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Abstract: In recent years, the development of industrialization has led to heavy metal pollution in
many agricultural areas in China. The excessive heavy metals in farmland not only affect the normal
growth of crops, but also do great harm to human health, which seriously restricts the development of
ecology and food health in China. In order to improve the problem of heavy metal pollution in rural
areas, the current situation of heavy metal pollution in rural areas is analyzed based on the innovative
ecological compensation mechanism for remediation, and the external theory, public goods theory and
other relevant theories are combined to obtain the ecological compensation strategy for heavy metal
farmland soil remediation, and on this basis, the basic framework of ecological compensation for
metal farmland remediation is constructed. Finally, effective environmental treatment suggestions are
put forward according to the development requirements of ecological compensation in heavy metal
farmland areas. The case study shows that different ecological restoration schemes have been adopted
for a heavy metal farmland pollution area, and the environment has been improved according to
the ecological compensation scheme. The total amount of ecological compensation for heavy metal
farmland is CNY 32.35 million, of which the cost of seriously polluted farmland is the highest among
the environmental values, with the cost of restoration per acre of CNY 65,000, indicating that the
heavy metal areas are more expensive and have more obvious impact on the environment. The
research content has important reference significance for the ecological environment treatment of
heavy metal farmland pollution areas in China.

Keywords: heavy metal pollution; ecological compensation mechanism; soil remediation; governance
opinions

1. Introduction

The development of industrialization has promoted the rapid development of social
employment and economy. However, the environmental impact caused by industrialized
economy in the development period cannot be ignored, especially the heavy metal pollu-
tion in farmland, which seriously affects the social health and the stable development of
agriculture. People depend on food, which shows that agriculture is related to people’s
health and social stability. Agricultural fields in many rural areas are polluted by heavy
metals due to the random discharge of industrial wastes. According to relevant data
reports, heavy metal pollution causes grain production reduction of 12 million tons in
China every year, and direct agricultural economic loss is up to CNY 30 billion (indirect
economic losses such as ecological restoration costs and social impact costs were not taken
into account) [1,2]. It is therefore imperative to strengthen heavy metal farmland environ-
mental governance, and it is necessary for all departments in our country to strengthen
environmental ecological governance to ensure agriculture and food safety. The main cause
of heavy metal pollution in farmland is that human beings ignore ecological protection in
the development of economic activities [3,4].
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According to the experience of ecological protection at home and abroad, it is found
that harnessing rural ecological problems based on the ecological compensation mechanism
is an effective way to improve the farmland environment and increase agricultural crop
yield. At the same time, due to the excessive concentration of metal elements in metal-
polluted soil, the farmland soil has problems of drought and high salinity, which inhibit
the growth of plants. At present, the main remediation technologies of heavy metal
contaminated soil are physical and chemical remediation technology, microbial remediation
technology, ecological remediation technology etc. [5].

Therefore, based on the ecological compensation mechanism of heavy metal pollution
in farmland, combined with the Nemero index method and the relevant theories of the Soil
Environmental Quality Standard, the ecological compensation framework of heavy metal
pollution in farmland was constructed in this study, and effective farmland remediation
suggestions were put forward according to the characteristics of heavy metal pollution
in farmland, so as to improve the heavy metal pollution in farmland and promote the
sustainable development of agricultural economy.

2. Ecological Compensation Theory Research and Heavy Metal Farmland Pollution
Grade Evaluation

2.1. Research on Ecological Compensation Theory

Heavy metal pollution of farmland is a common ecological pollution problem of
farmland, which is mainly caused by a large number of toxic and harmful heavy metal
substances flowing into farmland, destroying the ecological mechanism and structure of
farmland soil and causing excessive metal substances in farmland. Common toxic and
harmful heavy metals include cadmium (Cd), nickel (Ni), copper (Cu), zinc (Zn), chromium
(Cr), arsenic (As), mercury (Hg) etc. Cadmium metal pollution is especially particularly
serious [6,7].

Industrial manufacturing enterprises discharge some harmful substances exceeding
the standard into the farmland environment through water or air, resulting in a series of
physical and chemical phenomena in the farmland soil. For example, toxic and harmful
heavy metals will change the structure of farmland soil through oxidation, deposition,
dissolution, reduction etc. Because different ecological crops have different tolerance to
heavy metals, even some metals are difficult to degrade, such as cadmium and nickel, as
they will accumulate in the soil for a long time and be absorbed by plants, which will
inhibit the photosynthesis, biological enzyme reaction and nutrient absorption of plants,
and affect the growth of crops [8]. At the same time, various heavy metal substances of
crops grown under heavy metal farmland also seriously exceed the standard, which will
cause functional deterioration, poisoning, carcinogenesis and other problems when eaten
by people, affecting human health.

2.2. Definition of Heavy Metal Farmland Pollution

There are many research methods for investigating heavy metals in farmland. Here,
heavy metal pollution in farmland was studied by comparative analysis method. Nerome
pollution index and pollution single factor index were used to express the farmland pollu-
tion; the Nemero index is a weighted multi-factor environmental quality index that takes
into account extreme values or highlights maximum values [9]. Among them, the single
factor index of farmland pollution is shown in Equation (1).

Ci
P, [ ?l (1)

C; represents the measured concentration value of heavy metals. P; represents the
quality index of heavy metals in soil. S; represents the evaluation coefficient of heavy
metals. In the actual definition of farmland pollution, the polluted farmland is generally
expressed as P; > 1, and the non-polluted farmland soil as P; < 1. The larger the value of
P;, the more serious the heavy metal pollution in farmland [10]. In the definition of heavy
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metal pollution in farmland, there is not only one harmful heavy metal in farmland, and
some special areas need to consider the influence of multiple heavy metals at the same time.
Thus, a single pollution factor is not enough to reflect the actual situation of farmland [11].
Therefore, the Nerome pollution index is used to reflect the comprehensive impact of heavy
metals on farmland (2).

