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To standardize the specification of negative externality management of mining resources development and promote the
process of marketization and diversification of ecological compensation, the article reviews the perspective and method of
quantitative evaluation of negative externalities based on summarizing the mineralization principle, characteristics, and
three-generation leaching process of weathered crust elution-deposited rare earth ore. +en, the principle of external loss in
the process of mining and separation of weathered crust elution-deposited rare earth ore is analyzed and an external loss
evaluation system is constructed. In this system, the market value method, shadow engineering method, and labor cost
method are mainly used to measure and calculate the industrial “three-waste” pollution control expenses, ecological
environment repair cost, and negative external derivative management cost of weathered crust elution-deposited rare earth
ore development. Finally, based on the evaluation system, the data of the Longshe rare earth mining area in Jiading Town,
Xinfeng County, was evaluated by the empirical study and it is obtained that the negative externality cost of the Longshe rare
earth mining area in Xinfeng County is 102,900 RMB/t. National and local governments may refer to this model and data to
strengthen the prevention and control of air, water, and soil pollution; scientifically control the ecological environment of
weathered crust elution-deposited rare earth waste mines; and safeguard the livelihood and well-being of the residents of
mining areas.

1. Introduction

Weathered crust elution-deposited rare earth ore refers to
the black mica granite or volcanic rock in Yanshanian after
the rock formation, wherein the feldspar after many years of
CO2, H2O, and organic acid weathering turned into clay
containing halloysite, illite, kaolinite, montmorillonite, and
other components. Weathered rare earth minerals dissoci-
ated out of hydrated ions or hydroxyl hydrated ions which
were washed by rain and attached to clay
[Al2Si2O5(OH4)]m · nRE3+ minerals. By the continuous
weathering erosion and downward leaching development,
rare earth ions eventually in the quaternary enriched and

integrated the ore [1]. +e main mineralization elements of
the weathered crust elution-deposited rare earth ore include
geotectonic location, construction, and deposition of rock
magma, topography, and mineralization era. +e colors are
mainly gray, white, red, and yellow. According to the
weathered crust species, it can be divided into plutonic rocks
weathered crust, hypabyssal rocks weathered crust, and
extrusive rocks weathered crust. According to geological
storage type, it can be divided into full-duplex and bare-
footed type. +e typical deposits are Longnan as the rep-
resentative of heavy rare earth deposits, Xunwu as the
representative of the light rare earth deposits, and Xinfeng as
the representative of the middle yttrium and rich europium
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in rare earth deposits. Weathered crust elution-deposited
rare earth ore is rich in medium-heavy rare earth elements,
with a grade of about 0.03% to 0.15%. It was first discovered
in the mid-1960s, mainly distributed in Jiangxi, Fujian,
Hunan, Guangxi, Guangdong, and other southern Provinces
of the more humid and hotter climate of the hilly area. It has
characteristics with small radioactivity, low cost, complete
distribution, easy extraction, and so on. It exempts from
crushing and mineral processing processes and directly
through immersion to obtain rare earth oxides and in the
military, metallurgy, petrochemical, ceramics, and other
fields of application are quite extensive. China is the first
country to mine and utilizes weathered crust elution-de-
posited rare earth ore. It began in the mid-1960s in the
southern heavy rare earth resources base military trade
union war. After more than 50 years of development, the
leaching process has been continuously improved; as shown
in Figures 1–3, it has from the NaCl leaching agent to the
(NH4)2SO4 leaching agent to the mixture of ammonium salt
leaching agent, from the pool immersion to the heap
leaching to the three generations of in situ leaching process
of the progressive. Our research workers, without abroad ore
mining and separation experience, adhere to the indepen-
dent and finish the science and technology mission of the
eighth, ninth, and tenth Five-Year [2]. Today, rare earth new
materials are widely used to achieve high product added
value in industries such as wind power, smartphones, new
energy vehicles, and wearable batteries.

However, in the continuous development and produc-
tion of weathered crust elution-deposited rare earth re-
sources, no matter what kind of process, it will inevitably
produce damage to the natural landscape, water resources,
and human health, as shown in Table 1. +is resulted in
varying degrees of external loss, hindering the healthy de-
velopment of ecological civilization in the new era.

+e quantification and treatment of negative exter-
nalities of the development of weathered crust elution-
deposited rare earth ore is a complex process. For ex-
ample, it is difficult to quantify the pollution of
groundwater, and its influence on future generations is
far-reaching. At present, there is no scientific and effective
treatment method. Hu and Wu introduced the externality
coefficient to evaluate the impact on the environment and
economy [4]. Zhang used the threshold value of carbon
emission as the governance standard of negative exter-
nalities [5]. Zhou thought to collect fuel tax and con-
gestion fees to deal with the negative externalities in the
field of transportation. Shubhayu calculated the negative
externalities of mining residents’ health based on statis-
tical functions of related diseases [6]. Li and Zhang
adopted the CVM method to measure the negative ex-
ternality standard of coal development [7]. Bani-Mustafa
et al. conducted a risk assessment of the negative external
of nuclear power plants through the extension method of
hypothesis deviation [8]. Experts and scholars at home
and abroad use various methods to discuss the quantifi-
cation of negative externalities from different evaluation
angles. On the basis of previous studies, combined with
the characteristics of weathered crust elution-deposited

rare earth ores development, a reasonable negative ex-
ternality evaluation index system is constructed to ef-
fectively measure the development loss of weathered crust
elution-deposited rare earth ores and to actively improve
the quantitative evaluation of negative externality. It has
provided reference for environmental governance and
ecological compensation for residents in mining area, so
as to realize the ecological balance of human resource
development and natural survival.
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Figure 1: Weathered crust elution-deposited rare earth ore first-
generation process.
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Figure 2:Weathered crust elution-deposited rare earth ore second-
generation process.
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2. Negative Externality Quantitative
Evaluation Perspective

