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Water pollution is closely related to the development of water pollution-intensive
industries, but there is a lack of relevant research, and few studies to verify the
existence of “pollution heaven.” This paper aims to study the layout and the spatio-
temporal evolution of water-polluting enterprises. Taking Zhejiang Province, China
as an example, this study visualized the spatial distribution of water pollution
enterprises under the “Five Water Treatment” regulations during 2018–2022. At
the same time, based on the Mann-Whitney U test, this paper verifies the hypothesis
of pollution paradise in Zhejiang Province. The results show that the distribution of
water pollution enterprises in Zhejiang is clustered, and water pollution control has
been realized to a certain extent. However, water pollution enterprises still tend to be
located in areas with lower environmental standards and weak environmental
regulations. In view of this, the government should optimize the industry
structure, strengthen the supervision of suburban water pollution enterprises.
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1 Introduction

Water is regarded as the source of human life. Together with land and energy, water
provides the basic conditions for the development of human society and plays a vital role in the
development of human society. Water resources is an important foundation for national
economic and social development, and an important guarantee for improving ecological
environment. Xia et al. (2011) pointed out that the three challenges facing the world are
resources, population and environment. Water resource is a national strategic resource and a
key factor affecting ecological civilization. As a complex systematic engineering, water resources
management plays a strategic role in promoting sustainable economic development (Fu, 2022).
Therefore, serious attention is needed to the water pollution problem (Liu et al., 2021; Sawyer
et al., 2021). In recent years, China has witnessed rapid growth in its economy and population.
Meanwhile, the large demand for water resources and serious water pollution problems have
hindered the rapid economic development in China. The problem of water pollution is closely
related to the development of water pollution-intensive industries. In particular, an important
reason for the serious water pollution problem in China is the unreasonable planning and layout
of water pollution-intensive industries (Chang, 2017). The so-called pollution-intensive
industries refer to industries characterized by high-intensity pollution emissions. The
spatial transfer of pollution-intensive industries is considered to be an important reason for
the diffusion and transfer of pollution. Relatedly, the regional spatial distribution and evolution
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of pollution-intensive industries is an important issue for sustainable
economic development. Hence, as a response to environmental
problems brought by economic activities, it is necessary to
investigate the spatial layout and driving factors of polluting
industries, and it can also provide important implications for
policymaking, such as enacting effective strategies to transfer
polluting industries in the regional transition period, to promote
the sustainable regional development (He, 2017).

Previous researchers have conducted theoretical and empirical studies
on the influence of different patterns of industrial spatial agglomeration
on the ecological environment (He et al., 2022). For example, Fang et al.
(2021) looked at the mining industry at different development stages of
urban agglomerations and did a dynamic evaluation of the impacts of the
mining industry on the atmosphere, soil, rivers, and other ecological
environment elements at different stages. Bonnet et al. (2021) included
industrial agglomeration as an indicator to assess sustainable development
and combined it with indicators such as externality and social welfare, to
build a more comprehensive model for evaluating urban sustainable
development. In recent years, China has strengthened the intensity of
industrial adjustment, and as a result, related research has incorporated
industrial economic elements to a certain extent. For instance, Song et al.
(2022) analyzed the spatial change of urban agglomeration land and its
ecological environment effects. Liu et al. (2020) evaluated the impact of
industrial structure on the environment by estimating the ecological
environment impact coefficient of different industry types and the overall
ecological environment impact index of regional industrial structure.
These studies have confirmed that industrial spatial agglomeration has a
certain impact on the ecological environment.

With the development of geospatial technology, scholars have
conducted extensive research on spatial-temporal pattern mining, in
which spatial analysis played an important role (Yu et al., 2017; Yin
et al., 2022). Previous research has shown that for spatial analysis, data
collection is relatively easy and can be applied widely (Chen et al.,
2022; Zhu et al., 2022). This method can not only allow access to
accurate statistics but also can present the results in an intuitive way
and visualize the results. Furthermore, spatial analysis can improve the
spatial accuracy of urban research, so as to implement spatial
governance at a more refined level. At present, many researchers
have carried out research on spatial distribution characteristics of
geographical objects and the factors that might influence the
distribution. For example, Gao et al. (2014) used spatial analysis
methods such as cluster analysis to analyze the distributional
characteristics of air pollution areas in various provinces and cities
and divided 73 cities into 6 clusters. Zhang et al. (2016) used Spatial
Clustering and other methods to examine the clustering of production
service industries in Hangzhou. They have found that when the
production service industry clusters were located in areas and
adjacent areas with higher levels of urban function, the scope and
scale of the cluster area would increase. Wang et al. al. (2019) used the
spatial autocorrelation analysis method to study the spatial
relationship of the ecological pressure of water resources, and
provided decision-making suggestions for the government on how
to use water resources sustainably; Yuan (2019) use regression analysis
to study the relationship between the income and expenditure of
urban residents in Gansu province, based on which policy-making
suggestions were provided for the government to increase the
discretionary income of residents. Li et al. (2018) employed special
analysis and concluded that the spatial distribution of industries in
Lanzhou has shown the characteristics of being dense in urban areas