I — Pzzrnax + Pi2ave (2)
2

I represents the comprehensive pollution index of heavy metal farmland, pimax repre-
sents the largest single pollution index and p;,y. represents the average single pollution
index. The Nerome pollution index can more accurately reflect the situation of farmland
pollution, and can highlight the main situation of farmland pollution, which is convenient
for people to take effective control measures on polluted farmland. The single factor soil
pollution evaluation is shown in Table 1 [12].

Table 1. Assessment of soil pollution level.

Pollution Levels Pollution Status Pollution Evaluation Index Farmland Quality
Level one clean p<07 In safe and healthy condition
Secondary Relatively clean 07<p<1 Relatively safe, but on the verge of pollution
Heavy metals in farmland soil obviously
Level three Slight 1<p<2 exceed the safe value, and plant growth is

affected to a certain extent
Farmland soil, microorganisms, plant growth

Level 4 Medium 2<p<3 9.
restriction
Fifth grade Serious p>3 Plants die, soil is heavily polluted
In the evaluation of farmland pollution, generally the main reference is the soil quality
label and the environmental background. Different heavy metal-polluted farmlands are
different in actual evaluation due to different metal elements and degrees of pollution.
Therefore, it is convenient to conduct a unified analysis of polluted farmland across the
country, and uniformly adopt the evaluation standard (S;) for soil material pollution in
farmland in the “Soil Environmental Quality Standards” [13]. The relationship between
soil quality grade and pH (hydrogen ion concentration, PH) is shown in Table 2.
Table 2. Soil environmental quality evaluation criteria.
Level One Secondary Level Three
Heavy Metal Farmland Type Farmland
Environment 6.5 <pH <75 pH > 6.5
Background

Cd < 0.20 0.3 1

Hg < 0.15 0.5 15

As . < 15 25 30

Cu farri?jr?g foliilard = % 100 400

Cr field, dry field = 20 300 400

Pb ! < 90 200 300

Zn < 100 250 500

Ni < 40 50 200

In the treatment of farmland polluted by heavy metals, the quality of farmland soil
should be fully considered, and necessary environmental treatment measures should be
taken according to the farmland pollution situation to ensure the healthy development
of modern agriculture [14]. The restoration ecological compensation mechanism is to
coordinate the relationship between the main body of ecological compensation and the
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department on the basis of improving the ecology of farmland, so as to meet the restoration
requirements of heavy metal polluted farmland in a specific form. In the study of compen-
sation mechanism for farmland polluted by heavy metals, it is necessary to optimize the
interest relationship among enterprises, farmers and the government, and take reasonable
and effective measures to ensure the stable development of agricultural economy [15]. Only
in this way can heavy metal polluted farmland be treated more effectively and regional
economic development status be improved.

3. Construction of Ecological Compensation Framework for Heavy Metal
Polluted Farmland

3.1. Investigation on Compensation of Heavy Metal Polluted Farmland Users

The compensation survey of users in heavy metal polluted farmland areas is mainly
carried out in the form of questionnaire surveys, field visits and consulting regional agricul-
tural economic documents. Therefore, 276 heavy metal pollution compensation question-
naires were distributed in the Changsha-Zhuzhou-Xiangtan area, including the economic
type of the local people, the understanding of heavy metal pollution, and the compensation
provisions for heavy metal pollution. Finally, 265 copies were recovered, with a recovery
rate of 96.01%.

According to the investigation of a heavy metal farmland pollution area, people in
heavy metal pollution areas mainly rely on agricultural economy. At the same time, many
enterprises choose to build factories and carry out production in rural areas. Although it
has driven the economic development of the region in the short term, in the long run, the
agricultural ecology of some regions has been affected by industrial pollution, resulting in
some cultivated farmland becoming heavy metal contaminated farmland [16]. Therefore, it
is necessary to investigate the agro-ecological situation in the region and comprehensively
understand the situation of heavy metal pollution in farmland and cultivated land in the
region, so as to provide effective reference for environmental and ecological governance
in agricultural areas [17]. In total, 276 agricultural planting personnel in the area were
investigated, accounting for 83.6% of the total sample number. The specific data are shown
in Figure 1.
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Figure 1. Survey data information of agricultural personnel.

From the survey data summary, overall cultural quality of the 276 agricultural growers
who participated in the survey is not high: they mainly live on labor and farming [18,19]. In
terms of gender data and age, agricultural workers are mainly male, ranging in age from 35
to 60. Through interviews and questionnaires, most respondents noted that farmland had
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been polluted, such as the yield and quality of cultivated crops had been affected, while the
biomass in farmland had declined sharply, including fish and frogs in rice [20]. However,
some people are not aware of the consequences of the pollution and have not experienced
adverse effects from daily consumption of crops from contaminated areas. This means
that in heavy metal polluted farmland areas, people are aware of farmland ecological
environment pollution, but not aware of the impact of ecological pollution. Therefore, the
government officials should carry out health and ecological education for the people in the
area and explain the related hazards.