2.1. Value of the Ecosystem’s Services. Ecosystem services
mainly refer to the services pay of the natural ecosystem for
human survival and its economic activities [9]. At present,
the evaluation of the service value of the ecosystem is mainly
through three methods, which are the quality assessment of
goods, the value assessment, and the analysis of energy value.
+e value measurement with the widest application can be
divided into the actual market assessment, alternative
market evaluation, and simulation market evaluation. +e
specific methods of actual market assessment are the market
value method and expense method. +e alternative market
assessment is similar to the shadow price problem, which is

used to obtain monetary value by the method of finding an
equal amount of alternative goods. +e simulation market
assessment obtains economic value standard mainly by
investigating the pay willingness of ecoservice users.

2.2. Ecological Loss Value. +e value of ecological envi-
ronment loss is a measure of the external loss brought to
the ecological environment by economic subjects in
economic activities; for example, the exploitation of
mining resources brings not only external damage such as
atmosphere, water, land, and forest but also the pollution
caused by tailings reservoirs, waste storage, pollution of
deep groundwater, and so on [10, 11]. Even the sur-
rounding residents’ mental disorders are caused by the
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Figure 3: Weathered crust elution-deposited rare earth ore third-generation process.

Table 1: Weathered crust elution-deposited rare earth ore process characteristics and negative external effects [3].

Process First generation Second generation +ird generation
Leaching
process Barrel leaching, pool leaching Pool leaching, heap leaching In situ leaching

Leaching agent NaCl (NH4)2SO4⟶mixed ammonium salt

Characteristics Simple source and cheap leaching
agent

Low concentration leaching, improving
economic and social benefits

Intact mountains and vegetation,
little infrastructure, and low cost,

improving efficiency

Negative
externalities

Inefficiency leaching, soil
salinization, destruction of mountain
landscape, and vegetation growth

Tailing piles occupy a large amount of
land, destroy the ecological

environment, and cause soil erosion

Contamination of groundwater;
improper injection is at risk
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poor living environment such as noise. +e calculation
results of ecological loss value can be a reference for the
low limit of negative externality quantitative evaluation.
Simple mining development negative externality quan-
tified Calculation Model is as follows:

EC � 
n

i�1
EaLi + 

n

i�1
EbLi + 

n

i�1
EcLi. (1)

Related parameters are listed. In formula (1), the units
are 10,000 yuan. EC is the amount of ecological compen-
sation. EaLi refers to the environmental pollution loss of the
type of i resource caused by mining development. EbLi refers
to the loss of ecological destruction value of the type i re-
source caused by mining development. EcLi refers to the
spiritual loss of the type of i resource caused by mining
development. N is the number of types of mining resources.

Among them, the evaluation method of environmental
pollution loss can be based on the market value method.+e
evaluation of ecological damage value loss is difficult to
quantify, which can only be considered from the perspective
of restoring the cost of the ecological environment before the
destruction. And the mental loss is put on hold.

2.3. Cost of Ecological Restoration. Because of the inevitable
exploitation of resources in human economic activities,
which leads to the loss of part of the ecological function of
the natural environment, it is necessary to invest a large
number of people and property for restorative management.
Following the principle of “who destroys, who governs,” the
cost of repairing governance after environmental damage is
calculated as a reference for determining negative exter-
nalities quantitative evaluation. +e waste of mining re-
sources development, the equipment and materials need to
repair environment and so on, can be calculated through the
market value method. +e cost of reclamation, planting, and
maintenance can be calculated through the shadow engi-
neering method and market value method. +e residents
around the mining area have a variety of physical diseases,
and the treatment of various diseases requires certain
medical expenses. +ese repair costs are important pa-
rameters for the quantitative evaluation of negative exter-
nality. However, when measuring accurately, it is difficult to
define the identity of environmentalists and to estimate the
input costs and individual opportunity cost losses of their
environmental protection economic behavior [12].

2.4. Profit of the User. From the positive externality of en-
vironmental protection behavior, after repairing, the loss
value of environmental damage was reduced and thus social
welfare was improved. Users enjoy environmental protec-
tion products and services at the same time and do not pay.
In order to expand the positive externality of environmental
protection results and to encourage the active participation
of environmental protection behavior, the beneficiary sub-
ject of environmental protection should be charged to
positive externalities costs and in turn return to environ-
mentalists. When quantifying the lost opportunity cost due

to negative externality losses, it is considered from this
perspective and calculated using the opportunity cost
method.

