
 
International Journal of Hydrology Science and Technology
 
ISSN online: 2042-7816 - ISSN print: 2042-7808
https://www.inderscience.com/ijhst

 
A software for water pollution treatment technology evaluation
by supporting customisable indicator systems for specific
scenarios
 
Bo Song, Chen Chen, Rongrong Kou
 
DOI: 10.1504/IJHST.2022.10050837
 
Article History:
Received: 25 April 2022
Accepted: 09 August 2022
Published online: 01 December 2023

Powered by TCPDF (www.tcpdf.org)

Copyright © 2024 Inderscience Enterprises Ltd.

https://www.inderscience.com/jhome.php?jcode=ijhst
https://dx.doi.org/10.1504/IJHST.2022.10050837
http://www.tcpdf.org


   

  

   

   
 

   

   

 

   

   Int. J. Hydrology Science and Technology, Vol. 17, No. 1, 2024 75    
 

   Copyright © 2024 Inderscience Enterprises Ltd. 
 
 

   

   
 

   

   

 

   

       
 

A software for water pollution treatment technology 
evaluation by supporting customisable indicator 
systems for specific scenarios 

Bo Song and Chen Chen 
School of Energy and Environmental Engineering, 
University of Science and Technology Beijing, 
Beijing, 100083, China 
Email: songbo@pku.edu.cn 
Email: chenchenustb@126.com 

Rongrong Kou* 
Environmental Development Center, 
Ministry of Ecology and Environment, China 
Email: 15165127@qq.com 
*Corresponding author 

Abstract: Determining the best water pollution treatment technology (WPTT) 
is one of the biggest challenges in water pollution management. We proposed 
the point of ‘specific evaluations for specific scenarios’ to select appropriate 
technologies that can improve the efficiency of water pollution treatment. This 
point refers to establishing specific indicator systems for water pollution 
treatment technology evaluation (WPTTE) for specific scenarios. A software 
was developed to achieve ‘specific evaluations for specific scenarios’ by 
supporting the rapid construction of customised indicator systems. The 
functions of this software include data management, indicator system matching, 
visualising construction of indicator systems, comprehensive evaluation and 
graphic display. In addition, the software was demonstrated by an example of 
ammonia nitrogen wastewater treatment technology selection. The software can 
meet the demands of multi-scene and multi-role evaluation and make the 
establishment of indicator systems more straightforward and effective. The 
study provides a solid foundation for ‘specific evaluations for specific 
scenarios’. 

Keywords: water pollution; treatment technology; technology evaluation; 
specific evaluations for specific scenarios; indicator system; analytic hierarchy 
process; AHP; evaluation software. 
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1 Introduction 

Different water pollution treatment technologies (WPTT) are suitable for different water 
pollution scenarios (Travanca et al., 2017; Yao et al., 2020). Selecting the right WPTT is 
one of the biggest challenges in water pollution management (Khan et al., 2022; 
Mahjouri et al., 2017; Yuan et al., 2019; Zhang et al., 2020). Water pollution treatment 
technology evaluation (WPTTE) is the current mainstream method of selecting the best 
WPTT (Ali et al., 2020; Ren and Liang, 2017). Different indicator systems may lead to 
different conclusions (Shi et al., 2019). Thus, determining the indicator system is key to 
WPTTE (Silva and Rosa, 2020). In previous studies, some WPTTEs use the same 
indicator system, which may ignore specific evaluation scenes and evaluators’ selection 
preferences, thus resulting in different evaluation results (Qu et al., 2016b). In practice, 
the indicator system cannot be invariable (Mahjouri et al., 2017; Qu et al., 2016b; Sharma 
et al., 2021). For example, even with the same type of water pollution event, the WPTT 
selection may be influenced by various factors such as water source and pollution 
concentration (Selihin and Tay, 2022; Varjani et al., 2020). Hence, customisable indicator 
systems for WPTTEs should be established for specific water pollution scenes and 
evaluation roles, such as different geographical regions, water quality characteristics, 
management policies, development stages, researchers, users, investors and  
decision-makers. This evaluation demand is termed ‘specific evaluations for specific 
scenarios’ in this study. 