and sparse in county areas. Hence, this paper argues that the
application of geospatial technology and big data to the study of
the spatial distribution of water-polluting enterprises will help to
enhance the understanding of the economic value of the spatial
layout and temporal and spatial evolution of water-polluting
enterprises in Zhejiang Province.

The theoretical basis of this paper is based on the “pollution
haven” hypothesis, also known as the “pollution refuge” hypothesis,
which was proposed by Walter and Ugelow (1979). The basic idea
behind the “pollution haven” hypothesis is that firms that aim to
maximize profits will reconsider their production decisions if strict
environmental regulations increase their production costs. By now,
one idea is that the “pollution haven” hypothesis is only partially true.
That’s because environmental regulations affect FDI location choices,
but they’re not the key factor. They believe FDI still focuses on the
traditional factors (Musah et al., 2022). Another idea says there’s
insufficient evidence for the “pollution heaven” hypothesis. Therefore,
this paper will take Zhejiang Province as an example, based on the
background of “five water treatment” scientifically reveal the
distribution law of water pollution-intensive industries in Zhejiang
Province, explore its influence mechanism, and confirm whether the
“pollution haven” hypothesis exists in cities. Our findings may have
important theoretical and practical significance for finding the balance
in the relationship between development and environmental
protection and for realizing green and high-quality development.

2 Methodology

2.1 Zhejiang Province and the “five water
treatment” regulation

In 21 century, Norman E. Borlaug again, advocated the so-called
“Blue Revolution” to fight for water resources (Shevah, 2019). Hence,
Blue Revolution also represents a water revolution. In China, the Blue
Revolution has also been clearly enacted in coastal provinces. Zhejiang
Province is located on the southeast China and its economy has grown
steadily and rapidly in the past decades. Rapid economic growth
means increased demand for resources, which has raised concerns
about water environment. In particular, major rivers and lakes in the
province were seriously polluted. For example, the water pollution
event of the Qiantang River has aroused public concerns (Li et al.,
2019). To improve the water environment, on 29 November 2013, at
the Fourth Plenary session of the 13th CPC Central Committee of
Zhejiang Province, it was clearly proposed to take the “five water
treatment” as a major strategic guideline to construct a blue future.
The “five water treatment” consists of five aspects: sewage treatment,
flood drainage, flood control, water supply protection and water
conservation. The aim is to solve the problem of sustainable
development caused by water problems. This has also led to the
discussions on the influence of “five water treatment” and
industrial effects in Zhejiang. In this context, the objective of this
paper is therefore to explore the development of water pollution
enterprises under the background of “five water treatment.”

Zhejiang Province includes 11 prefecture-level cities, covering the
area between 118°01′-123°10′east longitude and 27°02′-31°11′north
latitude (Figure 1). There are eight major water systems including the
Qiantang River, Oujiang River, and Aojiang River. According to the
Statistical Yearbook of Zhejiang Province, the GDP of Zhejiang

Frontiers in Environmental Science frontiersin.org02

Xu et al. 10.3389/fenvs.2023.1121598

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2023.1121598


Province in 2021 reached 7.35 trillion yuan, with an increase of 8.5% over
the previous year. In terms of industries, the added value of the primary,
secondary, and tertiary industries was 220.9 billion yuan, 3,118.9 billion
yuan, and 4,011.8 billion yuan, respectively, with an increase of 2.2%,
10.2%, and 7.6% over the previous year. The industry in Zhejiang is
relatively developed. According to the list of key polluters in 2022 by the
General Office of the Ministry of Ecology and Environment, Zhejiang
province identified 6,117 key polluters in 2022, and water pollution is
dominated by the manufacturing industry.