However, the benefits of ecological environment pro-
tection are not necessarily characterized by strong material
characteristics. Nonmateriality may make it difficult to
achieve economic quantification. And sometimes the eco-
logical beneficiary subject does not necessarily eventually
become the subject of payment property rights, which brings
many difficulties to the precise determination of negative
external governance standards [13].

3. Negative Externality-Quantified
Evaluation Method

3.1. Market Value Method. +e market value method is the
value of the services of an ecosystem that is measured by
market prices. +e cost of purchasing equipment required to
deal with negative externalities, the cost of installation and
maintenance, or market prices for finding alternatives due to
negative externalities losses can be used as the basis for the
quantification of negative externalities. +is method is more
dependent on market price and the more influence of the
process and process of governance and the obvious differ-
ence between different regions and negative externalities
indirect factors are not considered comprehensive, so there
may be some deviation between the calculation results and
the actual situation. Its expression is

X � 
n

i�1
maxXi. (2)

Parameter description: X represents the market value of
restoring the normal ecosystem and Xi represents the market
cost needed to deal with the negative externality of some
waste.

3.2. Shadow Engineering Method. +e Shadow engineering
method is to find alternative products with a strong function
when it is difficult to directly evaluate the value of ecological
services. It can build shadow engineering, simplify the
evaluation procedure, and measure its environmental in-
vestment and maintenance cost, which is mainly used for
vegetation or natural landscape destruction and other
negative externalities quantitative evaluation reference. Its
expression is

C � F x1, x2, x3, . . . , xn( . (3)

Parameter description: C represents the functional value
of the ecosystem and Xn represents the investment cost of
each project in the alternative project. +e characteristic of
this method is to replace the unmeasurable externality loss
value with the other industries’ economic value which can be
calculated simply, which improves the operability of
quantitative evaluation. Of course, when looking for alter-
native shadow projects, there may be a variety of industries
to choose from, so the calculation standard cannot be
unified. Only reasonable shadow projects can be selected
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according to the actual needs of external governance, or the
average value of various shadow projects can be calculated as
the quantitative standard for the evaluation of negative
externalities.

3.3. Labor Cost Method. +e labor cost method mainly
considers the loss of human health caused by negative ex-
ternality, including the loss of labor value and the cost of
recovery of health. Based on the level of local economic
development, the average wage of workers, the incidence of
some sort of disease, and the cost of health care, the number
of people affected is the parameters of negative externality
evaluation. However, this method cannot obtain specific
pathogenic factors; the scope and extent of its impact cannot
be accurately determined.

Its expression is

LC � W + F. (4)

Parameter description: LC represents labor cost, W
represents labor value loss, and F represents health recovery
cost.

3.4. Opportunity CostMethod. +e opportunity cost method
mainly refers to the opportunity to lose the development of
other industries due to the development of one industry. It is
the opportunity cost which is the greatest economic benefit
that the abandoned industry may gain. +is method applies
to the lack of market data and a wide range of other in-
dustries. Its expression is

OC � max P1, P2, P3, . . . , Pn( . (5)

Parameter description: OC represents opportunity cost
and Pn represents the income of the n-th kind of industry
that was forced to give up.

3.5. Contingent Valuation Method. Contingent valuation
method (CVM) was introduced by Davis in 1963, which
examine directly the respondents’ conduct in the hypo-
thetical market to obtain the consumer’s willingness to pay
(WTP) or the willingness to accept (WTA). And it is a way to
derive the economic value of environmental efficiency im-
provements or environmental quality loss and then to
measure the value of goods or services [14, 15].

+e economic interpretation of CVM: through a random
survey of questionnaires, consumers’ preferences are revealed,
and equal utility points of consumers in different environ-
mental states are deduced.+e expression of the indirect utility
function is V0(p, q0, y, s, ε) � V1(p, q1, y − w, s, ε) and the
economic value of environmental goods or services is obtained
through the quantitative determination of the distribution law
of willingness to pay w. Parameter description: it is assumed
that the utility function of consumers is influenced by market
goods p, nonmarket goods q (which will be valued), and
personal preference s. +e indirect utility function is not only
affected by market goods p, personal income y, personal
preference s, and nonmarket goods q but also affected by some
random components such as personal preference error and

measurement error. If this random component is represented
by ε, the indirect utility function can be represented by
V(p, q, y, s, ε). Respondents are usually faced with the pos-
sibility of a change in the state of the environment (from-to q1),
assuming that the change in the state is an improvement, that
is, V0(p, q0, y, s, ε)≤V1(p, q1, y − w, s, ε); the improvement
of this state requires a certain amount of money from
consumers.

3.6. Comparison of Evaluation Methods. On the basis of
analyzing the theory of various evaluation methods, the
amount of data required, the difficulty of obtaining data, the
complexity of calculation, and applicability are scientifically
compared when a negative externality quantitative evalua-
tion system is used for the development of weathered crust
elution-deposited rare earth ore. It is shown in Table 2 for
the selection of the evaluation system.

4. Negative Externality Performance in the
Development of Weathered Crust
Elution-Deposited Rare Earth Ore

+e negative externality of the development of weathered
crust elution-deposited rare earth ore mainly means that, in
the process of rare earth resource development, the terrain
and mountain view are destroyed which resulted in soil
erosion and landslides, the polluting surrounding of water
ecological environment, and soil ecological environment
which caused certain damage to animals, plants, and human
health.

