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Abstract: Water pollution has become more serious due to the rapid development of
urbanisation and information technology in China and the rapid growth of the social
economy. Water quality safety has become a major challenge in the world today and water
pollution control is urgent. In recent years, urban groundwater contamination has been a
frequent occurrence, and water safety has received key attention. Water quality assessment
is an important task to ensure safe water for urban residents. Studying and assessing the
risk of contamination at major water sources is key to solving major water pollution
incidents. In this paper, the improved analytic hierarchy process is used to establish the risk
assessment model of groundwater pollution (GWP) accidents, analyze the GWP situation
in M city, and obtain that the risk of COD and ammonia nitrogen pollution in groundwater
in M city has an increasing trend. In order to prevent and control water pollution in M City,
suggestions on pollution source risk management and control and groundwater quality
monitoring are put forward.

1. Introduction

As an effective way to prevent and control water pollution, urban wastewater treatment projects
play an important role in urban construction and development, are closely related to urban and
regional planning and development, and have a profound impact on the surrounding population and
the development of the project site. Urban water pollution treatment is of increasing concern due to
the ongoing urbanisation and the centralised construction and operation of wastewater treatment
facilities.

In recent years, water pollutants have started to become complex and variable, and research into
different pollutants has been included in the agenda. Some researchers have analysed the risk
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factors of emergency water pollution in China at this stage, determined the level of water pollution
through emergency risk assessment and identified shortcomings in water pollution management
efforts, and then simulated the results of hydrodynamic modelling of water pollution dispersion
based on the establishment of relevant emergency planning indicators [1-2]. A risk assessment
framework capable of predicting temporal and concentrated water pollutants in real time has been
developed, and a risk assessment system has been established through a PSR model to identify
water pollution risk sources and provide reasonable risk prevention and control measures to ensure
that future risk management measures can be implemented consistently [3]. Although there are
numerous research results on risk assessment of water pollution accidents, water pollution risk
assessment is less studied in China and is not yet part of conventional environmental assessment, so
further analytical work on water pollution risk assessment is needed.

This paper first introduces the concept of AHP, proposes an improved AHP method according to
the shortcomings of AHP, and then analyzes the current situation of research on risk prevention of
water pollution accidents. Then, taking the GWP in M City as an example, the GWP risk in M City
is evaluated by analyzing the changes of PH value, COD and ammonia nitrogen in M City in
2017-2021, and finally, the countermeasures for the prevention and control of GWP in M City are
proposed.

2. Basic Overview
2.1. Improved Analytic Hierarchy Process (AHP)

AHP is a hierarchical evaluation metric, where evaluation metrics are divided into target levels,
decision levels, etc. By combining previous experience with the metric whose components are more
important in a two-by-two comparison of different metrics, the importance of each metric can be
assessed against predefined scoring criteria to generate a scoring matrix [4].AHP is a systematic,
fast and practical analysis that requires relatively little quantitative data and which is very easy to
collect. However, the lack of quantitative data and the overwhelming influence of human
confounding factors make it less convincing, while data collection and weighting are more difficult
when there are many indicators [5]. In addition, as AHP needs to be divided into nine allocation
levels, the experience of decision makers is more stringent and the consistency testing process
cannot be carried out smoothly. As a result, some scholars have increased the level of traditional
AHP scoring, which has the advantage of being able to compare the importance of indicators more
accurately and make the judgement matrix more mathematically sound. When it is not easy to
define the importance of the assessment matrix, the AHP method is usually used, dividing the nine
scales into three levels and reducing the influence of subjective outcome assessment [6-7]. The
specific process is shown in Figure 1.