3.2. Construction of Farmers” Ecological Compensation Intention Model

It is necessary to fully understand the attitude of agricultural personnel towards eco-
logical compensation projects through the investigation of user compensation for personnel
in a heavy metal polluted area. Only by identifying relevant influencing factors can we
effectively implement farmland ecological compensation mechanism for heavy metal pol-
lution. The main factors affecting the participation of agricultural personnel in ecological
compensation include annual income, active labor force, political status, educational level
and age. Based on the above factors, this paper constructs an evaluation model of farmers’
ecological compensation intention [21]. It is defined c as the model explanatory variable,
which indicates the attitude of agricultural personnel towards ecological compensation,
where 1 is used for willingness and 0 for non-acceptance. The influencing factors, including
annual income, labor force and political status, are all represented by variables X, as shown
in Equation (3).

X =(X1,X2, X3, ..., Xn) (©)]

In Equation (3), n is the factor serial number. Then the agricultural personnel’s attitude
towards ecological compensation is as seen in Equation (4).

Y =6+ 6 X1+ 0Xo +05X3,..., 0, Xy 4)

on represents a constant term used to explain some variables. Value is assigned to
ecological compensation factors, as shown in Table 3.

Table 3. Explanation of variable factor assignment.

Variable Factors

Factor Name Assign Value 1 Assign Value 0

X1

X2
X3
X4
X5
X6
X7
X8
X9

Annual income of agricultural

Annual income higher than 30,000  Annual income less than 30,000

personnel
Homework workforce More than two people Less than two people
Political status Party members and cadres Non-party members and cadres
Education level High school or above Lower than high school
Age Less than 35 Greater than 35
Farmland planting area More than 5 acres Less than 5 acres
Farmland pollution survey Polluted Unpolluted
Are crops affected Crop growth is affected Normal crop growth
Whether to produce crops Sell crops Don’t sell crops

When constructing the farmers’ intention model, the economic and family conditions
of agricultural personnel should be fully considered. While meeting the requirements
of local environmental protection, corresponding help should be provided to users with
difficulties [22], on the basis of satisfying the agricultural ecological health, sharing the
economic burden of agricultural personnel and promoting the treatment of heavy metal
pollution in farmland.

3.3. Compensation Standard

Heavy metal polluted farmland is mainly affected by cadmium, nickel, copper, zinc,
mercury and other harmful substances, which is difficult to control in practice. In addition,
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heavy metal pollution in farmland has irreversible impact on ecological restoration, which
is difficult to recover only through the natural environment, and the cycle is long [23].
Therefore, it is necessary to clarify the situation of farmland polluted by heavy metals, and
implement the corresponding compensation scheme and farmland restoration technology
according to the situation of farmland pollution, so as to effectively improve the problem
of farmland polluted by heavy metals [24]. With reference to the single-factor soil pollution
standard in Table 1 and the Soil Environmental Quality Standard in Table 2, under the
condition of considering the factors of compensation, it is necessary to further classify the
degree of heavy metal farmland soil pollution and obtain the unit compensation standard
of pollution level, as shown in Table 4.

Table 4. Division of compensation costs for farmland polluted by heavy metals.

Classification Clean Relatively Clean Slight Medium Serious
Heavy metal
pollution index p <07 07<p<1 1<p<2 2<p<3 p>3
Cost (yuan/acre) 0 3050 10,050 31,000 62,000

The premise of implementing ecological compensation scheme in rural heavy metal
polluted farmland is to meet the standards and requirements of ecological compensation,
which should not only meet the requirements of ecological environment management,
but also meet the requirements of fairness and justice. Generally speaking, the key to
the implementation of the whole ecological compensation mechanism is who causes the
pollution, who is responsible for the treatment, and who protects and who benefits [25].
Ecological environment protection has the characteristics of publicity. Every citizen has the
obligation to protect it and enjoys the right to use it. The analysis of heavy metal pollution
in farmland shows that the direct causes of farmland ecological pollution include the
discharge of toxic and harmful substances by enterprises and the destruction of ecological
environment by individual users. In the treatment of polluted farmland, environmental
protection compensation should be requested from the party that damages the environment,
and this part of compensation will become an important source of funds for environmental
management, maintenance and protection [26].

Meanwhile, a large number of local people are needed to participate in the treatment
of heavy metal polluted farmland to ensure the smooth implementation of ecological
protection activities. This includes government leaders, environmental technicians and local
people, who need to come together and be involved. We should encourage and support
those involved in ecological development and maintenance, establish a corresponding
reward mechanism for environmental governance and reflect the principle that those who
protect will benefit. The incentive cost of this part should also be borne by ecological
vandals, and corresponding compensation should be given to the management of heavy
metal farmland.

According to the scheme of farmland ecological treatment of heavy metal pollution,
the main body of compensation is the actor who destroys farmland ecology, and the benefi-
ciaries are the relevant personnel involved in environmental protection and management.
For the analysis of farmland pollution sources, farmland pollution sources are mainly
concentrated in three aspects, as shown in Figure 2 [27].
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Figure 2. Main sources of farmland heavy metals.

Heavy metal pollution in farmland is mainly affected by sewage discharge, sewage
irrigation and waste discharge. Among them, sewage discharge from enterprises has the
greatest impact, mainly involving chemical industry, mining and other high-risk pollu-
tion. Whether the compensation mechanism is effective requires full consideration of
these factors. The final environmental compensation standard can be understood as the
compensation for environmental governance and crop reduction of landowners, which
can be expressed in terms of opportunity value and environmental cost, as shown in
Equation (5) [28].