4.1. “=ree-Waste” Pollution in the Industry of the Develop-
ment of Weathered Crust Elution-Deposited Rare Earth Ore.
+e waste was produced in the process of the precipitation,
extraction, and separation, which refers to the toxic and
harmful gases, polluting wastewater, and waste residue
emitted in the production process of weathered crust elu-
tion-deposited rare earth ore, among which the destruction
of water resources is the most serious. Each production of 1t
weathered crust elution-deposited rare earth concentrates
(REO 92%) consumes 1500 to 2400 t rare earth raw minerals
and the amount of “three-waste” pollution discharged is
shown in Table 3.

At present, the separation method of weathered crust
elution-deposited rare earth ore mainly by using NH4HCO3
or H2C2O4 precipitation will inevitably produce many
wastewater containing ammonia nitrogen, including
(NH4)2SO4 and NH4Cl two types, of which the treatment of
(NH4)2SO4 wastewater is more difficult. So far, there is no
reasonable treatment process [17].+e presence of NH+

4 may
cause changes in the chemical morphology of heavy metals
such as Cu, Cd, and Zn, which will affect the ability to
migrate and transform. Toxic and harmful ammonia ni-
trogen and nitrate nitrogen wastewater recovery and
treatment costs are high. Most rare earth mining enterprises
discharged without treatment or incomplete treatment.
Groundwater is polluted by the long-term residue in the land
and constantly penetrating the low-lying groundwater layer.
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+e consequences are not conceivable. +e O2 content of
weathered crust elution-deposited rare earth concentrate is
less than 0.002%, U3O8 content is less than 0.032%, and the
total specific activity of radiation is 2×104 Bq/kg [18]. Most
enterprises have not yet established radioactive acid slag
tailings, which resulted in radioactive contamination.

+e three-generation leaching process of weathered crust
elution-deposited rare earth ore has one thing in common,
which is that by burning wood or coal, the newly leached
oxalic or carbonic rare earth burns into rare earth mixtures,
which emit many toxic and harmful exhaust gas such as
smoke, dust, and SO2 [19]. +e separation and electrolysis
process of weathered crust elution-deposited rare earth ore
requires the use of a concentrated HCl with an HCl gas
content of 6 kg/h in the decomposition tank, which exceeds
the national emission standard by 2.72 times [20]. At present,
the vast majority of rare earth mineral processing plants for
toxic and harmful gases treatment ratio has reached more
than 85%, but there are still very few private small enterprises
discharging the waste gas untreated or not up to standard,
which will cause mining workers and surrounding residents
of various diseases to significantly increase.

Weathered crust elution-deposited rare earth ore in the
process of mining and separation will produce a large amount
of solid waste such as tailings andwaste residue [21]. According
to incomplete statistics, the Gannan rare earth mine will
produce an average of at least 13 million m3 of solid waste per
year [22]. +e vast majority of mining enterprises directly to
leaching residue as a general sludge treatment, not according to
the standard setup tailings reservoir. In the rainstorm weather,
it will be washed with rain, covering the downstream riverbed
and farmland.

4.2. Weathered Crust Elution-Deposited Rare Earth Ore De-
velopment Leads to Ecological Damage. +e pool immersion
process will cut or burn the above layer of the vegetation,
that is, stripping the topsoil layer. After mining the ionized
rare earth ore, a large area of vegetation and land is
destroyed. Relevant data show that the early use of the pool
immersion process production 1 t weathered crust elution-

deposited rare earth concentrate needs to peel off 300m2 of
the topsoil layer, damage 160 to 200m2 of the surface
vegetation, resulting in soil erosion of about 1200m3 per
year and soil desertification area of about 1mu [23]. Veg-
etation destruction can also lead to a sharp decline in the
number of local wildlife, affecting biodiversity and the
ecosystem balance around the mine.

+e destruction of the topsoil layer by the pool im-
mersion and heap immersion process will lead to the loss of
soil organic matter, nitrogen, phosphorus, and other nu-
trients in the location of rare earth mining destroying the
microbial balance in the land ecosystem. And the physical
and chemical properties of soil pH, porosity, particle density,
and so on have also been destroyed. Its texture has become
loose and poor water holding capacity.

4.3. Negative External Derivative Effects of Weathered Crust
Elution-Deposited Rare Earth Development. +e ammonia
nitrogenwastewatermentioned above destroyed the freshwater
resources and water quality structure of weathered crust elu-
tion-deposited rare earth ore seriously affects the irrigation
water for agricultural production around the mine and also
poses a threat to drinking water for the sake of water safety, all
of which can only be purchased from other places [24]. +e
separation process of weathered crust elution-deposited rare
earth ore discharges toxic and harmful gases, causes long-term
exposure to the air, and easy to cause respiratory tract, lung,
and skin diseases of the surrounding residents. Besides, the
pollution of rare earth elements in soil, water, and crops around
the mining area is very serious. +ose tailings contain a lot of
heavy metal elements such as As, Cd, and Pb. And through the
food chain, the health of mining workers and surrounding
residents were threatened in the bones, blood, and hair ac-
cumulation, which resulted in decreased immunity, induced
osteoporosis, and brain toxic effects, especially stunted chil-
dren, increasing the burden of medical consumption of the
surrounding residents of themining area [25]. In the process of
protecting the ecological balance of weathered crust elution-
deposited rare earth mining areas, some development op-
portunities of other industries have also been lost, resulting in
certain losses.

