
Introduction

The low carbonization process of China’s economy 
and society under the goals of carbon peaking and 

carbon neutrality depends on the efficiency of energy 
utilization and the level of control of major pollutant 
emissions. With the rapid development of Chinese 
economy, industrial parks have gradually become the 
main force promoting China's economic growth and 
a demonstration area for environmental protection  
[1, 2]. Since China's industrial parks are concentrated 
areas of energy consumption, the Chinese government 
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formulated the “Air Quality Standard (GB3095-
1996)” as early as the 1990s. After several revisions, 
the “Air Quality Standard (GB3095-2012)” is now 
implemented. The exhaust emissions generated by 
energy consumption contains a large amount of toxic 
and harmful substances [3]. Although these undesired 
outputs have been scientifically treated through  
the treatment of exhaust emissions, the air quality  
of the industrial park cannot reach the state of an 
ecological area without exhaust emissions due to 
various reasons [4]. In order to strengthen the effective 
treatment of the impact of exhaust emissions of energy 
consumption on the air quality of industrial parks, 
industrial parks have generally implemented quality 
treatment monitoring and assessment systems [5]. In 
the process of air quality treatment in industrial parks, 
due to the complexity of environmental conditions and 
the diversity of influencing factors, the air quality in 
industrial parks has not reached the ideal state [6, 7]. 
During the investigation in the Nanjing HX Industrial 
Park (HX is the trade name), we found that behind 
the ecological environment of the park, there is still 
slight or mild atmospheric environmental pollution. 
What’s more, partial or short-term pollution will 
also be moderate or severe, which poses a significant 
threat to the flora, fauna and related people in the 
park. Many reasons account for this phenomenon. The 
comprehensive analysis found that the main reasons 
are reasonable use of test data, singular selection of 
assessment indicators, qualitative assessment methods, 
simplification of assessment models, static assessment 
process, and other issues. Therefore, under this 
circumstance, it is essential and urgent to study the 
comprehensive assessment models and their applications 
of air quality for environmental pollution treatment of 
exhaust emissions of energy consumption in industrial 
parks.

Air quality assessment studies were first developed 
in western developed countries. In the early 1930s, 
the North Pacific winter air quality conditions were 
analyzed, with a focus on the convergence phenomena 
of the unbalanced weather system and atmospheric 
instability due to rising ground temperatures [7]. In the 
early 1980s, American scholars studied the method and 
application of air quality assessment when American 
industrial waste was placed on the land for waste 
disposal [8]. The research on air quality assessment in 
China began in the mid-1980s; Chinese scholar Lu et al. 
first studied the air quality pollution caused by open-
pit mining in Chinese metal mines and studied methods 
and applications of air quality indicator and hygienic 
indicator analysis [9]. China accelerated economic 
development after the 1990s, air quality problems were 
gradually raised, and the achievements of air quality 
assessment research were becoming more and more 
important [10]. However, most of the early studies on 
air quality assessment in China used international 
theories and methods for references, and there was 
no in-depth research. In the 21st century, air quality 

assessment has gradually become a significant issue of 
global importance [11]. 