The advantages and disadvantages of improving AHP are as follows:

Advantages: designed according to a decomposition, matching and basic ranking process, with a
strong systematic and clear logical thinking; adapted to decisions that lack quantitative data or have
strong subjective preferences. Disadvantages: if there are too many indicators, the amount of data to
be calculated and considered increases and the calculation process becomes more complex; only the
best of the current calculation results can be selected and no new calculation options are available

[8].
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Figure 1. Improved AHP calculation process
2.2. Research on Risk Prevention of Water Pollution Accidents

Accidents are usually not accidental, there are factors beyond control in time and space that exist,
but in reality they are a variety of cumulative and expanding safety hazards that ultimately exceed
the limits of unavoidable outcomes, and accidents caused by water pollution fall into this category.
In today's commercial society, various processes and technologies are man-made, and the results
produced by manufacturing are not inevitable; these incomplete aspects will be the premise of an
accident, and in theory any accident can be avoided and stopped [9]. Sudden water pollution
accidents are a special type of accident, which are less predictable than ordinary accidents and have
a high potential for disaster and secondary damage, so preventing water pollution can prevent not
only accidents but also the spread of accidents. Risk prevention focuses on eliminating risk at an
early stage, ensuring that effective preventive measures better reflect the value of prevention,
identifying and responding to the main factors affecting risk, and improving the effectiveness of
risk prevention [10-11].

3. Risk Analysis of GWP Accident in M City
3.1. Establishment of GWP Accident Risk Assessment Model Based on Improved AHP

The AHP first invites experts to give a comparison matrix for each level of judgement and then
quantifies it through mathematical operations, which is extremely convincing in analysing complex

52



Water Pollution Prevention and Control Project

problems with multiple objectives and indicators. The improved AHP is adopted to evaluate the
GWP risk, and the evaluation expression of groundwater protection urgency is as follows:

H
= (W, W, (U j
1)

Where, k is the evaluation result of groundwater protection urgency, H is the evaluation result of

GWP susceptibility, U is the evaluation result of groundwater value function, and Wh and Wo
are their weight values respectively.
Comprehensive evaluation of groundwater contamination risk:

=(wklwe{g o
'=C.-Co 3)

Where, K is the GWP risk evaluation result, G is the pollution load level evaluation result, Wi
and We are their weight values respectively, | is the pollution index, C is the measured level of

the water pollutant and Co is the background value of the pollutant.
3.2. Evaluation of GWP Risk in M City

The groundwater of M city is sampled, and the sampling points are No. A, No. B and No. C. The
trend of water quality change of these 3 sampling points during 2017-2021 is analyzed, and then the
risk of water pollution accident in M city is evaluated.
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Figure 2. pH change trend
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The pH value is a basic indicator of the reaction of water quality conditions, which is related to
the natural phenomena of aqueous solutions, chemical processes, both in terms of the content of
heavy metals and evaluation of the toxicity of toxic substances. As shown in Figure 2, the variation
pattern of pH value shows that the variation range of pH value of groundwater in M city from 2017
to 2021 is between 7.5-8.5, and the water quality is alkaline. The variation pattern along the range
basically follows the principle of decreasing along the range.

Table 1. Trend of COD value (mg/L)

2017 2018 2019 2020 2021
A 19.35 6.28 14.52 16.33 11.46
B 5.18 7.93 10.41 8.77 12.23
C 14.76 14.08 12.97 10.24 13.58
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Figure 3. Change in COD pollution from 2017 to 2021

As shown in Table 1 and Figure 3, the trend of COD from 2017 to 2021 shows that its level
changes between 5.0-20.0 mg/L. Except for sampling point A where COD exceeds 15.0 mg/L in
2017 and 2020, most of the monitored values are below 15.0 mg/L, which is lower than the limit
value of Class | water in the surface water environmental quality standard, indicating that the COD
content of groundwater in city M is low. And the changes of COD at sampling points B and C were
relatively smooth. Some scholars have pointed out that the COD values of groundwater in M city
are around 11.0-13.0 mg/L and the trend is smooth. This conclusion is comparable to that obtained
in this paper. However, in 2021, there is an increasing trend of COD values in groundwater, which
indicates that the risk of COD contamination of groundwater in M city may increase.
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Figure 4. Trends of ammonia nitrogen (mg/L)