5. Weathered Crust Elution-Deposited Rare
Earth Ore Development Negative Externality
QuantitativeEvaluationSystemConstruction

According to the previous analysis, weathered crust elution-
deposited rare earth ore development negative externality is of
the following three main aspects, namely, industrial “three-

Table 2: Comparison of quantitative evaluation methods of the negative externality.

Evaluation methods +eoretical basis Data volume Complexity Applicability
Market value method +eory of supply and demand Medium Simple Strong
Shadow engineering method Ecological service theory Small Simple Strong
Human cost method Wage theory Medium Complex Weak
Opportunity cost method Utility value Small Simple Strong
Contingent valuation method Consumer preference theory Big General Medium

Table 3: +e amount of pollution caused by weathered crust
elution-deposited rare earth ore from the production units [16].

Pollutants produced Unit Amount of pollution
Amount of industrial wastewater m3/t 750.00
Chemical oxygen demand g/t 98,250.00
Ammonia nitrogen g/t 913.00
Industrial solid waste t/t 0.913
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waste” pollution, ecosystem destruction, and negative external
derivative impact. +erefore, in the negative externality
quantitative evaluation, the characteristics of a variety of
evaluation angles were combined and then the negative ex-
ternality of the marketization and diversification trend was
considered. It should include “three-waste” pollution control
costs, ecosystem restoration costs, and derivative costs, as
shown in Table 4. In the selection of negative externalities
quantitative evaluation method, the main reference is to its
theoretical basis, the requirements of data volume, the com-
plexity of calculation, and the degree of applicability. Based on a
comprehensive evaluation index and evaluation method,
weathered crust elution-deposited rare earth ore development
external quantitative evaluation system was built.

5.1. Industrial “=ree-Waste” Pollution Control Costs

5.1.1. Wastewater Treatment Costs. With reference to the
level of wastewater treatment of weathered crust elution-
deposition rare earth resources, according to the market
value method, it is estimated that

X1 � 
m

i�1
Oi × Ci(  × T1. (6)

Related parameters: in the previous formula, X1 is the
cost of wastewater treatment for weathered crust elution-
deposited rare earth ore; Oi is the unit time discharge of the
ith kind of wastewater; Ci is the treatment cost of the i-th
kind of wastewater; T1 is the mine operation time; m is the
types of wastewater discharged from mines.

5.1.2. Waste Gas Treatment Costs. Referring to the “Rare
Earth Industrial Pollutant Emissions Standard” and the level
of waste gas treatment of weathered crust elution-deposited
rare earth resources, the estimate is made according to the
market value method:

X2 � 
n

j�1
Oj × Cj  × T2. (7)

Related parameters: in the previous formula, X2 is the
cost of exhaust gas treatment for weathered crust elution-
deposited rare earth ore; Oj is the unit time discharge of the
jth kind of exhaust gas; Cj is the treatment cost of the jth
kind of exhaust gas; T2 is the mine operation time; n is the
types of exhaust gas discharged from mines.

5.1.3. Waste Residue Treatment Costs. +e cost of waste
residue treatment in weathered crust elution-deposited rare
earth mine can be divided into radioactive waste residue
treatment cost a and nonradioactive waste residue treatment
cost b.With reference towaste residue storage establishment and
the deposit price, according to the market value method for
estimation,

X3 � Oa × Ca + Ob × Cb(  × T3. (8)

Related parameters description: in the previous formula,
X3 is the cost of waste residue treatment for weathered crust
elution-deposited rare earth ore; Oa is the unit time discharge
of radioactive waste residue; Ob is the unit time discharge of
nonradioactive waste residue; Ca is the treatment cost of
radioactive waste residue; Cb is the treatment cost of non-
radioactive waste residue; and T3 is the mine operation time.

5.2. Cost of Ecological Restoration

5.2.1. Vegetation Restoration Costs. Vegetation restoration
mainly consists of several steps, such as planting and fer-
tilization and routine maintenance. +e planting cost of
vegetation includes seedlings, water, and labor cost. Fertil-
ization cost includes fertilizer and labor costs. Maintenance
costs include labor andmachinery costs, which are estimated
according to the shadow engineering method:

Y1 � 
m

k�1
Sk × Ck1 + Ck2 + Ck3(  . (9)

Description of relevant parameters: in the previous
formula, Y1 is the cost of vegetation restoration for
weathered crust elution-deposited rare earth ore; Sk is the
area of kth kind of vegetation; Ck1 is the cost of kth kind of
vegetation planting; Ck2 is the fertilization cost of kth kind of
vegetation; Ck3 is the daily maintenance cost of kth kind of
vegetation; and m is the number of vegetation types.