In recent decades, domestic and foreign scholars have solved WPTTE for different 
scenarios by determining weights. For example, Liu et al. (2020) developed three sets of 
indicator weights for selecting the optimal wastewater treatment technology based on the 
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specific geography of three counties. Qu et al. (2016a) determined four sets of indicator 
weights according to the four threat degrees of water pollution. Sadr et al. (2015) 
established four sets of weights to select the most appropriate WPTT for unrestricted and 
restricted non-potable reuse applications in South Africa’s cities and suburban areas. 
Nevertheless, they ignore that different scenarios may also affect the indicator topology 
structure and scoring criteria. Therefore, the research on the ‘specific evaluations for 
specific scenarios’ is far from adequate and has plenty of room for improvement. 

In the face of complex and substantial evaluation demands, using existing methods to 
establish indicator systems of the ‘specific evaluations for specific scenarios’ is costly, 
laborious and time-consuming. At this point, with the help of software technology, 
achieving ‘specific evaluations for specific scenarios’ is particularly important. However, 
software development research has currently reported little on constructing the indicator 
system of WPTTE. The existing studies still have some deficiencies. For example, the 
Liaohe River Basin’s WPTTE software (Li et al., 2011; Xiang et al., 2013) used fixed 
indicators to evaluate the same type of water pollution events. Wongburi and Park (2018) 
developed an expert system in Excel ® program to determine the best WPTT, which has 
difficulty coping with the complex and variable evaluation. Liu et al. (2017) developed a 
decision-making platform that uses the same indicators to evaluate emergency disposal 
technologies for water pollution. The software by Ishak et al. (2020) is only used for 
palm oil wastewater treatment technology evaluation. In addition, some common decision 
software such as yet another analytic hierarchy process (YAAHP), yet another analytic 
network process (YAANP), super decision and expert choice have been developed at 
home and abroad. These applications can support the construction of indicator systems 
and calculate evaluation results. However, they are not perfect in comprehensiveness, 
compatibility, ease of use, openness and efficiency, particularly the browser/server (B/S) 
network architecture, database and open application programming interface. Therefore, 
the existing software has difficulty meeting the evaluation demand of ‘specific 
evaluations for specific scenarios’. 

For this purpose, on the basis of a wide-ranging investigation of existing WPTTE 
indicator systems and supporting tools, this study proposed to construct customisable 
indicator systems for WPTTE according to specific scenarios, namely, ‘specific 
evaluations for specific scenarios’. Moreover, we developed WPTTE software to help 
achieve ‘specific evaluations for specific scenarios’. 

2 Indicator system construction 

The definition of the indicator system is not clear in academia. Most scholars believe that 
the indicator system consists of indicators and a topology structure (Liu et al., 2021; 
Wang et al., 2021). Some scholars believe that the weight should be increased based on 
the above (Xu et al., 2021). Moreover, some scholars believe that scoring criteria should 
also be added to the indicator system research (Zhou et al., 2021). We analysed  
81 WPTTE cases during the 11th and 12th Five-Year Plans of the China Major Science 
and Technology Project for Water Pollution Control and Treatment. We found that the 
above three views were reflected. The study agrees with the third view that the indicator 
system contains three parts: topology structure, weight and scoring criterion (see  
Figure 1). 
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Figure 1 Composition of the indicator system 

 

2.1 Indicator topology structure 

The indicator topology structure reflects the tree topology relations of each indicator. 
Nodes can be divided into three types. The first type is the root node, the summary point 
located at the topology structure’s highest level. The second type is the branch node 
distributed in the topology structure’s middle level, which corresponds to all levels of 
indicators except the bottom level. The third type is the leaf node, located at the bottom 
level of the topology structure, which corresponds to the bottom indicators. Each leaf 
node can transform the data in the database into dimensionless scores by scoring criteria. 