Cz = Cc + Ce (5)

C. represents opportunity value and C. represents environmental cost.

In the formulation of compensation standards, environmental costs are priced through
factors such as pollution sources and consumption of environmental resources, which are
closely related to social and economic development. However, the socio-economic effects
of environmental resources are varied, and some cannot be directly measured in monetary
terms, whereas crops grown on farmland can be. Opportunity cost mainly reflects the
criteria to evaluate environmental restoration through farmland ecological environment
restoration. In the formulation of actual compensation standards, the compensation stan-
dards caused by different pollution sources are different. But here we mainly consider
the farmland pollution caused by corporate sewage discharge, and mainly refer to the
compensation scheme formulation in Table 4 [29]. At the same time, due to the impact of
farmland pollution, the harvest of farmland crops is reduced, and the income of farmland
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is reduced. Therefore, the opportunity cost of polluted areas is an important content of
compensation. The opportunity cost is shown in Equation (6).

G=C-T )

1=

CC:
1

T represents the compensation cycle, C represents the average annual loss cost, C;
represents the opportunity cost and n represents the number of days of governance time.
In addition, different pollution evaluation levels will lead to differences in pollution control
methods and control periods. Therefore, the whole farmland ecological compensation
cycle is subject to the farmland environment restoration cycle [30]. According to the
relevant standards of environmental governance, compensation is calculated based on the
average yield of farmland crops in the 3 years before the reduction. Heavy metal farmland
will lead to a certain decrease in crop yield, but the biggest impact is the decline of crop
quality. Therefore, according to the relevant national regulations, the heavy metal pollution
of farmland will be the corresponding restrictions. In areas polluted by heavy metals,
crops will be selected according to the main pollution sources and pollution levels, and
agricultural farmers will be compensated according to compensation standards.

3.4. Ecological Compensation Scheme for Farmers

According to the different compensation funds, the compensation scheme of heavy
metal polluted farmland can be divided into compensation payment and financial payment.
Among them, the compensation payment is mainly through the fund payment, but also
through the exchange of goods and related supporting services. Common methods include
purchasing agricultural products to replace the original farmland crops, setting up rural
environmental service stations, etc., which need to be determined according to the actual
situation of heavy metal polluted areas [31].

In heavy metal farmland management, enterprises are the main consumers of farmland
ecological compensation. Therefore, in the whole ecological compensation, the enterprise is
the main body of direct compensation. Meanwhile, it is clearly stipulated in environmental
ecological governance in our country that enterprises undertake corresponding environ-
mental governance obligations and fulfill relevant responsibility requirements in the process
of social development, and the environmental governance margin paid by enterprises must
not be lower than the cost of environmental management [32]. Local governments should
force enterprises to pay environmental management fees in accordance with relevant state
regulations on environmental health management, and maintain the environment and
ecology well in accordance with the law. As the supervisor of environmental compensation
projects, the government needs to implement relevant environmental monitoring work and
protect the interests of agricultural production victims [33]. In addition, the government
sets specific environmental compensation standards according to environmental pollution
conditions, and compensates by means of subsidies and cash payments. The entire com-
pensation shall be carried out in accordance with the over refund and less compensation,
and the relevant compensation liability system shall be implemented to protect legitimate
rights and interests of the victims [34].

The financial payment mainly takes the government as the indirect compensation sub-
ject and undertakes the corresponding compensation obligation in the whole environmental
compensation work. The government compensation funds mainly come from government
financial subsidies and local taxes [35]. Due to the uncertainty and periodicity of the whole
heavy metal farmland compensation, government compensation mainly solves the problem
of economic development and ensures the stable development of regional economy.
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4. Case Analysis
4.1. Specific Cases

In the process of production and operation, a rural chemical enterprise failed to
discharge industrial production sewage into the rural river channel as required. People
in this area use the polluted water for irrigation, spraying and fertilization of farmland
without knowing, resulting in heavy metal pollution of a large amount of farmland in
this area. Soil samples were collected from 265 typical polluted places in the polluted
area, impurities were filtered, and the content of heavy metal elements in the soil was
detected by atomic fluorescence spectrometry. According to the inspection of the expert
group, the contaminated farmland in this area is up to 34,800 acres, including 30,000 acres
of contaminated farmland, 3200 acres of relatively clean farmland, 800 acres of Clean
farmland, 500 acres of Medium farmland and 300 acres of Serious farmland. It can be
seen that the heavy metal pollution of farmland in this area is relatively serious. The
experimental analysis of heavy metal property in polluted farmland is shown in Figure 3.
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Figure 3. Experimental results of heavy metal farmland pollution points.

Figure 3a shows the number of pollution sources at the detection points of polluted
farmland. According to the detection results of harmful elements in 150 typical detection
sites in the heavy metal polluted farmland, heavy metals are mainly As, Cd, and Zn. As
appeared in most of the experimental detection points, the number was 142, followed by
Cd, which appeared in 124 test points. In addition, the proportion of toxic and harmful
metals such as Zn and Cu is also relatively high. Figure 3b shows the proportion of harmful
elements in the test points. It can be seen that the highest proportion of harmful metals is
Cd, up to 26.4%, which exceeds the requirements of Soil Environmental Quality Standard
in Table 2. The content of Pb and Cu accounts for 6.8% and 5.2%, respectively. In addition,
Zn, Cr, Hg, Ni and As are detected at many detection points, but the contents of these heavy
metals are relatively low. According to the existing soil quality safety evaluation standards
in China, the contents of these heavy metals are close to the soil quality safety level. There-
fore, according to the above test results, it is necessary to evaluate the soil contaminated
by heavy metals with different pollution degrees and types, and take necessary treatment
measures. The main remediation techniques are ecological environment treatment (such
as phytoremediation) and physicochemical extraction. Ecological restoration technology
requires a long restoration time.