5.2.2. Land Restoration Costs. +e main quantitative con-
sideration of land restoration costs is the cost of filling or leveling
the damaged land and the cost of restoring the soil ecosystem.
Estimated according to the shadow engineering method,

Y2 � S × C + 
n

l�1
Pl × Ql

⎛⎝ ⎞⎠ × δ. (10)

Related parameters: in the previous formula, Y2 is the cost
of land restoration for weathered crust elution-deposited rare
earth ore; S is the area for damaged land; C is the cost of filling
or leveling for land;Pl is the repair agent price for the l-th kind
of soil; Ql is the amount of the l-th kind of soil repair agent; δ
is the correction coefficient, affected by the economic de-
velopment of weathered crust elution-deposited rare earth
resources and land restoration type, and so forth.+e value of
the correction coefficient is from 0.8 to 1.2.

5.3. Negative External Derivative Governance Costs

5.3.1. Residents’ Health Recovery Costs. +e cost of loss of
residents’ health mainly includes the loss of labor value and
medical expenses, which are estimated according to the labor
cost method:

Z1 � P 
m

r�1
Tr Lr − Lr′(  + 

m

r�1
Yr Lr − Lr′( ⎡⎣ ⎤⎦ × M. (11)

Related parameters: in the previous formula, Z1 is the
cost of health loss for residents of weathered crust elution-
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deposited rare earth ore; P is the price of human capital; Tr is
the lost time for the r-th kind of disease; Yr is the cost of
medical care for the r-th kind of disease; M is the number of
residents; Lr is the incidence rate for the r-th kind of disease
in the contaminated areas; and Lr′ is the incidence rate for
the r-th kind of disease in the uncontaminated areas.

5.3.2. Production and Living Water Costs. With reference to
the water consumption and unit price of production and life
and with the help of the market value method for estimating,

Z2 � C1 × Q1 + C2 × Q2. (12)

Related parameters description: in the previous formula,
Z2 is the production and living water costs for the weathered
crust elution-deposited rare earth ore; C1 is the price of
production water; Q1 is the quantity of production water;
and Q2 is the quantity of living water.

5.3.3. Opportunity Costs. With the marginal opportunity
cost method, the opportunity cost of other industries af-
fected by negative externalities is estimated:

Z3 � max P1, P2, P3, . . . , Pi . (13)

Related parameters: in the previous formula, Z3 is the
marginal cost of negative externality management for
weathered crust elution-deposited rare earth ore and Pi is
the marginal revenue for the development of the i-th kind of
industry.

6. Weathered Crust Elution-Deposited Rare
Earth Ore Development Negative Externality
Quantitative Evaluation Empirical Research

In the producing area of weathered crust elution-deposited
rare earth ore, Ganzhou City, Jiangxi Province, the existing
waste rare earth has 408. A total area is about 93.88 km2,
which is mainly distributed in Xinfeng, Longnan, XunWu,
and Anyuan counties. +e top list is Xinfeng, which has 64
waste rare earth ores and the annual production of REO
once reached a peak of 4000 t. Its rare earth ore is mainly
distributed in Xintian, Anxi, and Hushan. Xinfeng County
Longshe Rare Earth Mine Area is located in Jiading Town,
which is 8 km to the east of the county town and the mining
area is about 200 hm2. Its rare earth minerals formation is by
granite weathering and the main chemical composition is

KAlSi3O8, NaR3Al6[Si6O18][BO3]3(OH, F)4, Al2Si2O5
(OH)4, SiO2, KAl2[AlSi3O10](OH)2, etc., which is rich in
bastnaesite and belongs to the typical Eu rich and medium
yttrium rare earth ore [26]. Since the 1980s, Longshe rare
earth ore has more than 500 spots in its heyday with an
annual REO production of about 2000 t. Only in 2000, it
gradually transforms from the barrel leaching process and
pool leaching process to in situ leaching process. Nearly 50
years of rare earth mining, it has resulted in the tail sand
covering an area of about 13 km2 and the rising of Longshe
river bed by about 2m, eradication and destruction of
vegetation, deposition of manymines, the erosion of soil, the
destruction of fertile farmland, and the blocking of rivers. All
these are showing the declining scene with the naked grass
and many ravines. Various heavy metal ions also pollute the
water resources of the mining area, which has a great impact
on the lives of the surrounding villagers. Due to the low
degree of attention, unclear responsibility, lack of funds, and
other reasons, some mines even exist in the unknown lo-
cation and its area is inaccurate. +e negative external
governance process is slow. +e data in this article are
mainly derived from the Yearbook of the Chinese Rare Earth
Society (2018), the Standard Management Measures for +e
Collection of Sewage Charges (2017), Investigation and
Research on Longshe Rare Earth Mining Area in Xinfeng
County, Survey Report on the Environmental of Abandoned
Mines in Xinfeng County (2018), the Quota for LivingWater
in Jiangxi Province (2017), the 2015–2018 National Eco-
nomic and Social Development Statistics Bulletin of Xinfeng
County, etc.

6.1. “=ree-Waste”PollutionControlCosts in theLongsheRare
Earth Mining Area of Xinfeng County

6.1.1. Wastewater Treatment Costs. +e wastewater dis-
charged from the Longshe rare earth mining area in Xinfeng
County is mainly NH4Cl wastewater and (NH4)2SO4
wastewater, of which the NH+

4 -N concentration is above
1000mg/L. It can be seen from Table 3 that the emissions per
1 t of rare earth concentrate are 750 t. +e cost of wastewater
treatment is calculated by alkaline steaming ammonia
treatment ammonium salt. +e treatment of ammonia ni-
trogen wastewater and industrial wastewater includes
equipment procurement and depreciation, chemical agents,
hydropower, and manpower [27]. +e price of the county of
Xinfeng is 0.46 yuan/t, 0.83 yuan/t, 0.51 yuan/t, and 0.44 yuan/

Table 4: +e overhead expenses of the negative externality of exploiting weathered crust elution-deposited rare earth ore.