2.2 Weight 

The weights reflect each indicator’s importance (branch nodes, leaf nodes). The main 
methods for determining the weights are the subjective weighting method, objective 
weighting method and combination weighting method (Shi et al., 2018). The subjective 
weighting method means that the experts determine weights based on their empirical 
knowledge, such as the analytic hierarchy process (AHP) and the Delphi method. The 
objective weighting method determines weights by the relationship between the basic 
data, such as the entropy weight method and variance coefficient. Furthermore, the 
combination weighting method combines subjective and objective methods to determine 
weights. The AHP or the expert scoring method determined the indicator weight in this 
study. 
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2.2.1 Analytic hierarchy process 
The AHP has been widely studied and applied since its introduction by Saaty (1977). In 
the AHP, the weights are exported by building judgement matrixes. The main steps to 
determine the indicator weights using AHP are as follows (Feng et al., 2014; Sun et al., 
2016): 

Step 1 Construction of judgement matrix: Experts and scholars use the 1–9 scaling 
method to compare indicators under the same node and at the same level with 
each other to form a judgement matrix. 

( )ij n nA a
×

=  (1) 

where n is the judgement matrix order, aij denotes the importance value of  
nodes i and j relative to the parent node and follows the following criteria: 
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Step 2 Calculate the weights: Use the square root method to calculate the weights of the 
nodes relative to their parent node. 

1
, 1, 2, ,

n
i ijj

M a i n
=

= =∏   (3) 

n
j iw M=  (4) 

1

i
i n

ii

ww
w

=

=


 (5) 

1

2

n

w
w

W

w

 
 
 =
 
 
 


 (6) 

Step 3 Consistency testing: The consistency ratio (CR) is used to determine the 
consistency of the judgement matrix. The calculation formula is as follows: 
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where CI is the consistency index, λmax is the largest eigenvalue of the 
judgement matrix, and RI is the average random consistency index. The RI value 
is obtained by querying the table (Wei et al., 2020). If CR < 0.1, the degree of 



   

 

   

   
 

   

   

 

   

   80 B. Song et al.    
 

    
 
 

   

   
 

   

   

 

   

       
 

consistency is considered satisfactory. Otherwise, the judgement matrix must be 
adjusted. 

2.2.2 Expert scoring method 
The expert scoring method refers to experts or expert groups scoring each indicator on 
the basis of the specific scenarios and their own experience. Under the same node, the 
ratio of each indicator score to the total score of indicators at the same level is the weight 
value of the indicator. The method is simpler and easier to understand but requires more 
overall perception abilities from the expert. 

2.3 Scoring criterion 

The scoring criterion intends to eliminate the dimensional difference between the 
indicators. Different indicators are treated according to standardisation guidelines. The 
scoring criterion is determined on the basis of national, regional and industry standards, 
relevant research literature and expert consultation. This study used four scoring criterion 
calculation methods: direct proportion, inverse proportion, piecewise function and  
one-vote veto. The direct proportion means that the indicator value is positively 
correlated with the target value, which cannot be 0. The inverse proportion means that the 
indicator value is negatively correlated with the target value, and its value cannot be 0. 
Piecewise scoring maps the indicator values to irregular lines according to user 
requirements. When the line segmentation is thin enough, it can support various shapes of 
mapping functions in theory. The one-vote veto setting can reflect some special rules, 
such as the country or industry setting a strict limit value for a specific indicator. When 
the technology indicator exceeds or falls below the limit value, technology should be 
‘vetoed’. 