In addition, in some heavily polluted areas, the absorption of heavy metals by plants
will be greatly reduced. Thus, for areas where heavy metals exceed the standard seriously,
physical and chemical extraction should be used, assisted by ecological restoration, so as
to ensure regional ecological stability. In the rest of the region, ecological restoration is
the main task. Table 5 shows some phytoremediation of heavy metals. At present, for
Cd, Pb, Cu and other heavy metals, using plants, such as nightshade and shepherd’s
purse, can obtain better heavy metal absorption effect. However, considering the economic
development needs of rural farmland, modified wheat, rice and corn should be planted
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in low-pollution areas, which can not only absorb certain heavy metals, but also reduce
agricultural losses.

Table 5. Phytoremediation of heavy metals.

Heavy Metal Restoration Plant Content mg/kg Estimated Lifespan (Years)

As Centipede grass 40 3

Cd Solanum nigrum 82 2

Zn Sedum 32 1.5
Cu Indian acrestard greens 56 2.8
Hg Canada poplar, mangrove 15 2.6
Cr Jatropha curcas, reeds 43 2.8
Pb Indian shepherd’s purse 36 42

Figure 4 shows the remediation of heavy metal polluted farmland with improved
wheat remediation technology and physicochemical remediation technology in this case.
The final remediation cost of polluted farmland with different pollution degrees is shown
in Figure 4a. It can be seen that farmlands with different pollution degrees need different
costs in the treatment process. Among them, Clean farmland meets China’s farmland
environmental treatment safety standards, which do not need to repair due to the light-
est heavy metal pollution. Relatively clean farmland is polluted by heavy metals to a
certain extent, and some ecological restoration measures need to be taken to restore its
ecological function. The cost is 3100 yuan/acre. With the increase of pollution degree,
the cost of treatment increases rapidly. For example, the restoration cost of light polluted
farmland is 12,000 yuan/acre, and the restoration cost of Serious polluted farmland is up
to 65,000 yuan/acre. The restoration time of farmlands varies with different pollution
levels. As shown in Figure 4b, the longest restoration time is 40 months for Serious polluted
farmland, while the shortest is 15 months for Clean polluted farmland. It can be seen that
the more seriously polluted the farmland, the longer the restoration cost and restoration
cycle, and the greater the negative impact on the ecological environment and agricultural
production.
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Figure 4. Restoration of heavy metal polluted farmland in the case study area.

Table 6 shows the ecological compensation results of heavy metal agricultural areas in
this case based on ecological governance and regional agricultural compensation. The final
ecological compensation cost reached CNY 32.35 million. In addition to clean farmland, the
rest of the heavy metal polluted farmlands need ecological compensation and restoration.
Among them, the environmental value cost of Serious polluted farmland is the highest,
and the opportunity cost is also the highest because of the most serious ecological damage



Sustainability 2023, 15, 5210

11 0f 14

caused by pollution to such farmland. In other words, the higher the pollution degree of
heavy metal farmland, the higher the resource consumption and repair cost.

Table 6. Ecological compensation for heavy metal polluted farmland in the case study area.

Polluted area/acre

Environmental value (yuan/acre)

Opportunity cost

Ecological compensation standard

(yuan/acre)

Ecological compensation amount

(million yuan/acre)

Ecological Compensation Cost Clean Relatively Clean Slight Medium Serious
0 3200 800 500 300
0 3100 12,000 35,000 65,000
0 1520 2150 2450 3650
0 4550 13,200 36,000 66,000
0 1300 906 310 124
3235

Final total compensation (million

yuan/acre)

4.2. Opinions on the Control of Heavily Polluted Farmland

Metal pollution of farmland is mainly affected by such factors as enterprise pollution
discharge, farmland fertilization and industrial exhaust emissions. In particular, the im-
pact of chemical enterprises on the whole agricultural ecology is fatal. In the survey of
heavy metal contaminated farmland, most of the farmland was affected by heavy metal
contaminated water sources, accounting for 72.63%, followed by pesticides and fertilizers,
accounting for 12.62%, and the rest accounted for 14.75%.

According to the survey results, several suggestions are put forward for the remedia-
tion of heavy metal farmland. First of all, strengthen regional environmental supervision,
establish more effective environmental health supervision regulations, and clarify responsi-
bilities and obligations. We should strengthen institutional supervision and punishment
on enterprises in high-pollution areas, and avoid the disorderly disposal of hazardous
substances by enterprises from the source. Secondly, do a good job in environmental health
control, and take necessary environmental control measures according to the degree of
heavy metal pollution in farmland and main pollution elements, including environmental
protection publicity, environmental safety education etc. Finally, we should introduce
diversified environmental governance means, including ecological environmental gover-
nance means, physical governance means and microbial governance means, to improve the
quality of regional environment.

4.3. Discussion

Heavy metal pollution in rural areas is a hot topic of social concern. Heavy metal
pollution has a serious impact on environmental ecology, modern agriculture and food
safety. Applying the ecological compensation mechanism to the environmental treatment
process of heavy metal polluted areas provides a new direction for the remediation of
heavy metal polluted farmland and the development of agricultural economy. Heavy metal
pollution control in rural areas has been criticized for a long time [36]. The main reason
is that the heavy metal pollution problem in rural areas cannot clarify the responsibility
of the pollution subject, the pollution compensation method, the pollution object and
the pollution evaluation standard. At the same time, a survey was carried out on the
development structure of rural economy in heavy metal pollution areas [37]. Most of the
villagers in the remaining villages mainly rely on agricultural economy, while a small
number of villagers choose to work in nearby village enterprises. This economic structure
led to the local people’s lack of awareness of the hazards of heavy metal pollution, and
even many people were employed in sewage enterprises, resulting in the phenomenon of
shelter and illegal pollution, which affected the restoration of heavy metal contaminated
farmland [38].