Negative external treatment costs Evaluation indicators Evaluation methods

Industrial “three-waste”
Pollution treatment costs

Wastewater treatment
Market value methodExhaust gas treatment

Waste residue treatment
Ecosystems
Recovery costs

Vegetation restoration Shadow engineering method
Land restoration Market value method

Derivative costs
Health recovery Labor cost method
Cost of water Market value method
Other losses Opportunity cost method
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t. After the conversion of the unit price is 0.0015 ten thousand
yuan/t, the annual costs of wastewater treatment are

X1 � 750 × 0.0015 × 2000 � 2250(ten thousand yuan), (14)

6.1.2. Exhaust Gas Treatment Costs. +e emissions of sep-
aration and electrolysis process of thick HCl gas from the
weathered elution-deposited rare earth ore are approxi-
mately 6.0 kg/h, which can be absorbed by the shock of
Na2CO3 and NaOH solution. And then, it becomes NaCl
crystal by distilling.+e initial installation cost of exhaust gas
treatment equipment in the Longshe rare earth ore is about
15 ten thousand yuan. HCl gas treatment price of the
Chemical Industry in Ganzhou is 0.0018 ten thousand yuan/
kg.+e designed service life is 25 years. If the use time is 12 h
per day, the total annual use time is 4380 h. +e annual costs
of exhaust gas treatment are

X2 � 6.0 × 0.0018 × 4380 + 15÷ 25

≈ 47.9 (ten thousand yuan).
(15)

6.1.3. Waste Residue Treatment Costs. Based on the radio-
active characteristics of solid waste such as tailings and waste
discharges during the mining and separation of weathered
crust rare earth ore, it can be divided into general waste
residue and radioactive waste residue (total α specific activity
is about 1.23×105 Bq/kg, and total β specific activity is about
9.26×104 Bq/kg) and the corresponding tailings reservoir
needs to be established for treatment. According to the
Standard Management Measures for +e Collection of
Sewage Charges (2017), the treatment cost of the general
waste residue storage is 0.0015 ten thousand yuan/t, while the
radioactive residue storage is relatively higher and requires
“three precautions” (rainproof, antiseepage, and windbreak)
treatment and so forth at a cost of about 0.55 thousand yuan/t.
According to the annual production of REO in the Longshe
rare earth mining area, the emissions of general waste and
radioactive waste residue are 20000 t and 300 t, respectively,
and the annual costs of waste residue treatment are

X3 � 0.0015 × 20000 + 0.55 × 300

� 195 (ten thousand yuan).
(16)

6.2. Cost of Ecological Environment Restoration in Longshe
Rare Earth Mining Area in Xinfeng County

6.2.1. Vegetation Restoration Costs. According to the de-
struction of vegetation from Longshe rare earth mining area,
the average annual vegetation destruction area is 0.65 km2,
while the vegetation restoration method of Longshe rare
earth mining area is mainly planted with umbilical orange.
According to the 2018 data of Ganzhou Municipal Fruit
Industry Bureau, the planting unit price of umbilical orange
seedlings is 12 yuan/plant, planting density is about
160,000 plants/km2. +e umbilical orange seedling saline
planting time is 25a. +e planting cost of the orange

seedlings in the Longshe rare earth mining area can be
calculated as 12×16÷ 25� 7.68 ten thousand yuan/km2.+e
total fertilization cost of umbilical orange planting is 2.4 ten
thousand yuan/km2 and the daily maintenance cost is 1.1 ten
thousand yuan/km2. +e vegetation restoration cost is es-
timated using the shadow engineering method, and the
annual costs of vegetation restoration are

Y1 � 0.65 ×(7.68 + 2.4 + 1.1) ≈ 7.3(ten thousand yuan). (17)

6.2.2. Land Restoration Costs. According to the “Xinfeng
County abandoned mine environmental investigation re-
port,” Longshe rare earth ore area covers an area of about
13 km2. In recent years, to actively manage abandoned rare
earth mines, Xinfeng County plans to build a sand-blocking
water storage project in the foothills of the Longshe ore area,
the mountainside construction antislope ladder belt, the
remaining slope planting slope grass belt, and so forth. Its
land reclamation cost is about 20 yuan/m2. According to the
economic development level of Xinfeng County, the cost of
soil remediation is 2.8 ten thousand yuan/mu for land re-
covery completion time meter 25a. +e annual costs of land
restoration are

Y2 � 13 × 106 ×(0.002 + 2.8 × 0.0015)÷ 25

� 3224(ten thousand yuan).
(18)