3 Software development 

3.1 Function design 

On the basis of the above study, we used Microsoft SQL Server 2008 as the database and 
Java as the development language to develop a software of B/S model for constructing 
indicator systems rapidly. The software consists of seven main functions: basic data 
management, indicator data extraction, indicator system matching, indicator system 
construction, comprehensive evaluation, graphic display and system management (see 
Figure 2): 

1 Basic data management: The software provides the operations of adding, deleting, 
modifying and querying required for basic data management. 

2 Indicator data extraction: The software provides two means of data filtering and 
subtotal for extracting the evaluation data needed from the basic data. 

3 Indicator system matching: When evaluators are familiar with each indicator system 
in the indicator system database, they can select the indicator system by themselves 
for inheritance. However, with the further development of the evaluation work and 
the accumulation of indicator systems, the evaluators have difficulty familiarising 
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themselves thoroughly with the existing indicator systems. For this situation, the 
software provides two additional methods, statistical matching and neural network 
matching, to help evaluators quickly select indicators and indicator systems. 
Statistical matching uses statistical algorithms to compare the extracted indicators 
with the indicator system database. Then, the matching results are presented in 
descending order for evaluators to select and inherit the indicator system. After the 
number of indicator systems accumulates to a certain level, the evaluators can use 
the neural network matching method. This approach can screen out the indicators 
that the evaluators care about by mining the possible implicit relationships between 
information such as indicators, evaluation roles and application scenes. 

4 Indicator system construction: Indicator system construction includes creating and 
modifying the indicator topology structure, weight and scoring criterion. Evaluators 
can quickly edit the indicator topology structure based on the what you see is what 
you get (WYSIWYG) interactive interface. The interface supports various 
operations, such as whole inherit, partial copy, drag and drop, add, delete and 
modify. Evaluators can select the AHP or the expert scoring method to determine the 
indicator weight. They can design the scoring criteria by choosing direct proportion, 
inverse proportion, piecewise and one-vote veto. In addition, the evaluators can 
construct single or multiple indicator topology structures, weights and scoring 
criteria that constitute one or more indicator systems to evaluate from different 
perspectives. 

5 Comprehensive evaluation: The software uses the constructed indicator topology 
structure, weights and scoring criteria to calculate the evaluation results. 

6 Graphic display: After the evaluation is completed, the software provides the bar 
graph, line graph, area graph and radar graph to show the evaluation results. 

7 System management: The system administration mainly includes operation 
monitoring and user management functions. 

Figure 2 Software functions 

 

3.2 Core business process 

The core business process of the software for constructing the WPTTE indicator system 
is shown in Figure 3. 
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Figure 3 Software core business process 

  

In addition, the software provides sensitivity analysis, historical tracking, intelligent data 
completion and multi-user group evaluation functions to meet the diverse evaluation 
needs of evaluators. 

4 Application demonstration 

4.1 Case situation 

In this study, an example of selecting ammonia nitrogen wastewater treatment technology 
was designed to demonstrate the effect of using software to construct the indicator 
systems. This case includes four scenes, three evaluation roles and four alternative 
technologies (see Figure 4). In particular, the four scenes are formed by combining  
two climatic factors (cold and warm) and two water quality factors (high and low 
concentration). The three evaluation roles are user, decision-maker and researcher. 
Finally, these four scenes and three evaluation roles were combined to form 12 evaluation 
scenarios. 
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Figure 4 Ammonia nitrogen wastewater treatment technology evaluation analysis 

 

For the 12 scenarios, 12 sets of indicator systems should be established. For instance, in 
cold areas, evaluators need to consider the low-temperature resistance of technology. For 
different ammonia nitrogen concentrations, treatment ammonia nitrogen wastewater of 
high concentration may be more concerned about technology’s removal rate and control 
rate. For different evaluation roles, users, investors, and researchers are more focused on 
indicators of operation, market demand and pollutant removal rate, respectively. 

4.2 Technology evaluation 

Here, only Scenario 1 (the user selects the treatment technology of high concentration 
ammonia nitrogen wastewater in a cold area) and Scenario 12 (the researcher selects the 
treatment technology of low concentration ammonia nitrogen wastewater in a warm area) 
are described in detail. The indicator systems of the two scenarios used manual and 
inherited constructed, respectively. 