In recent years, China has strengthened the development requirements for rural en-
vironment and food safety, making the agricultural ecological restoration compensation
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mechanism gradually perfect. In the ecological compensation mechanism, the main com-
pensation requirement of “who pollutes, who compensates” is clearly stipulated. At the
same time, with the gradual improvement of relevant environmental regulatory require-
ments and the innovation of heavy metal pollution remediation technology, the problem
of heavy metal pollution in rural areas has also been alleviated [39]. In the agricultural
environmental governance, the ecological restoration mechanism needs to fully clarify the
responsible person of the pollution subject, the method of pollution compensation and the
technology used for environmental governance.

Through questionnaire survey and regional agricultural economic literature survey,
this study has grasped the economic structure type and environmental pollution charac-
teristics of heavy metal pollution areas. The main pollution elements are As, Cd and Zn,
among which Cd element pollution is relatively serious, accounting for 26.4% of farmland
pollution detection. Through further investigation of the main pollution factors, pollution
levels and pollution sources in the polluted areas, the pollution subjects such as sewage
enterprises, pesticide and fertilizer users were identified. Based on the evolutionary game
theory, some studies have developed a set of mathematical models to evaluate the attitude
and preference to the ecological compensation plan. The three main stakeholders include
farmers, local governments and business groups to investigate whether the asymptotic
stability strategy of stakeholders can be realized, and the simulation analysis shows the
sensitivity characteristics and evolution process of stakeholders affected by various factors.
The results show that the threshold effect of these factors is an important basis for formu-
lating the ecological compensation plan of the forest ecotourism system, and put forward
the three-stage strategy and policy implications for the development of the operational
ecological compensation plan of the forest ecotourism system [40]. According to the envi-
ronmental compensation standard, the polluter will bear the main pollution control cost
and agricultural loss cost, and determine the amount of compensation for farmland with
different pollution levels according to the pollution level and scope. At the same time, in
the operation of the compensation mechanism, local governments and enterprises need
to actively participate in the environmental governance and recovery process, and select
appropriate governance measures according to the type of pollution, so as to effectively
improve the rural pollution problem and improve the application effect of the ecological
compensation mechanism.

5. Conclusions

Environmental pollution has always been a major problem facing the development of
modern industry. With the development of modern industrial technology, the development
of green and new energy industry has become one of the important means to promote
China’s economic development. Heavy metal pollution in farmland was analyzed in
this paper. In order to improve the quality of farmland polluted by heavy metals, a soil
environmental evaluation system was constructed based on the restoration ecological
compensation theory. The main pollution sources and pollution degree of heavy metal
polluted farmland were analyzed, and the compensation plan for heavy metal polluted
farmland was obtained. In addition, this paper selected a region of heavy metal polluted
farmland as the research object; the types of heavy metals in farmland were tested and
analyzed. The results showed that Cd was the main contaminant, accounting for 26.4%,
followed by Pb, accounting for 6.8%. According to the established compensation scheme,
ecological treatment of farmland with different pollution degree was carried out, and
the total amount of ecological compensation reached CNY 32.35 million. In recent years,
China has strengthened environmental health supervision, effectively improving regional
ecological environment and air quality. However, some underdeveloped agricultural
areas still face major environmental problems, such as heavy metal pollution and high
concentration of atmospheric dust. Therefore, it is necessary to establish the corresponding
system in environmental governance and strengthen people’s attention to environmental
health, so as to ensure the health of the ecological environment. However, there are
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still some deficiencies in the study, which does not take into account the harm of heavy
metal pollution to human physical and mental health, and the research needs further
improvement in the future.

Author Contributions: Investigation, Z.C.; Writing—original draft, Z.C.; Supervision, X.Y. All au-
thors have read and agreed to the published version of the manuscript.

Funding: This work was sponsored in part by Heilongjiang Provincial Research Plan for Philosophy
and Social Sciences (No. 21JYC244).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: All data generated or analysed during this study are included in this
published article.

Conflicts of Interest: The authors declare no conflict of interests.

References

1.  He,J; Wan, Y;; Tang, Z.; Zhu, X. A developed framework for the multi-district ecological compensation standards integrating
ecosystem service zoning in an urban area in China. Sustainability 2019, 11, 4876. [CrossRef]

2. Baker, M.; Domanski, A.; Hollweg, T.; Murray, J.; Lane, D.; Skrabis, K.; Taylor, R.; Moore, T.; DiPinto, L. Restoration scaling
approaches to addressing ecological injury: The habitat-based resource equivalency method. Environ. Manag. 2020, 65, 161-177.
[CrossRef] [PubMed]

3. Deng, C.; Zhang, S.; Lu, Y,; Li, Q. Determining the ecological compensation standard based on forest multifunction evaluation and
financial net present value analysis: A case study in southwestern Guangxi, China. J. Sustain. For. 2020, 39, 730-749. [CrossRef]

4. Yu,S,;Cui, B.; Xie, C.; Ma, X,; Ning, Z. Ecological offsetting in China's coastal wetlands: Existing challenges and strategies for
future improvement. Chin. Geogr. Sci. 2019, 29, 202-213. [CrossRef]

5. Lv,C,; Ling, M.; Wu, Z,; Cao, Q. Quantitative assessment of ecological compensation for groundwater overexploitation based on
emergency theory. Environ. Geochem. Health 2020, 42, 733-744. [CrossRef]

6. Meng, Y,; Liu, M.; Guan, X.; Liu, W. Comprehensive evaluation of ecological compensation effect in the Xiaohong River Basin,
China. Environ. Sci. Pollut. Res. 2019, 26, 7793-7803. [CrossRef]

7. Wu, W. The reform of the compensation system for ecological and environmental damage in China. Nat. Resour. ]. 2020, 60,
63-102.