2.2 Research methods

According to previous literature, in order to test the “pollution
heaven” hypothesis (Xu et al., 2022), it is necessary to have a
corresponding understanding of the spatial distribution of pollution
points in the study area. The intuitive visual observation method is the
kernel density, and the convenient way to judge the concentration of
polluting enterprises in urban and rural areas is the nearest neighbor
index method. On this basis, Ma et al. (2022) also proposed Mann-
Whitney U test as a non-parametric test method, which can detect
whether there is a significant difference in the distribution of two or
more observed variables, which plays a complementary role in the
presentation of differences in this paper.

2.2.1 Nearest neighbor index
The nearest neighbor index method uses the distribution of

random patterns as a standard to measure the spatial distribution
of point elements (Bai et al., 2021). The nearest neighbor distance is a

geographic index that indicates how close the points are to each other
in geographic space. This method measures the distance between each
point and its nearest neighbors r1, and takes the average of these
distances r1, which is the average nearest neighbor distance that
characterizes the degree of proximity. The calculation Eq. 1 is:

R � r1
rE

rE � 1

2
����
n/A√ (1)

In the formula, R is the nearest neighbor index. r1 represents the
average distance between each actual water-polluting enterprise and
the nearest point and rE refers to the theoretical nearest neighbor
distance. n represents the number of water-polluting enterprises, and
A shows how large the research area is. In general, there are three
distributional types: uniform type, random type, and cluster type, for
which the nearest neighbor distance decreases successively. When R =
1, the distribution of point elements is random; when R > 1, the
distribution of point elements tends to be uniform; when R < 1, the
distribution tends to be clustered; R = 0 means complete
agglomeration (GENG et al. ., 2019).

2.2.2 Kernel density estimation
Kernel density analysis is a method that uses each point or line

element to model a smooth conical surface based on the kernel
function. The kernel density at the center is the sum of the
densities in the entire window (Chen et al., 2013). This method is
widely used in the simulation of pollution spatial distributional

FIGURE 1
The map and overview of Zhejiang province.
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characteristics (Liu and Du, 2016). The present study uses kernel
density analysis to examine the clustering characteristics of points in
space (Zhu et al., 2018), and Eq. 2 is as follows:

f x( ) � 1
nh

∑n

i�1k
x − xi

h
( ) (2)

In the formula: f(x) is the estimated value of kernel density; h
represents the search radius; n is the number of water-polluting
enterprises; k (·) is the kernel function; x − xi represents the
distance from the evaluation point to the output grid.

2.2.3 The Mann-Whitney U test
The Mann-Whitney U test is a non-parametric test that can be

used to test whether two independent samples come from a population
with the same mean, or whether the relative frequency distribution of
two populations is the same. In the present study, the 30 county-level
administrative units in Zhejiang Province were divided into urban
areas and suburban areas. We hypothesized that water-polluting
enterprises tend to locate in areas with relatively low
environmental standards and weak environmental regulations. The
calculation Eqs 3, 4 are as follows:

We first calculated UA and UB, where:

UA � n2 + n2 + n( )/2 − TA

UB � n2 + n2 + n( )/2 − TB

UA + UB � n2
(3)

In the next step, we selected the smaller value of UA and UB as the
U value, so that the Mann-Whitney U test statistic can be obtained as:

Z � U − n2/2( )/ ������������
n2 2n + 1( )/12√

(4)

At the level of α = 0.05, when the number of border counties or the
number of inner counties ≤10, and U is greater than its corresponding
critical value Uα = 15, or when the number of border counties and the
number of inner counties is both greater than 10, the U distribution
tends to be Normal distribution, −1.96 < Z ≤ 1.96. As a result, the null
hypothesis H0 cannot be rejected, and otherwise, the null hypothesis
H0 is rejected.

3 Results

3.1 Types of the spatial distribution of water
polluting enterprises in Zhejiang Province

We used the average nearest neighbor tool in ArcGIS 10.2 to get the
nearest neighbor index of water-polluting enterprises in Zhejiang

Province from 2018 to 2022 (see Table 1). The results showed that
the average nearest neighbor index of water-polluting enterprises in
Zhejiang Province from 2018 to 2022 was around 0.32, and the
overall distribution showed a clustered characteristic. In the past
5 years, the nearest neighbor index of water-polluting enterprises in
Zhejiang Province was less than 1, and the p-value flagged a
significant test result at the 0.01 level. Among them, the nearest
neighbor index of water-polluting enterprises in Zhejiang Province in
2022 decreased compared with the nearest neighbor index of water-
polluting enterprises in 2018, indicating that the spatial distribution of
water-polluting enterprises in Zhejiang Province gradually became
increasingly agglomerated during this period, whereas the difference
in distribution pattern was not significant.