Ammonia nitrogen mainly comes from human and animal manure and petrochemical and
metallurgical industries. According to the report, the main pollutants in the groundwater of city M
contain high concentration of ammonia nitrogen in all years, which is mainly due to the discharge
of domestic sewage and the discharge of chemical and metallurgical enterprises in city M. As the
results in Figure 4 show, the variation of ammonia nitrogen in the groundwater of city M is not
large. The results show that ammonia nitrogen has not changed much over the years, and the range
of change is 17.0-27.0 mg/L. There are many important petrochemical enterprises in M city, and the
population of M city is large, so the amount of domestic sewage discharge is large, and the daily
treatment capacity of the sewage treatment plant is smaller than the discharge, which causes the
increase of ammonia nitrogen content in groundwater in M city.

In summary, the overall variability of the temporal distribution of COD, ammonia nitrogen and
pH in the groundwater of M city is large, without obvious regularity, and has the characteristic of
great randomness. From the change trend of these three types of pollutants, COD pollution and
ammonia nitrogen pollution have a rising trend, and these two pollutants cause a greater risk of
water pollution to groundwater.

4. \Water Pollution Prevention and Control Measures
4.1. Pollution Source Risk Control Measures

In view of the high risk of GWP accidents in M, strict measures should be taken to prevent the
deterioration of GWP. The high-risk area is part of the main protection zone, where the discharge of
toxic and hazardous wastewater and other wastes is prohibited; the use of highly toxic pesticides
with large residues is prohibited; the dumping of wastewater in the bay is prohibited; and the
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exploitation of groundwater is prohibited. The acquisition and construction of the main sources of
GWP are strictly controlled and GWP is closely investigated. Regarding existing sources of
pollution, removal, relocation and cleaning of polluted sites need to be carried out [12].

Considering the level factor of production and processing equipment, the forced shutdown or
relocation of high-temperature, high-pressure, high-risk enterprises means the elimination of
obsolete and outdated production equipment. Targeting the effluent discharge factor, the city's
sewage system should be completely revamped to improve the sewage network system in M and
reduce sewage leakage. The government should increase funding for sewage control, speed up the
construction of infrastructure in M city, improve the management system of enterprises and increase
the capacity of sewage collection and treatment in M city; supervise and manage the river zone
sewage authority; the difference between the permitted discharge rate and the excessive discharge
rate is that the excessive discharge rate should be punitive, the more serious it is, the higher the rate
[13-14]..

4.2. Improve Enterprise Risk Protection Policy Support to Ease Enterprise Resistance

As the most direct audience of the GWP prevention policy, the city of M has many industrial
enterprises involved in urban pollution and strong opposition, so it needs to be given corresponding
subsidies from other perspectives, such as incentive compensation policies. First, establish an
incentive mechanism for industrial upgrading to promote the clean transformation of major
polluting industries. Improve incentive mechanisms to promote the transformation and upgrading of
major polluting enterprises, implement industrial clean production demonstration projects and
promote industrial clean transformation [15]. Continue to deepen green credit services, with a focus
on supporting industrial crop economies, clean water pollution and clean industry, and deepen green
credit financial services for policy-oriented financial institutions. Secondly, compensate companies
for closing and transferring operations in the form of subsidies in lieu of public compensation or
subsidies to compensate companies for economic losses suffered and to reduce the resistance
pressure on affected companies [16-17]. Third, accelerate the operation of the environmental
pollution liability insurance system to transfer the risk of water pollution from companies.