6.3. Negative External Derivatives Management Costs in the
Longshe Rare Earth Ore Area of Xinfeng County

6.3.1. Costs of Health Loss to Residents. +e affected pop-
ulation of the Longshe rare earth ore area in Xinfeng County
is about 0.6 ten thousand and the monthly wage of local
migrant workers is about 2500 yuan. +e mining and sep-
aration process of rare earth mine will lead to a significant
increase in the incidence of respiratory diseases and cancer.
Limited to the constraints of data collection, this paper
mainly discusses the health loss caused by respiratory dis-
eases. +ere is no weathered crust elution-deposited rare
earth mining in Shicheng County, which can be as a ref-
erence object. According to the labor health survey, Xinfeng
County and Shicheng County, two counties of respiratory
disease, incidence rate is 18.2‰ and 11.9‰ respectively.+e
medical cost of the disease is 120 yuan/person·d. +e annual
costs of health loss for its residents are

Z1 � (2500 + 120 × 30) ×(18.2‰ − 11.9‰)

× 12 × 0.6 ≈ 276.7(ten thousand yuan).
(19)

6.3.2. Costs of Water Loss in Production and Life.
Affected by weathered crust elution-deposited rare earth ore,
the residential water used by residents of Longshe mining
areas needs to be purchased from other places. According to
the Quota for Living Water in Jiangxi Province (2017), the
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amount of water used by residents is 100 L/(people·d). +e
price is calculated at 1.15 yuan/t and the density of water is
1 g/cm3, which is 0.001 t/L. +e annual costs of water loss for
production and living are

Z2 � 1.15 × 100 × 0.001 × 12 × 30 × 0.6

≈ 24.8(ten thousand yuan).
(20)

6.3.3. Costs of Opportunity. Residents of the Longshe rare
earth mining area of Xinfeng County have lost opportunities
to develop other industries such as cultivation, work, and
tourism due to weathered crust elution-deposited rare earth
mining. According to the actual situation of agricultural
production in Jiading Town, the cultivation of navel orange
has formed economies of scale in the local area; therefore, the
opportunity cost loss of rare earth mining is mainly the
production profit of the navel orange industry. After ripening,
the navel orange fruit tree has an annual profit of 70 yuan/
plant with a planting density of about 160,000 plants/km2 and
the annual costs of opportunity loss of weathered crust
elution-deposited rare earth ore are

Z3 � 13 × 16 × 70 � 14560 (ten thousand yuan). (21)

6.4. Comprehensive Evaluation. Referring to the negative
externality quantitative evaluation system of the develop-
ment of weathered crust elution-deposited rare earth ore and
the previous empirical analysis data, the overall cost of the
negative externality of Longshe rare earth mine development
should be

EC � X1 + X2 + X3 + Y1 + Y2 + Z1 + Z2 + Z3

� 20585.7(ten thousand yuan).
(22)

Xinfeng County Longshe rare earth mining area REO
annual output is 2000 t, which converted negative exter-
nalities quantitative cost of 10.29 ten thousand yuan/t.
Compared with the existing rare earth mine negative ex-
ternality compensation standard of 35 ten thousand yuan/t,
the deviation is large. It is indicated that the national and
local governments’ negative externality management in the
weathered crust elution-deposited rare earth ore should also
overcome difficulties and further increase the investment of
funds. Compared with Ma Guoxia’s 20.3 ten thousand yuan/
t [28] and Laidan’s 3.83 ten thousand yuan/t [29], the
coverage of the quantitative evaluation indicators varies by
some degree and the path to data acquisition varies. Of
course, this study is subject to the collected data. Biodiversity
loss and noise pollution have not been considered. In future
studies, it should be considered more objective and
comprehensive.

+e empirical study of negative externalities quantitative
evaluation of the development of Longshe rare earth mine in
Xinfeng County has certain reference value and significance
for the inspection of the negative externality quantitative
evaluation system and the management of waste rare earth

mines. On this basis, local governments can explore the
principles of adjusting measures to local conditions for
cultivation, planting, water, and factory. +en financing
channels gradually are established by the principle of “who
invests, who benefits,” which encourage the government,
enterprises, and individuals to invest in a variety of ways,
promote the ecological compensation market operation
mode, develop governance mode, and speed up the pace and
process of management of weathered crust elution-depos-
ited rare earth waste ores [30, 31].

7. Conclusion

+e evaluation system of negative externalities of rare earth
in the weathered crust has been constructed, and the results
are mainly obtained from three aspects:

(i) +e negative externalities caused by different pro-
cesses are analyzed and compared by changing the
three-generation leaching processes chart of
weathered crust elution-deposited rare earth.

(ii) +e applicability of various evaluation methods in
various fields of negative externalities of the rare
earth industry has been comprehensively integrated,
and the theoretical research direction of negative
externalities evaluation has been broadened by the
cross-application of multiple disciplines.

(iii) Taking Longshe rare earth mine as a case study,
according to its development characteristics, the
negative external governance is divided into three
parts: industrial “three-waste” pollution, ecological
environment remediation, and derivative gover-
nance. +e governance standards calculated can
provide reference and basis for national and local
governments.

Due to the limitations of the analysis of negative ex-
ternalities of weathered crust elution-deposited rare earth,
such as the pollution of groundwater, the standard of ef-
fective treatment is still worth discussing, and the negative
external evaluation index system is not reasonable. In terms
of data acquisition and applicability, the author’s subjective
choice is also limited, and the calculation method is not
accurate enough. +erefore, the quantitative evaluation
system of the negative externality of weathered crust elution-
deposited rare earth ore should be further explored.
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