For a long time, academic research on air quality 
assessment has focused on assessment model research. 
International scholars have paid more attention to 
technical methods and pollution indicators. The 
technical staff of the Australian Meteorological Agency 
has constructed a photochemical model of air quality 
assessment in the process of studying atmospheric 
environmental quality, which has achieved effective 
assessment results in urban air quality assessment 
[12]. The staff of Kruger Life Science Company in 
Germany adopted the method of pollution index 
detection in the process of assessing the air quality 
of the aircraft cockpit, using chemical and particulate 
matter indicators to assess the air quality of the cockpit 
[13]. Chinese scholars attach importance to qualitative 
assessment methods and mathematical assessment 
methods in air quality assessment research [14, 15]. 
As the international community pays more and more 
attention to air quality issues, the research on air 
quality assessment has gradually shifted to the direction 
of specialization and multi-method comprehensive 
assessment [16]. Korean scholars use various methods 
such as chemical index analysis, pollution index 
analysis, and comparative analysis to study children’s 
health care and indoor air quality assessment of medical 
facilities, and explore the impact of indoor air quality 
on children’s health [17]. Scholars comprehensively 
used a combination of pollution index method, analytic 
hierarchy process, and fuzzy mathematics to study the 
comprehensive assessment of air quality in India, and 
combined environmental data in Indian to conduct an 
application study [18]; Italian scholars used indicator 
analysis, environmental pollution index and IAM and 
other methods to study regional air quality assessment 
issues and constructed a decision-making framework 
for local-scale air quality assessment [19]; German 
scholars use indicator analysis, pollution index and 
logistic regression models to study the air pollution 
caused by German urban traffic. The exploration of the 
results of comprehensive air quality assessment is an 
effective measure for traffic-reduction [20]; American 
scholars use a combination of normative and empirical 
research to explore the relationship between economic 
development and air quality in the process of American 
economic development, especially the impact of 
deforestation, pollution discharge and carbon emissions 
on environmental quality. China’s research on air 
quality started relatively late. China started relatively 
late in air quality, but its development speed is very fast. 
The research ideas and methods are also very different 
from those of developed countries. Domestic research 
on quality control assessment pays attention to the 
impact of energy consumption and pollutant discharge 
on air quality and attaches importance to the selection 
of assessment method [21]. Bo et al. used the method of 
combining normative research and empirical research 
to study the impact of thermal power enterprises’ 
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emissions of energy consumption on regional air 
pollution in Beijing-Tianjin-Hebei region of China [22]; 
Tan et al. used fuzzy matter-element analysis to study 
the air quality assessment in the industrial park area, 
conducted a preliminary exploration for the air quality 
assessment of the general industrial parks in China 
[23]; Yan et al. used the combination of Logit model 
and pollution indicators to study the public preference 
and policy assessment issues of air pollution treatment 
in Xi’an, China, and explored effective methods to 
improve the air quality of large cities in China [6]; 
Song et al. studied the assessment method of the air 
pollution treatment effect of the Chinese government, 
and explored the effective ways for China to build a 
“low-carbon city”[24]; Li et al. studied the impact of 
urban industrial agglomeration on haze pollution and 
conducted regression test using empirical research 
methods [25].

The above literature review shows that air quality 
assessment is an important research subject and 
has formed an international research environment. 
However, there is no effective method in the research 
of this subject so far. In the existing research results, 
experts and scholars have expressed their opinions, 
but there is no evaluation method that has been 
agreed. This subject’s research direction is moving 
towards the complexity of the assessment content 
and the combination of multiple assessment methods. 
Summarizing the existing research results, the 
deficiencies of the research in this topic are mainly 
manifested in the poor rationality of the selection of 
assessment indicators, the insufficient applicability of 
the assessment methods, and the need to improve the 

authenticity of the application data. Therefore, this 
paper chooses to take Nanjing HX Industrial Park as an 
example, fully considers that the study area has obvious 
characteristics of heavy metal air pollution, and learns 
from the latest research results at home and abroad. 
In addition, this paper uses real research data, selects 
to build a spatial niche suitability model to study the 
comprehensive assessment method and its application 
of quality treatment of Nanjing HX Industrial Park 
energy consumption’s pollution treatment to promote 
the rapid development of China’s eco-industrial park 
construction.

Materials and Methods

Study Area and Data Source

Located in Jiangbei new area, Nanjing, Jiangsu 
Province, Nanjing HX Industrial Park is a National 
HX Industrial Park and the second key petrochemical 
base in China after Shanghai and the planned  
area of the park is 100 square kilometers. A total of  
300 billion yuan has been invested in the industrial zone 
of the park, and more than 150 enterprises have been 
completed and put into operation. There is a specific 
agency in industrial park which is responsible for 
regularly testing the air quality and submitting it to 
the relevant government departments. According to the 
requirements of China air quality standard (GB3095-
2012), 15 assessment indicators are selected to assess 
the air quality of Nanjing HX Industrial Park, the 
basic data of the assessment indicators are from the air 

Table 1. Basic Data of Air Quality Indicators of Nanjing HX Industrial Park.