4.2.1 Manual construction of scenario1 indicator system 
1 Basic data entry and indicator data extraction. Firstly, the software entered the basic 

data of the four ammonia nitrogen wastewater treatment technologies. Secondly, the 
user used the data filtering method to extract 14 indicators as pre-evaluation 
indicators, namely, ‘ammonia nitrogen removal rate’, ‘ammonia nitrogen control 
rate’, ‘equipment life’, ‘influent water quality requirements’, ‘low-temperature 
resistance’, ‘operation way’, ‘automation degree’, ‘noise’, ‘odour’, ‘innovation 
height’, ‘innovation difficulty’, ‘innovation results’, ‘technology maturity’ and 
‘market demand’. 
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2 Indicator system construction: The user opted to build the indicator system of 
Scenario 1 using manual construction and did not inherit the existing indicator 
systems. According to the extracted indicators, the user constructed the indicator 
topology structure by mouse dragging, dropping, clicking, and keyboard entry (see 
Figure 5, this figure and Figures 6, 7 and 9 were translated from Chinese interface). 
The expert scoring method was used to determine indicator weights (see Figure 6). 
Moreover, the basic data were converted into standardised scores through direct, 
inverse and piecewise scoring methods (see Figure 7). 

Figure 5 Visual interface for indicator system construction 

  

Figure 6 Visual interface for determining weights by expert scoring method 
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Figure 7 Visual interface for developing scoring criterion of ‘low-temperature resistance’ by 
piecewise scoring method 

  

3 Completion of comprehensive evaluation and graphic display: The user used the 
newly constructed indicator system for comprehensive evaluation. Each level 
indicator score was calculated and the results are displayed in a bar graph (see  
Figure 8). 

Figure 8 Evaluation results of four technologies in Scenario 1 (first level indicators) 

 

4.2.2 Inheritance construction of Scenario 12 indicator system 
1 Indicator data extraction: Based on the basic data of four ammonia nitrogen 

treatment technologies, the researcher extracted 13 indicators as pre-evaluation 
indicators, namely, ‘ammonia nitrogen removal rate’, ‘ammonia nitrogen control 
rate’, ‘equipment life’, ‘influent water quality requirements’, ‘operation way’, 
‘automation degree’, ‘noise’, ‘odour’, ‘innovation height’, ‘innovation difficulty’, 
‘innovation results’, ‘technology maturity’ and ‘market demand’. 
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2 Indicator system matching: The researcher used statistical matching to construct the 
indicator system for Scenario 12. The software presented the matching results (see 
Figure 9). Ultimately, the researcher inherited the indicator system of Scenario 11 
(the investor selects the treatment technology of low concentration ammonia 
nitrogen wastewater in a warm area) by previewing the matching results. 

3 Indicator system construction: The researcher modified the weight value of the 
‘ammonia nitrogen removal rate’ and innovation indicators based on the inherited 
indicator system. The researcher was satisfied with the inherited topology structure 
and scoring criteria, which were not modified. 

4 Completion of comprehensive evaluation and graphic display: Similar to Scenario 1, 
the new indicator system was used for a comprehensive evaluation and displayed by 
a graph. 

Figure 9 Indicator system statistical matching results 

  
The evaluation results of ammonia nitrogen treatment technology in 12 scenarios were 
exported to make a bar graph (see Figure 10). Among the 12 scenarios, technology I 
scores were more consistent. The scores of technologies II, III and IV showed a 
significant variation across scenarios. In Scenario 1, technology III was preferred. In 
Scenario 12, technologies III and IV won. Technology III had a slightly lower technology 
maturity, while high low-temperature resistance and ammonia nitrogen removal rate met 
the treatment technology demands of Scenario 1. Both technologies III and IV had a high 
ammonia nitrogen removal rate and innovation, which met the needs of Scenario 12. The 
evaluation results were consistent with the actual situation. 
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Figure 10 Evaluation results of four technologies in 12 scenarios (root node) 