8. Cao,S; Xia, C.; Li, W,; Xiao, L. Win—win path for ecological restoration. Land Degrad. Dev. 2021, 32, 430—438. [CrossRef]

9. Martin, R.; Schliiter, M.; Blenckner, T. The importance of transient social dynamics for restoring ecosystems beyond ecological
tipping points. Proc. Nat. Acad. Sci. USA 2020, 117, 2717-2722. [CrossRef]

10. Hao, H,; Li, Y.; Zhang, H.; Zhai, R.; Liu, H. Spatiotemporal variations of vegetation and its determinants in the National Key
Ecological Function Area on Loess Plateau between 2000 and 2015. Ecol. Evol. 2019, 9, 5810-5820. [CrossRef]

11.  Kangas, J.; Ollikainen, M. Economic insights in ecological compensations: Market analysis with an empirical application to the
Finnish economy. Ecol. Econ. 2019, 159, 54-67. [CrossRef]

12. Kariuki, J.; Birner, R. Exploring Gender Equity in Ecological Restoration: The Case of a Market-Based Program in Kenya. Ecol.
Restor. 2021, 39, 77-89. [CrossRef]

13. Strassburg, B.N.; Beyer, H.L.; Crouzeilles, R. Strategic approaches to restoring ecosystems can triple conservation gains and halve
costs. Nat. Ecol. Evol. 2019, 3, 62-70. [CrossRef]

14. Mansourian, S. Disciplines, sectors, motivations and power relations in Forest Landscape Restoration. Ecol. Restor. 2021, 39, 16-26.
[CrossRef]

15. Lovelock, C.E.; Brown, B.M. Land tenure considerations are key to successful mangrove restoration. Nat. Ecol. Evol. 2019, 3, 1135.
[CrossRef] [PubMed]

16.  Zhou, L.; Wang, X.; Wang, Z.; Zhang, X.; Chen, C.; Liu, H. The challenge of soil loss control and vegetation restoration in the karst
area of southwestern China. Int. Soil Water Conserv. Res. 2020, 8, 26-34. [CrossRef]

17.  De Matos, T.P.V.; De Matos, V.P.V.; De Mello, K.; Valente, R.A. Protected areas and forest fragmentation: Sustainability index for
prioritizing fragments for landscape restoration. Geol. Ecol. Landsc. 2021, 5, 19-31. [CrossRef]

18.  Anderson, D.L.; Rooney, R.C. Differences exist in bird communities using restored and natural wetlands in the Parkland region,
Alberta, Canada. Restor. Ecol. 2019, 27, 1495-1507. [CrossRef]

19. Chazdon, R.L. Creating a culture of caretaking through restoring ecosystems and landscapes. One Earth 2020, 3, 653-656.
[CrossRef]

20. Gerwing, T.G.; Plate, E. Effectiveness of nutrient enhancement as a remediation or compensation strategy of salmonid fisheries in

culturally oligotrophic lakes and streams in temperate climates. Restor. Ecol. 2019, 27, 279-288. [CrossRef]


http://doi.org/10.3390/su11184876
http://doi.org/10.1007/s00267-019-01245-9
http://www.ncbi.nlm.nih.gov/pubmed/31915910
http://doi.org/10.1080/10549811.2020.1723644
http://doi.org/10.1007/s11769-019-1024-4
http://doi.org/10.1007/s10653-019-00248-z
http://doi.org/10.1007/s11356-019-04208-z
http://doi.org/10.1002/ldr.3739
http://doi.org/10.1073/pnas.1817154117
http://doi.org/10.1002/ece3.5165
http://doi.org/10.1016/j.ecolecon.2019.01.003
http://doi.org/10.3368/er.39.1-2.77
http://doi.org/10.1038/s41559-018-0743-8
http://doi.org/10.3368/er.39.1-2.16
http://doi.org/10.1038/s41559-019-0942-y
http://www.ncbi.nlm.nih.gov/pubmed/31285575
http://doi.org/10.1016/j.iswcr.2019.12.001
http://doi.org/10.1080/24749508.2019.1696266
http://doi.org/10.1111/rec.13015
http://doi.org/10.1016/j.oneear.2020.11.010
http://doi.org/10.1111/rec.12909

Sustainability 2023, 15, 5210 14 of 14

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Clark, C.; Nyaupane, G.P. Connecting landscape-scale ecological restoration and tourism: Stakeholder perspectives in the great
plains of North America. J. Sustain. Tour. 2022, 30, 2595-2613. [CrossRef]

Long, R. Restoring marine environmental damage: Can the Costa Rica v Nicaragua compensation case influence the BBNJ
negotiations? Rev. Eur. Comp. Int. Environ. Law 2019, 28, 244-257. [CrossRef]

Liu, L.; Zeng, K.; Wu, N.; Zhang, X.; Sun, F. Variation in physicochemical and biochemical soil properties among different plant
species treatments early in the restoration of a desertified alpine meadow. Land Degrad. Dev. 2019, 30, 1889-1903. [CrossRef]
Ouyang, Z.; Song, C.; Zheng, H.C.G. Using gross ecosystem product (GEP) to value nature in decision making. Proc. Nat. Acad.
Sci. USA 2020, 117, 14593-14601. [CrossRef]

Becker, N.; Gross, Y.; Lavee, D. Cost-benefit analysis of restoring an ephemeral desert stream after an ecological accident. Water
Policy 2022, 22, 328-347. [CrossRef]