Indicators 2012 2013 2014 2015 2016 2017 2018 2019 2020

SO2 (µg/m3) 30.95 30.35 26.27 22.27 20.54 19.67 19.06 18.89 17.86

NO2 (µg/m3) 61.06 60.54 56.58 50.47 48.32 43.68 41.49 40.68 39.76

CO (µg/m3) 6.17 6.05 5.94 5.72 5.32 4.89 4.18 3.98 3.86

O3 (µg/m3) 162.05 161.45 155.48 148.89 142.56 137.47 120.47 110.27 106.38

PM10 (µg/m3) 71.89 71.36 66.72 60.89 60.38 56.28 51.49 46.28 41.38

PM2.5 (µg/m3) 37.03 36.84 31.46 26.42 21.36 18.68 16.86 16.32 15.86

TSP (µg/m3) 201.27 200.35 185.38 171.28 165.27 156.28 126.27 95.37 82.26

NOX (µg/m3) 62.87 62.37 59.58 58.28 57.32 56.83 53.28 50.32 49.25

Pb (µg/m3) 1.1636 1.1126 1.0831 0.9628 0.8528 0.7429 0.6528 0.5965 0.5532

BaP (µg/m3) 3.1027 3.0261 2.8527 2.5237 2.1827 1.8027 1.6428 1.3427 0.9627

Cd (µg/m3) 0.0185 0.0127 0.0105 0.0091 0.0084 0.0068 0.0059 0.0052 0.0048

Hg (µg/m3) 0.1302 0.1287 0.1262 0.1146 0.0964 0.0852 0.0627 0.0515 0.0495

As (µg/m3) 0.0081 0.0078 0.0068 0.0064 0.0057 0.0046 0.0038 0.0032 0.0022

Cr (µg/m3) 1.68E-4 1.32E-4 1.18E-4 6.26E-5 5.86E-5 5.52E-5 4.88E-5 4.22E-5 2.85E-5

F (µg/m3) 10.96 10.87 10.02 9.75 8.77 8.15 7.85 7.46 7.08
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quality inspection institutions in the industrial park. 
This study adopts the principle of uniform distribution 
of detection points in the park, collects the air quality 
data detected in Nanjing HX Industry Park, analyzes the 
data information of each detection point in the detection 
data, deletes some abnormal detection data, and selects 
the average value of annual detection data as the basic 
data of air quality in that year. According to the actual 
situation of the development of Nanjing HX Industrial 
Park and the statistical results of air quality testing, the 
statistical data of the annual average value of air quality 
assessment indicators of waste gas emission of energy 
consumption in the park from 2012 to 2020 are shown 
in Table 1.

Determination of Air Quality Assessment Standard 
in Industrial Park

In order to use the spatial niche suitability model to 
assess the air quality of industrial parks, the assessment 
criteria for determining the assessment indicators and 
items of the industrial park are based on the “Chinese 
Ambient Air Quality Standards” (GB3095-1982)  
and two revised versions of (GB3095-1996) and 
(GB3095-2012). In early China’s national air quality 
standards, the three-level standard system was used, 
which is different from the current five-level standard.  
In this study, the early air quality standards will be 
refined without changing the standard values. It is  
refined to a five-level standard, making it consistent 
with the current five-level air quality standard 
[26]. This paper refers to national standards and 

the assessment indicator standards for air pollution 
treatment of industrial park exhaust emissions of 
energy consumption based on comprehensive analysis 
are detailed in Table 2.

Using the criteria of the above assessment indicators, 
the spatial niche suitability model and the relative 
weights of the assessment indicators can be used to 
calculate the degree of membership of the assessment 
indicators and the assessment results determined by 
the membership degrees and relative weights of all 
assessment indicators can be finally calculated [27]. 
The value range of the assessment result is within the 
interval [0, 1]. The assessment results and the assessment 
degree standards can be used to determine the air 
quality of the industrial park. Since the assessment 
indicator’s standard is affected by the determination of 
the maximum and minimum values of the parameters in 
the process of standardization and degree of membership 
function calculation of criteria for assessing indicators, 
the final assessment result tends to be narrowed. 
Therefore, when formulating the overall assessment 
standards for air quality treatment in industrial parks, 
appropriate adjustment level standards should be carried 
out. Similarly, the air quality assessment standards of 
industrial parks are divided into five quality degrees 
according to the national “Air Quality Standards”. The 
specific standards are: assessment results [0.90-1.00], 
level I, no pollution; assessment results [0.80-0.90), 
level II, slightly polluted; assessment results [0.60-0.80), 
level III, light pollution; assessment results [0.40-0.60), 
level IV, moderate pollution; assessment results  
[0-0.40), level V, high pollution.