3.2 Spatial agglomeration pattern of water
polluting enterprises

The kernel density estimation method is used with ArcGIS 10.2 to
further identify the spatial agglomeration area of water-polluting
enterprises in Zhejiang Province. After several times of exploration, the
optimal search radius was decided to be 100 km. The results showed that
from 2018 to 2020, water-polluting enterprises in Zhejiang Province in
general tended to be agglomerated in an area in the north (Figure 2 and
Figure 3). Among them, the first-level agglomeration area was mainly
located in the area with a relatively high level of network development in
Zhejiang Province, that is, on the northern line of “Hangzhou-Haining-
Shaoxing.” This area is an important part of the urban agglomeration
along theQiantang River in Zhejiang Province. There were four secondary
agglomeration areas as the cores of four central cities or sub-central cities,
namely, Fuyang District of Hangzhou City, Liandu District of Lishui City,
Beilun District of Ningbo City, and Jiaojiang District of Taizhou City.
From 2021 to 2022, (Figure 2) water-polluting enterprises in Zhejiang
Province were still mainly concentrated in the northern region. Among
them, the first-level agglomeration area was located on the “Hangzhou-
Haining-Shaoxing” line. The surrounding cities gathered significantly, and
the agglomeration phenomenonwas especially obvious in three subcentral
cities: Xiaoshan District of Hangzhou City, Shangyu District of Shaoxing
City, and Xiuzhou District of Jiaxing City.

3.3 Differences in the number of water-
polluting enterprises between urban and
suburban areas in Zhejiang Province

In 2018, the number of water-polluting enterprises located in
the suburban area of Zhejiang Province was 1,643, which was

TABLE 1 Nearest neighbor index of water pollution enterprises in Zhejiang Province from 2018 to 2022.

Year Average observed distance (m) Expected observed distance (m) Nearest neighbour index Distributional pattern

2018 1300.3488 4000.1079 0.325078 Agglomerated

2019 1280.5896 4026.6783 0.318026 Agglomerated

2020 1215.3492 3745.9502 0.324443 Agglomerated

2021 1025.8629 3209.536 0.31963 Agglomerated

2022 991.6706 3102.3663 0.31965 Agglomerated
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3.61 times that of urban areas (see Figure 4). In 2019, the number of
major water-polluting enterprises clustered in suburban areas was
3.28 times that of urban areas; in 2020, the number of major water-
polluting enterprises clustered in suburban areas was 3.14 times
that of urban areas; in 2021, the number of major water-polluting

enterprises clustered in suburban areas was 3.18 times that of
urban areas, and in 2022, the number of major water polluting
enterprises clustered in suburban areas was 3.32 times that of
urban areas. It can be seen that in the past 5 years, in terms of the
layout of water-polluting enterprises in Zhejiang Province, most

FIGURE 2
Estimation of the kernel density of water-polluting enterprises in Zhejiang province from 2018 to 2022.
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enterprises have shown a preference for suburban areas.
Unexpectedly, the tendency of “urban centralism” that is
commonly seen in the field of environmental protection has not
yet been observed for water-polluting enterprises in Zhejiang
province.

3.4 Differences in spatial agglomeration
characteristics between urban and suburban
areas

Results of the analysis of the nearest neighbor index showed that
from 2018 to 2022, the water-polluting enterprises in Zhejiang
Province were clustered both in urban and suburban areas. For
urban areas, land use is often intensive and thus the level of
agglomeration of water-polluting enterprises in these areas was
significantly higher than that in suburban areas. In terms of the
characteristics of agglomeration, the agglomeration of polluting
enterprises in urban and suburban areas showed differentiated
spatial performance and location patterns (Figure 4). In 2018, the
first-level agglomeration cores of urban water-polluting enterprises
were located in the central area of Xiaoshan District, Hangzhou, and
showed a clear pattern of distributing along rivers and lakes. There
were three secondary agglomerations, with the Wuxing District of
Huzhou City, Xiuzhou District of Jiaxing City, and Beilun District of
Ningbo City as the core respectively. The distribution of water-
polluting enterprises in the suburban area was relatively scattered.
So far, five first-level agglomeration areas have been formed: Liandu
District of Lishui City, Jiaojiang District of Taizhou City, Xiangshan
County of Ningbo City, Dongtou District of Wenzhou City and
Fuyang-Xiaoshan-Yuyao. Furthermore, secondary agglomeration
areas formed large-scale contiguous areas in the areas of “Jiande-
Lanxi-Longyou” “Zhuji-Pujiang-Yiwu” “Wenling-Yuhuan” and
“Fenghua-Haining” In 2022, the agglomeration cores of water-
polluting enterprises in urban areas were still mainly distributed in
Xiaoshan District, Hangzhou City, and there was a tendency to spread
eastward. However, compared with the number of cities in 2018, the