 

5 Conclusions 

The point of ‘specific evaluations for specific scenarios’ was proposed to select the best 
WPTT by establishing specific indicator systems to WPTTE for specific evaluation 
scenarios. Each indicator system includes three parts: the indicator’s topology structure, 
weights and scoring criteria. The evaluator constructs the indicator topology structure 
based on the specific scenario and their preferences, determines the weight values by 
AHP or the expert scoring method and chooses direct proportion, inverse proportion, 
piecewise function or one-vote veto as scoring criteria. When the evaluation cases are 
accumulated to a certain degree, a new indicator system can be constructed by modifying 
the indicator system of similar cases. The ‘specific evaluations for specific scenarios’ 
offer a new reference for solving the challenge of selecting the right WPTT. 

The WPTTE software was developed to achieve ‘specific evaluations for specific 
scenarios’ by supporting the rapid construction of customised indicator systems. On the 
one hand, the software visualises the indicator system construction, such as the indicator 
system’s creation, deletion and modification by mouse click, drag and drop and keyboard 
entry. On the other hand, the software uses artificial, statistical or neural network 
matching methods to filter out indicator systems of similar cases quickly. Moreover, the 
software offers functions such as data management, comprehensive evaluation and 
graphic display. At the same time, it supports network environment and database access, 
which can be used by multiple people online simultaneously and data sharing. The 
software meets most evaluation demands, makes constructing indicator systems more 
straightforward and provides a good support tool for selecting the appropriate WPTT. 



   

 

   

   
 

   

   

 

   

   88 B. Song et al.    
 

    
 
 

   

   
 

   

   

 

   

       
 

Acknowledgements 

This work was supported by Major Science and Technology Program for Water Pollution 
Control and Treatment (2018ZX07110007). 

References 

Ali, Y., Pervez, H. and Khan, J. (2020) ‘Selection of the most feasible wastewater treatment 
technology in Pakistan using multi-criteria decision-making (MCDM)’, Water Conservation 
Science and Engineering, Vol. 5, Nos. 3–4, pp.199–213. 

Feng, L., Zhu, X.D. and Sun, X. (2014) ‘Assessing coastal reclamation suitability based on a  
fuzzy-AHP comprehensive evaluation framework: a case study of Lianyungang, China’, 
Marine Pollution Bulletin, Vol. 89, Nos. 1–2, pp.102–111. 

Ishak, A., Bin Ali, A.Y., Lateh, H. and Ginting, R. (2020) ‘Development of a methodology for 
selection and assessment of liquid waste processing technology from oil palm industry using 
analytical hierarchy process (AHP)’, IOP Conference Series: Materials Science and 
Engineering, Vol. 1003, Article no. 012155. 

Khan, S.A.R., Ponce, P., Yu, Z., Golpira, H. and Mathew, M. (2022) ‘Environmental technology 
and wastewater treatment: strategies to achieve environmental sustainability’, Chemosphere, 
Vol. 286, Article no. 131532. 

Li, C., Duan, L., Song, Y.H., Zhong, S.J., Li, R., Xiang, L.C. and Liu, X.Y. (2011)  
‘The development and application of water pollution treatment technology assessment 
software for Liao River Basin’, Journal of Environmental Engineering Technology, in 
Chinese, Vol. 1, No. 4, pp.348–352. 

Liu, B., Tang, J., Li, Z.Y., Yan, Y. and Chen, J.S. (2020) ‘Optimal selection of sewage treatment 
technologies in town areas: a coupled multi-criteria decision-making model’, Environmental 
Management, Vol. 66, No. 4, pp.709–721. 