Hu, D,; Liu, H.; Chen, X.; Chen, Y. Research on the ecological compensation standard of the basin pollution control project based
on evolutionary game theory and by taking Xiangjiang River as a case. Front. Eng. Manag. 2019, 6, 575-583. [CrossRef]
Buitenhuis, Y.; Dieperink, C. Governance conditions for successful ecological restoration of estuaries: Lessons from the Dutch
Haringvliet case. |. Environ. Plan. Manag. 2019, 62, 1990-2009. [CrossRef]

Wei, C.; Liu, H.; Lv, J. Preliminary Study on the Ecological Compensation of the Primary and Secondary Reserves in Drinking
Water Source Area of the Shitoukoumen Reservoir. Meteorol. Environ. Res. 2020, 11, 12-20.

Hu, Y,; Huang, J.; Hou, L. Impacts of the grassland ecological compensation policy on household livestock production in China:
An empirical study in Inner Mongolia. Ecol. Econ. 2019, 161, 248-256. [CrossRef]

Li, X.; Wang, Y.; Yang, R. From “blood transfusion” to “hematopoiesis”: Watershed eco-compensation in China. Environ. Sci.
Pollut. Res. 2022, 29, 49583-49597. [CrossRef] [PubMed]

Fan, M.; Chen, L.; Wang, Q. Assessing the high impacts of land use change: Spatial characteristics of land uses and ecological
compensation based on payment for ecosystem services model in a mountainous area, China. Mitig. Adapt. Strat. Glob. Chang.
2019, 24, 1431-1460. [CrossRef]

Shanshan, J.; Yanqing, Z. Ecological compensation method for soil polluted by heavy metals based on internet of things. Earth Sci.
Res. J. 2020, 24, 153-161. [CrossRef]

Yang, Q.; Nan, Z.; Tang, Z. Influencing factors of the grassland ecological compensation policy to herdsmen's behavioral response:
An empirical study in Hexi corridor. Acta Ecol. Sin. 2022, 42, 74-79. [CrossRef]

Xu, J.; Xiao, Y.; Xie, G.; Yuan, ]J. Ecosystem service flow insights into horizontal ecological compensation standards for water
resource: A case study in Dongjiang Lake basin, China. Chin. Geogr. Sci. 2019, 29, 214-230. [CrossRef]

Liu, W.; Hughes, A.C.; Bai, Y. Using landscape connectivity tools to identify conservation priorities in forested areas and potential
restoration priorities in rubber plantation in Xishuangbanna, Southwest China. Land. Ecol. 2020, 35, 389—402. [CrossRef]

Wei, X.G.; Liu, H.L,; Li, G.H. Influencing Factors of Eco-Environmental Safety of Mines and Their Green Development: A Case
Study of Taoshan Coal Mine in Heilongjiang Province, China. Nat. Environ. Pollut. Technol. 2020, 19, 831-838.

Jiang, D.; Chen, Z.; Mcneil, L.; Dai, G. The game mechanism of stakeholders in comprehensive marine environmental governance.
Mar. Policy 2019, 112, 103728. [CrossRef]

Xi, B.; Jing, H. Research on horizontal compensation of ecological economic benefits under differential responsibility. Environ. Sci.
Pollut. Res. 2021, 28, 29875-29889. [CrossRef]

Patterson, C.; Torres, A.; Coroi, M. Treatment of ecological connectivity in environmental assessment: A global survey of current
practices and common issues. Impact Assess. Proj. Apprais. 2022, 40, 460-474. [CrossRef]

Bu, Y.; Wang, E.; Yu, Y. Analysis on asymptotic stabilization of eco-compensation program for forest ecotourism stakeholders.
Environ. Sci. Pollut. Res 2021, 28, 29304-29320. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1080/09669582.2020.1801698
http://doi.org/10.1111/reel.12309
http://doi.org/10.1002/ldr.3376
http://doi.org/10.1073/pnas.1911439117
http://doi.org/10.2166/wp.2020.014
http://doi.org/10.1007/s42524-019-0044-1
http://doi.org/10.1080/09640568.2018.1529556
http://doi.org/10.1016/j.ecolecon.2019.03.014
http://doi.org/10.1007/s11356-022-20876-w
http://www.ncbi.nlm.nih.gov/pubmed/35596865
http://doi.org/10.1007/s11027-019-09858-5
http://doi.org/10.15446/esrj.v24n2.87441
http://doi.org/10.1016/j.chnaes.2021.03.008
http://doi.org/10.1007/s11769-019-1025-3
http://doi.org/10.1007/s10980-019-00952-2
http://doi.org/10.1016/j.marpol.2019.103728
http://doi.org/10.1007/s11356-021-12835-8
http://doi.org/10.1080/14615517.2022.2099728
http://doi.org/10.1007/s11356-021-12703-5
http://www.ncbi.nlm.nih.gov/pubmed/33555467

	Introduction 
	Ecological Compensation Theory Research and Heavy Metal Farmland Pollution Grade Evaluation 
	Research on Ecological Compensation Theory 
	Definition of Heavy Metal Farmland Pollution 

	Construction of Ecological Compensation Framework for Heavy Metal Polluted Farmland 
	Investigation on Compensation of Heavy Metal Polluted Farmland Users 
	Construction of Farmers’ Ecological Compensation Intention Model 
	Compensation Standard 
	Ecological Compensation Scheme for Farmers 

	Case Analysis 
	Specific Cases 
	Opinions on the Control of Heavily Polluted Farmland 
	Discussion 

	Conclusions 
	References