secondary agglomeration areas have increased, mainly concentrated in
the Gongshu District of Hangzhou City and Yinzhou District of
Ningbo City. The tendency of large-scale spreading to surrounding
cities has not been observed yet. Compared with 2018, the distribution
of water-polluting enterprises in suburban areas tended to be more
dispersed in 2022. By comparing the distribution across years, it can be
found that the layout of urban regional polluting enterprises was not
only closely related to the attributes of individual cities (e.g., city size
and industrial structure) but was also linked with the connection level
of regional element circulation networks. The distribution of water-
polluting enterprises in suburban areas showed a strong dependence
on local resources, and the agglomeration areas were all areas rich in
rivers and lakes.

3.5 “Institutional space-boundary weakness”
in the location of polluting enterprises

According to the “pollution haven hypothesis” polluting
enterprises tend to locate in areas with relatively low
environmental standards and weak environmental regulations
(Tian et al., 2018). Within the regional system, areas far from the
administrative center or at the border are often weak in environmental
regulation (Wang et al., 2019). In order to test whether the “cross-
border location preference” in the “pollution haven hypothesis” can be
supported in Zhejiang Province, we looked at descriptive statistics and
used the Mann-Whitney U test (Mann-Whitney U test) to analyze the
distribution and quantity of water-polluting enterprises in urban and
suburban areas. Descriptive statistics showed that the average number
of water-polluting enterprises in the suburbs of Zhejiang Province was
3.29 times that of the urban areas, and the indicators such as the range
and coefficient of variance in the urban areas are much larger than
those in the suburbs, indicating that there were significant differences
within the urban areas (Table 2).

For the Mann-Whitney U test, we adopted an alpha level for
significance test α = 0.05, and employed a two-sided quantile test,
The results showed that there were no significant differences, and

FIGURE 3
Difference in the number of water-polluting enterprises in Zhejiang Province between urban and suburban areas from 2018 to 2022.
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thus H0 cannot be rejected (Table 3). However, there were
still differences in the number of enterprises in urban and
suburban areas from 2018 to 2022. In 2018, the average
number of water-polluting enterprises in the suburbs of
Zhejiang Province was 3.61 times that of the urban area, which
was the year with the largest difference. The year with the second
largest difference was 2020, the average number of water-polluting
enterprises in the suburbs was 3.14 times that of the urban area.
However, the difference was not significant at an alpha of
0.05 level. Hence, there was no significant difference between
the number of water-polluting enterprises in the urban and
suburban areas this year.

4 Discussion

It can be seen from the findings that the period from 2020 to
2022 is the rapid agglomeration stage of water pollution enterprises in
Zhejiang Province. This phenomenon is particularly evident in the
southern cities of Zhejiang, among which the prominent cities such as
Wenzhou. In 2019, Wenzhou and other cities released the policy
effectiveness of the “five water treatment” for 2015–2019 respectively,
and made it clear that the current water pollution enterprises have
made phased progress in treatment. In Wenzhou, for example, a
survey found that 87.5% of water quality was at Ⅰ-Ⅲ class, reaching the
annual provincial target of 75%. The proportion of Ⅰ-Ⅲ class water

FIGURE 4
Estimation of Kernel density of water-polluting enterprises in urban and suburban areas in Zhejiang Province in 2018 and 2022.

TABLE 2 Descriptive statistics of the number of water-polluting enterprises in urban and suburban areas.