Table 2. Assessment standard of air quality assessment indicators.

Indicators Level I Level II Level III Level IV Level V

SO2 <20 20-60 60-100 100-200 >200

NO2 <40 40-60 60-80 80-100 >100

CO <4 4-6 6-8 8-10 >10

O3 <100 100-160 160-200 200-250 >250

PM10 <40 40-70 70-100 100-150 >150

PM2.5 <15 15-35 35-50 50-65 >65

TSP <80 80-200 200-250 250-300 >300

NOX <50 50-60 60-70 70-80 >80

Pb <0.5 0.5-1 1-5 5-10 >10

BaP <1 1-3 3-5 5-10 >10

Cd <0.005 0.005-0.1 0.1-0.3 0.3-0.5 >0.5

Hg <0.05 0.05-0.1 0.1-0.2 0.2-0.3 >0.3

As <0.006 0.006-0.001 0.001-0.005 0.005-0.01 >0.01

Cr <2.5E-05 2.5E-05-5.0 E-05 5.0 E-05- E-04 E-04-5.0E-04 >5.0E-04

F <7 7-10 10-20 20-30 >30
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The Basic Research ideas of this paper

The enterprises in Nanjing HX Park emit a large 
number of harmful gases in the production process, 
resulting in a certain degree of air pollution. Because 
there are a large number of heavy metals in the harmful 
gases discharged by energy consuming enterprises, it 
is easy to cause the health analysis of exposed people, 
especially the risk of cancer caused by carcinogenic 
heavy metals. According to the actual situation of 
air pollution in Nanjing HX Industrial Park, in order 
to effectively assess the air quality of the industrial 
park, referring to the research experience of experts 
and scholars at all the world, this paper selects the 
spatial niche suitability model. After comprehensive 
consideration and analysis, the specific ideas of research 
method selection and application in this paper are 
shown in Fig. 1.

Construction of spatial niche suitability 
model

According to the theory of ecological economics, 
niche refers to the position of a population in an 
ecosystem in time and space and its functional 
relationship and function with the related population 
[28]. It represents the minimum threshold of habitat 
necessary for the survival of every organism in the 
ecosystem. Niche modeling refers to a mathematical 
model that uses the niche theory and method to 
determine the level of ecological compensation effect 
by calculating the niche suitability of assessment 
indicators [29]. If there are n ecological factors in a 
region, the quantized values of these ecological factors 
are expressed by Xi means, the ecological factors 
matrix can be expressed as: X = {X1, X2,..., Xn}, then 

the ecological factors of m regions can form (n × m)  
dimensional quantized values matrix of ecological 
factors, the matrix is represented by EFM, and the 
specific expression is as follows:

    (1)

In the above formula: i = 1, 2, ..., n; j = 1, 2, ..., 
m. xi(tj) is a subset of n-dimensional ecological factor 
space En at time tj, then f(x1(tj), x2(tj), ..., xn(tj)) is called 
the niche of ecosystem. If the actual value of ecological 
factor is Xt = (x1(tj), x2(tj), ..., xn(tj)), the most suitable 
value is Xα = (x1(α), x2(α), ..., xn(α)), the approach degree 
between the two is the niche suitability of ecological 
factors, expressed in NSt, then: NSt = τ(Xi, Xα), the 
niche suitability model can be determined by using the 
distance formula as follows:

( ) ( ) ( ) ( ) ( ){ }
( ) ( ) ( ){ ( )}

i i j i i j in ni min max
t i 1 i 1

it max i j i i j i

W min x t x max x t xW
NS

x t x max x t x

α λ αδ λδ
δ λδ α λ α= =

   − + −+    = =
+ − + −

∑ ∑
      

(2)

In the formula: ( ) ( )it i j ix t xδ α= − , 
} ( ){{ ( )}αδδ iiit xtx ′−′== maxmax , } ( ){{ ( )}αδδ iiit xtx ′−′== minmin , 

i = 1, 2, ..., m; t = 1, 2, ..., n; λ is the model parameter 
(0≤λ≤1), in the average case λ = 0.5. In order to improve 
the effectiveness of niche suitability model assessment, 
this paper reconstructs the niche model based on the 
traditional niche suitability model, and tries to build a 