4.3. Strengthen Groundwater Quality Monitoring

Most of the current water supply facilities in M are old, as is the water supply network. it is
difficult to ensure that major water pollution incidents are detected and that the drinking water in M
is safe. Therefore, there is a need to strengthen the monitoring of groundwater quality in and around
M. The establishment of a complete and effective water quality monitoring network is very
important for the people of M and its surrounding areas [18-19]. Therefore, in order to prevent
groundwater pollution in M, it is necessary to strengthen the daily monitoring of groundwater
quality. The relevant institutions in M need to build a complete water quality monitoring system for
the current situation of groundwater pollution, establish an online automatic water quality
monitoring network system as soon as possible, improve the monitoring ability of pollution sources,
increase the number of inspections and supervision of the upper pools in M, and ensure the safety of
human drinking water in M.

5. Conclusion

Urban GWP events have an impact on water quality safety, destabilize water ecology and
endanger the health of urban residents. In this paper, based on the evaluation results of GWP risks
in M, for the prevention and control of GWP in M, we should insist on the equal importance of
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pollution source supervision and groundwater environmental protection, implement a combination
of independent management and supervision and management to supervise key pollution sources,
and adopt GWP prevention and control measures that are prevention-oriented, protection-first and
treatment-remediation-supplementary.

Funding
This article is not supported by any foundation.
Data Availability

Data sharing is not applicable to this article as no new data were created or analysed in this
study.

Conflict of Interest
The author states that this article has no conflict of interest.
References

[1] V. A. Miklush, I. A. Sikarev, Tatiana M. Tatarnikova. Organization of Environmental
Monitoring of the Port Water Area by Processing an Anti-Interference Signal from a Vessel
Traffic Control System. Autom. Control. Comput. Sci. (2021) 55(8): 999-1004.
https://doi.org/10.3103/S0146411621080204

[2] Victor Manuel Zezatti, Alberto Ochoa, Gustavo Urquiza, Miguel Basurto, Laura Castro, Juan
Garcia. The Implementation of a Nickel-Electroless Coating in Heat Exchanger Pipes
Considering the Problem of the Environmental Conditions ofthe Cooling Water Without
Recirculation to Increase the Effectiveness Under Uncertainty. Int. J. Comb. Optim. Probl.
Informatics. (2022) 13(4): 73-82.

[3] Haider A. H. Alobaidy, Rosdiadee Nordin, Mandeep jit Singh, Nor Fadzilah Audullah, Azril
Haniz, Kentaro Ishizu, Takeshi Matsumura, Fumihide Kojima, Nordin Bin Ramli.
Low-Altitude-Platform-Based Airborne 10T Network (LAP-AIN) for Water Quality Monitoring
in Harsh Tropical Environment. IEEE Internet Things J. (2022) 9(20): 20034-20054.
https://doi.org/10.1109/J10T.2022.3171294

[4] Utsav Pandey, Sanjeet Singh. Data envelopment analysis in hierarchical category structure
with  fuzzy  boundaries.  Ann. Oper. Res. (2022)  315(2): 1517-1549.
https://doi.org/10.1007/s10479-020-03854-8

[5] Cristina Vllalonga-Gomez, Marcal Mora Cantallops. Profiling distance learners in TEL
environments: a hierarchical cluster analysis. Behav. Inf. Technol. (2022) 41(7): 1439-1452.
https://doi.org/10.1080/0144929X.2021.1876766

[6] Suhyun Hwangbo, Sungyoung Lee, Seungyeoun Lee, Heungsun Hwang, Inyoung Kim, Taesung
Park. Kernel-based hierarchical structural component models for pathway analysis. Bioinform.
(2022) 38(11): 3078-3086. https://doi.org/10.1093/bioinformatics/btac276

[7] Esfandiar Nava Yazdani, Hans-Christian Hege, Christoph von Tycowicz. A Hierarchical
Geodesic Model for Longitudinal Analysis on Manifolds. J. Math. Imaging Vis. (2022) 64(4):
395-407. https://doi.org/10.1007/s10851-022-01079-x

[8] Mo Modarres, David Cochran, David N. Kennedy, Richard C. Schmidt, Paula A. Fitzpatrick,
Jean A. Frazier. Biomarkers Based on Comprehensive Hierarchical EEG Coherence Analysis:

57



Water Pollution Prevention and Control Project

Example Application to Social Competence in Autism (Preliminary Results). Neuroinformatics.
(2022) 20(1): 53-62. https://doi.org/10.1007/s12021-021-09517-8

[9] Gabriel Cretin, Tatiana Galochkina, Yann Vander Meersche, Alexandre G. de Brevern,
Guillaume Postic, Jean-Christophe Gelly. SWORD2: hierarchical analysis of protein 3D
structures. Nucleic Acids Res. (2022) 50(W1): 732-738. https://doi.org/10.1093/nar/gkac370

[10] Swati Chopade, Hari Prabhat Gupta, Rahul Mishra, Preti Kumari, Tanima Dutta. An
Energy-Efficient River Water Pollution Monitoring System in Internet of Things. IEEE Trans.
Green Commun. Netw. (2021) 5(2): 693- 702. https://doi.org/10.1109/TGCN.2021.3062470

[11] Amal Agarwal, Lingzhou Xue. Model-Based Clustering of Nonparametric Weighted Networks
With Application to Water Pollution Analysis. Technometrics. (2020) 62(2): 161-172.
https://doi.org/10.1080/00401706.2019.1623076

[12] Angelika Zube, Dominik Kleiser, Alexander Albrecht, Philipp Woock, Thomas Emter,
Boitumelo Ruf, Igor Tchouchenkov, Aleksej Buller, Boris Wagner, Ganzorig Baatar, Janko
Petereit. Autonomously mapping shallow water environments under and above the water
surface. Autom. (2022) 70(5): 482-495. https://doi.org/10.1515/auto-2021-0145

[13] Totan Garai, Harish Garg. Possibilistic multiattribute decision making for water resource
management problem under single-valued bipolar neutrosophic environment. Int. J. Intell. Syst.
(2022) 37(8): 5031-5058. https://doi.org/10.1002/int.22750

[14] Suresh Muthulingam, Suvrat S. Dhanorkar, Charles J. Corbett. Does Water Scarcity Affect
Environmental Performance? Evidence from Manufacturing Facilities in Texas. Manag. Sci.
(2022) 68(4): 2785-2805. https://doi.org/10.1287/mnsc.2021.4013

[15] Sivaraman Eswaran, Daniel Dominic, Jayapandian Natarajan, Prasad B. Honnavalli.
Augmented intelligent water drops optimisation model for virtual machine placement in cloud
environment. IET Networks. (2020) 9(5): 215-222. https://doi.org/10.1049/iet-net.2019.0165

[16] Adam Niewiadomski, Marcin Kacprowicz. Type-2 Fuzzy Logic Systems in Applications:
Managing Data in Selective Catalytic Reduction for Air Pollution Prevention. J. Artif. Intell.
Soft Comput. Res. (2021) 11(2): 85-97. https://doi.org/10.2478/jaiscr-2021-0006

[17] R. Saravana Ram, M. Vinoth Kumar, N. Krishnamoorthy, A. Baseera, D. Mansoor Hussain, N.
Susila. Industrial Centric Node Localization and Pollution Prediction Using Hybrid Swarm
Techniques. Comput. Syst. Sci. Eng. (2022) 42(2): 545-460.
https://doi.org/10.32604/csse.2022.021681

[18] Akihiko Yanase, Keita Kamei. Dynamic Game of International Pollution Control with General
Oligopolistic Equilibrium: Neary Meets Dockner and Long. Dyn. Games Appl. (2022) 12(3):
751-783. https://doi.org/10.1007/s13235-022-00434-2

[19] Ratul Lahkar, Vinay Ramani. An Evolutionary Approach to Pollution Control in Competitive
Markets. Dyn. Games Appl. (2022) 12(3): 872-896.
https://doi.org/10.1007/s13235-021-00412-0

58