Liu, R.T., Jiang, J.P., Shi, B., Liu, J., Guo, L. and Wang, P. (2017) ‘Decision-making models of 
dynamically technology preparedness plan production for emergency response to chemical 
spills in surface waters’, Acta Scientiae Circumstantiae, in Chinese, Vol. 37, No. 2,  
pp.763–770. 

Liu, Y., Su, H.D., Zhang, S.H. and Jin, T.T. (2021) ‘Update of river health assessment indicator 
system, weight, and assignment criteria in China’, Water Supply, Vol. 21, No. 6,  
pp.3153–3167. 

Mahjouri, M., Ishak, M.B., Torabian, A., Abd Manaf, L., Halimoon, N. and Ghoddusi, J. (2017) 
‘Optimal selection of Iron and Steel wastewater treatment technology using integrated  
multi-criteria decision-making techniques and fuzzy logic’, Process Safety and Environmental 
Protection, Vol. 107, pp.54–68. 

Qu, J.H., Meng, X.L., Hu, Q. and You, H. (2016a) ‘A novel two-stage evaluation system based on 
a group-G1 approach to identify appropriate emergency treatment technology schemes in 
sudden water source pollution accidents’, Environmental Science and Pollution Research, 
Vol. 23, No. 3, pp.2789–2801. 

Qu, J.H., Meng, X.L., Yu, H. and You, H. (2016b) ‘A triangular fuzzy TOPSIS-based approach for 
the application of water technologies in different emergency water supply scenarios’, 
Environmental Science and Pollution Research, Vol. 23, No. 17, pp.17277–17286. 

Ren, J.Z. and Liang, H.W. (2017) ‘Multi-criteria group decision-making based sustainability 
measurement of wastewater treatment processes’, Environmental Impact Assessment Review, 
Vol. 65, pp.91–99. 



   

 

   

   
 

   

   

 

   

    A software for water pollution treatment technology evaluation 89    
 

 

    
 
 

   

   
 

   

   

 

   

       
 

Saaty, T.L. (1977) ‘A scaling method for priorities in hierarchical structures’, Journal of 
Mathematical Psychology, Vol. 15, No. 3, pp.234–281. 

Sadr, S.M.K., Mashamaite, I., Saroj, D., Ouki, S. and Ilemobade, A. (2015) ‘Membrane assisted 
technology appraisal for water reuse applications in South Africa’, Urban Water Journal,  
Vol. 13, No. 5, pp.536–552. 

Selihin, N.M. and Tay, M.G. (2022) ‘A review on future wastewater treatment technologies:  
micro-nanobubbles, hybrid electro-Fenton processes, photocatalytic fuel cells, and microbial 
fuel cells’, Water Science & Technology, Vol. 85, No. 1, pp.319–341. 

Sharma, M.K., Tyagi, V.K., Singh, N.K., Singh, S.P. and Kazmi, A.A. (2021) ‘Sustainable 
technologies for on-site domestic wastewater treatment: a review with technical approach’, 
Environment, Development and Sustainability, Vol. 24, No. 3, pp.3039–3090. 

Shi, L.Y., Xiang, X.Q., Zhu, W. and Gao, L.J. (2018) ‘Standardization of the evaluation index 
system for low-carbon cities in China: a case study of Xiamen’, Sustainability, Vol. 10,  
No. 10, Article no. 3751. 

Shi, Y.F., Ge, X.H., Yuan, X.L., Wang, Q.S., Kellett, J., Li, F.Q. and Ba, K.M. (2019)  
‘An integrated indicator system and evaluation model for regional sustainable development’, 
Sustainability, Vol. 11, No. 7, Article no. 2183. 

Silva, C. and Rosa, M.J. (2020) ‘Performance assessment of 23 wastewater treatment plants –  
a case study’, Urban Water Journal, Vol. 17, No. 1, pp.78–85. 