Fig. 1. Research idea of this paper.

paper
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comprehensive assessment model of spatial niche 
suitability. Taking the concentration value of the air 
quality assessment indicators as the niche value, Xi(tj) 
represents the concentration value of air quality 
assessment indicator at the ith assessment object, the jth 
assessment indicator. In order to construct the 
comprehensive assessment model of niche suitability, 
the generalized correlation degree in grey theory is 
introduced to calculate the niche of ecological factors. 
Since the data of air quality assessment indicators of 
industrial parks come from government statistics, this 
paper does not adopt the method of Weakening buffer 
processing the assessment indicators. In order to 
facilitate the calculation of niche suitability, the 
assessment indicators need to be normalized processing, 
the data after normalization processing has no 
dimension and its value range is between [0,1]. The 
specific calculation formula is as follows:

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

-1

i j i j i j

-1

i j i j i j

X t X t max X t forward pointer

X t 1-X t max X t contrary indicator

  ′ = ⋅  


  ′ = ⋅               
(3)

If Xi(α) is the most appropriate value in the 
assessment indicators in line i, X 'iα is the most 
appropriate value of the normalized processing 
assessment indicators, then there are:

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

-1

i i i j

-1

i i i j

X X max X t forward pointer

X 1-X max X t contrary indicator

α α

α α

  ′ = ⋅  


  ′ = ⋅                              
(4)

In the actual construction process of the assessment 
model, according to the specific requirements of 
comprehensive assessment, the determination method 
and application of the relative weighted value of the 
absolute and relative niche suitability model can be 
studied. In order to build a comprehensive assessment 
model of spatial niche suitability, firstly, an absolute 
niche suitability measurement model is constructed. 
First, according to the dimensionless processing results, 
use the following formula to calculate the absolute zero 
conversion:

( ) ( ) ( ) ( )( ) ( ) ( )
( ) ( ) ( ) ( )( ) ( ) ( )

it 1t 2t mt i j 1 j

i 1 2 m i j 1

X 0 x 0 x 0 x 0 x t x t

X 0 x 0 x 0 x 0 x t x 0α α α α

 ′ ′ ′ ′ ′ ′= = −


′ ′ ′ ′ ′ ′= = −

，，，

，，，

L

L
(5)

Then, according to the results of absolute zero 
conversion and referring to the niche suitability model, 
the absolute niche suitability model is constructed.  
The model is as follows:

t
t

t t

1 S S
ANS

1 S S S S
α

α
α α

+ +
=

+ + + −        (6) 

In the formula:

,  

,

. 
On this basis, the relative niche suitability model is 
constructed by using the same method above. First, the 
relative zero conversion and the calculation formula is 
as follows:

( ) ( ) ( ) ( )( ) ( ) ( )
( ) ( ) ( ) ( )( ) ( ) ( )

1

it 1t 2t nt i j 1 j

1

i 1 2 n i 1 j

X 0 x 0 x 0 x 0 x t x t

X 0 x 0 x 0 x 0 x x tα α α α α

−

−

  ′′ ′′ ′′ ′′ ′′ ′′= = ×  


  ′′ ′′ ′′ ′′ ′′ ′′= = ×  

，，，

，，，

L

L
                              

(7)

Then, the relative niche suitability assessment 
model is constructed by using the above relative zero 
conversion: calculation results, the specific assessment 
model of relative niche suitability is as follows:

t
t

t t

1 S S
RNS

1 S S S S
α

α
α α

′′ ′′+ +
=

′′ ′′ ′′ ′′+ + + −         (8)

In the formula: 

, ,

.
The comprehensive assessment model of spatial niche 
suitability is the weighted average value of absolute 
niche suitability model and relative niche suitability 
model, if W is a relative weight, the specific expression 
is as follows:

    (9) 

In the formula: W (0≤W≤1) is the weighting 
coefficient. When considering the equal 
importance of absolute niche suitability and 
relative niche suitability, according to the principle 
of neutrality, the value of W is taken as 0.5. 
When the value of is less than 0.5 and tends to 0,  
the spatial niche suitability value tends to the relative 
niche suitability value. When the value of W is greater 
than 0.5 and tends to 1, the spatial niche suitability 
value tends to the absolute niche suitability value [30].