Area Number of polluting enterprises Range Standard deviation Mean Coefficients of variance (CV)

Suburban 89.20 530 97.82 107.04 0.91

urban 27.11 718 191.56 162.63 1.18
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quality in the provincial control section reached 83.3%, reaching the
annual provincial target of 75%. The water quality of drinking water
source reaches 100%. After consulting the policy documents, it is
found that most areas in Zhejiang have strictly implemented the “one
river one policy” regulation measures for key river courses since 2020,
which has greatly promoted the effectiveness of the “five water
treatment,” accelerated the rapidagglomeration of water pollution
enterprises and improved the water treatment effect. However,
according to Mann-Whitney U test, the current distribution of
water pollution enterprises in Zhejiang Province has initially shown
the location preference of settling in suburban areas. This largely
corroborates what previous scholars have found. Lei et al. (2017) once
found that there was a pollution heaven in their study on the
relationship between import and export trade and carbon
emissions, which they thought was caused by the rapid
development of import and export trade in the Yangtze River
Economic Belt. The findings of this paper on water pollution
enterprises are largely the same as those of them. Zhejiang, though
a province, is a different, smaller area than the one they studied. But
the phenomenon also exists. That’s because Zhejiang province is rich
in ports and waterways. Trade liberalization moved polluting
industries to areas with lower environmental regulations, which
damaged the environment in suburban areas and increased sewage
discharge. In view of this, Zhejiang Province should optimize the
industrial structure and implement relevant policies to suburban water
pollution enterprises to prevent more serious water pollution in the
suburbs.

5 Conclusion

This paper employed the nearest neighbor index, kernel density
estimation, and Mann-Whitney U test to analyze the temporal and
spatial evolution characteristics of water pollution-intensive industries
in Zhejiang Province. Themain findings from the present study include:

1. At present, the distribution of water-polluting enterprises in
Zhejiang Province showed an agglomerated characteristic. The
first-level agglomeration areas were all located in areas with a
relatively high level of urban network development. The second-
level agglomeration areas were all centered on central cities or sub-

central cities. In general water-polluting enterprises were mainly
concentrated near rivers, lakes, and seas. In terms of the
developmental trend, 2020–2022 is the stage when a rapid
concentration of water pollution enterprises occurred in
Zhejiang Province.

2. The suburban location represents the overall difference in the
existence and succession of water-polluting enterprises in
suburban areas. At present, the layout of water-polluting
enterprises in Zhejiang Province has initially shown the
location preference of settling in suburban areas. The first-
level agglomeration cores of polluting enterprises were
concentrated in areas where the urban network is relatively
developed and has good water connections such as easy reach
to rivers, lakes, and seas. These findings showed that enterprises
paid special attention to the circulation network of elements.
However, the distribution of water-polluting enterprises in
suburban areas was relatively scattered, whereas the number
of enterprises was increasing year by year, showing dependence
on local water resources.

3. The suburban location also represents the regional
differences in the layout of polluting enterprises in the
institutional space based on the blue development system. At
present, water-polluting enterprises in Zhejiang Province do
not show an obvious cross-border agglomeration for seeking the
overflow of environmental externalities, whereas the
comparison of the number of water-polluting enterprises in
the suburban and urban areas shows that water-polluting
enterprises were more inclined to be located in areas with
relatively low environmental standards and environmental
conditions.

The unreasonable layout of water-polluting enterprises in
Zhejiang Province will lead to prominent contradictions in the use
of water resources, aggravate water environment pollution, and
increase the risks of water ecological damage. A scientific and
reasonable industrial layout is the basis and prerequisite for the
effectiveness of water resources protection in Zhejiang Province,
especially for water pollution-intensive industries. Therefore, in the
context of the Blue Development strategy, the spatial evolution of

TABLE 3 The number of water-polluting enterprises in urban and suburban areas and the results of the Mann-Whitney U test.

Suburban Urban Mann-Whitney U test

Year The average number of polluting
enterprise

The average number of polluting
enterprise

U value Z value p-value Decision

2018 1643 455 500 −2.309 0.21 H0 was not
rejected

2019 1590 484 620 −1.216 0.11 H0 was not
rejected

2020 1792 570 612 −0.309 0.15 H0 was not
rejected

2021 2453 771 1121 −1.202 0.09 H0 was not
rejected

2022 2691 810 1321 −0.309 0.06 H0 was not
rejected
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water-polluting enterprises in Zhejiang Province is actually cutting-
edge and relevant.

The present study also has some limitations that need to be accounted
for. At present, polluting enterprises are spreading all over the country,
given the differences in economic levels and environmental systems across
regions, different industrial developmental patterns may exist in different
regions. Due to the lack of relevant data, the present study did not
compare the distributional patterns in different areas of China. Future
studies may further carry out research on different types of polluting
enterprises in Zhejiang Province, and find out the economic value of the
spatial layout and temporal and spatial evolution of polluting enterprises
in Zhejiang Province. In addition, this paper only studies the water
pollution enterprises. Other polluters such as air pollution and soil
pollution have not yet been discussed, which will also be the focus of
our future work. Liu et al., 2015, Sun, 2022.
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