Sun, S.K., Wang, Y.B., Liu, J., Cai, H.J., Wu, P.T., Geng, Q.L. and Xu, L.J. (2016) ‘Sustainability 
assessment of regional water resources under the DPSIR framework’, Journal of Hydrology, 
Vol. 532, pp.140–148. 

Travanca, P., Jesus, J., Picavet, M., Soares De Albergaria, J.T.V., De Oliva Teles Moreira, M.T.P., 
Delerue Alvim De Matos, C.M.F. and Danko, A.S. (2017) ‘Evaluation of different full scale 
landfill leachate treatment systems’, International Journal of Hydrology Science and 
Technology, Vol. 7, No. 2, pp.158–168. 

Varjani, S., Joshi, R., Srivastava, V.K., Ngo, H.H. and Guo, W.S. (2020) ‘Treatment of wastewater 
from petroleum industry: current practices and perspectives’, Environmental Science and 
Pollution Research, Vol. 27, No. 22, pp.27172–27180. 

Wang, Q., Li, L.Z., Zhang, Y.P., Cui, Q., Fu, Y.Z., Shi, W.Y., Wang, Q. and Xu, D.Q. (2021) 
‘Research on the establishment and application of the environmental health indicator system 
of atmospheric pollution in China’, Bulletin of Environmental Contamination and Toxicology, 
Vol. 106, No. 1, pp.225–234. 

Wei, C., Wei, J.Y., Kong, Q.P., Fan, D., Qiu, G.L., Feng, C.H., Li, F.S., Preis, S. and Wei, C.H. 
(2020) ‘Selection of optimum biological treatment for coking wastewater using analytic 
hierarchy process’, Science of The Total Environment, Vol. 742, Article no. 140400. 

Wongburi, P. and Park, J.K. (2018) ‘Decision making tools for selecting sustainable wastewater 
treatment technologies in Thailand’, IOP Conference Series: Earth and Environmental 
Science, Vol. 150. 

Xiang, L.C., Song, Y.H., Duan, L., Li, R., Li, C. and Liu, X.Y. (2013) ‘Evaluation method and 
computer software development on best available technologies for heavy pollution industrial 
wastewater treatment in Liaohe River Basin’, Strategic Study of CAE, in Chinese, Vol. 15,  
No. 3, pp.49–55. 

Xu, D., Liu, J.L., Liu, D., Fu, Q., Li, M., Faiz, M.A., Liu, S.C., Li, T.X., Cui, S. and Yan, G. (2021) 
‘Indicator system optimization model for evaluating resilience of regional agricultural  
soil-water resource composite system’, Water Supply, Vol. 21, No. 6, pp.3251–3266. 

Yao, L.M., Xu, Z.W., Lv, C.W. and Hashim, M. (2020) ‘Incomplete interval type-2 fuzzy 
preference relations based on a multi-criteria group decision-making model for the evaluation 
of wastewater treatment technologies’, Measurement, Vol. 151, Article no. 107137. 



   

 

   

   
 

   

   

 

   

   90 B. Song et al.    
 

    
 
 

   

   
 

   

   

 

   

       
 

Yuan, J., Van Dyke, M.I. and Huck, P.M. (2019) ‘Selection and evaluation of water pretreatment 
technologies for managed aquifer recharge (MAR) with reclaimed water’, Chemosphere,  
Vol. 236, Article no. 124886. 

Zhang, F., Ju, Y.B., Dong, P.W., Wang, A.H. and Santibanez Gonzalez, E.D.R. (2020)  
‘Multi-period evaluation and selection of rural wastewater treatment technologies: a case 
study’, Environmental Science and Pollution Research, Vol. 27, No. 36, pp.45897–45910. 

Zhou, J.J., Hua, C., Wu, S.S., Wang, Z.R. and Wang, X.K. (2021) ‘Sustainable village planning 
indicator system in rural transformation: application to Xufu village in the Yangtze River 
Delta Region in China’, Journal of Urban Planning and Development, Vol. 147, No. 4,  
Article no. 05021050. 


