early warning technicians to the water 

pollution early warning system under the second interview scenario. From Figure 4a, the following 

information could be obtained: 19 monitoring and early warning technicians were highly recognized 

for the water pollution early warning system, and 5 monitoring and early warning technicians were 

generally recognized for the water pollution early warning system. One monitoring and early 

warning technician did not approve the water pollution early warning system. According to the 

interview, the monitoring and early warning technician believed that the network transmission 
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efficiency of the water pollution early warning system was not high enough. From Figure 4b, the 

following information could be obtained: 17 monitoring and early warning technicians were highly 

recognized for the water pollution early warning system, and 6 monitoring and early warning 

technicians were generally recognized for the water pollution early warning system. Two 

monitoring and early warning technicians did not approve the water pollution early warning system. 

According to the interview, among the monitoring and early warning technicians who did not 

recognize the water pollution early warning system, one thought that the pollutant detection types of 

the water pollution early warning system were not enough, and the other thought that the pollutant 

detection accuracy of the water pollution early warning system still needed to be improved. 

5. Conclusion 

Water is an essential factor for people’s survival. Clean, sufficient and stable water supply is an 

important guarantee for the development of a city. With the acceleration of urbanization and 

industrialization, people are increasingly dependent on water. However, at the same time, there are 

water pollution problems in many areas. Based on this, this paper studied the monitoring and early 

warning of water quality pollution, and proposed a water quality monitoring and early warning 

system based on clustering algorithm. This paper introduced the three modules of water source 

sampling, data transmission and early warning included in the water source water quality 

monitoring and early warning system in detail, and focused on the early warning module, which 

also studied the effect of water source pollution monitoring and early warning. The following 

conclusions were drawn through the study: From the perspective of the mean absolute error and 

mean square error, the water source monitoring and early warning system based on clustering 

algorithm had high monitoring and early warning accuracy. Although the research in this paper 

could provide some reference for the related research of water source monitoring and early warning, 

its research also had limitations. Due to the limited access, it is hoped that it would have the 

opportunity to increase the sample of interviewees in future research. 
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