Results and Discussions

The Assessment Results of spatial Niche 
Suitability Model

According to the above assessment principle of the 
spatial niche suitability model, the formula (4) and (5)
are used to perform the dimensionless calculation 
for the assessment indicator value in Table 1. In this 

, ..., 

, ..., 

, ..., 

, ..., 
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paper, dimensionless calculation adopts the method 
of normalization processing. The maximum value is 
2 times of the lower boundary value of level V in the 
assessment indicators standard (Han et al., 2021), the 
specific calculation results are shown in Table 3.

In order to effectively assess the air quality of the 
industrial park, it is necessary to use formula (5) to 
conduct absolute zero conversion on the normalized 
assessment indicators, so as to prepare for the 
assessment using the absolute niche suitability model. 
The specific relative zero conversion results are shown 
in Table 4.

Then use formula (7) to conduct relative zero 
conversion on the normalized assessment indicators, so 
as to prepare for the assessment using the absolute niche 
suitability model. The specific relative zero conversion 
results are shown in Table 5.

According to the above calculation results, formulas 
(6), (8) and (9) can be used to calculate the absolute 
niche suitability, relative niche suitability and spatial 
niche suitability of the assessment object respectively. 
The specific calculation results are shown in Table 6.

According to the above assessment results, in the 
nine years from 2012 to 2020, the air quality assessment 
results of Nanjing HX Industry Park increased from 
0.7919 to 0.9125, and the corresponding air quality level 
increased from level III to level I. 

Discussion on the difference of Niche Suitability 
Model Assessment Results

According to the above assessment results, there 
is a great difference between the assessment results 

of absolute niche suitability model and relative niche 
suitability model in the comprehensive assessment 
results of air quality of energy consumption and 
waste gas emission of Nanjing HX Industry Park. The 
assessment results of spatial niche suitability model 
are in between and have the characteristics of relative 
stability. According to the assessment results of the 
spatial niche suitability assessment model, the degree of 
environmental pollution caused by energy consumption 
and pollution discharge in Nanjing HX Industry Park 
has increased from level 3 in 2012 to level 1 in 2020, 
but it is still at the lower boundary of level 1. In order 
to reflect the differences between the assessment results 
of the above three niche suitability models, we use  
a cone chart to draw the composition and trend of  
the assessment results of the three models, the detailed 
results are shown in Fig. 2.

Discussion on the Main Factors Affecting 
the Assessment Results

The overall impact of the assessment indicators 
on the assessment objects can be shown by analyzing 
these indicators. From 2012 to 2020, the values and 
trends of the air quality assessment indicators for the 
environmental pollution treatment of exhaust emissions 
of energy consumption in Nanjing HX Industrial Park 
are shown in Fig. 3.

From Fig. 3, the concentrations of NO2, O3, TSP, 
PM10, PM2.5 in the Nanjing HX Industrial Park are 
relatively high, and the impact of these indicators on the 
air quality depends on the magnitude of the impact.

Table 3. Normalized results of air quality assessment indicators in industrial parks.

Indicators 2012 2013 2014 2015 2016 2017 2018 2019 2020

SO2 (µg/m3) 0.9226 0.9241 0.9343 0.9443 0.9487 0.9508 0.9524 0.9528 0.9554

NO2 (µg/m3) 0.6947 0.6973 0.7171 0.7477 0.7584 0.7816 0.7926 0.7966 0.8012

CO (µg/m3) 0.6915 0.6975 0.7030 0.7140 0.7340 0.7555 0.7910 0.8010 0.8070

O3 (µg/m3) 0.6759 0.6771 0.6890 0.7022 0.7149 0.7251 0.7591 0.7795 0.7872

PM10 (µg/m3) 0.7604 0.7621 0.7776 0.7970 0.7987 0.8124 0.8284 0.8457 0.8621

PM2.5 (µg/m3) 0.7152 0.7166 0.7580 0.7968 0.8357 0.8563 0.8703 0.8745 0.8780

TSP (µg/m3) 0.6646 0.6661 0.6910 0.7145 0.7246 0.7395 0.7896 0.8411 0.8629

NOX (µg/m3) 0.6071 0.6102 0.6276 0.6358 0.6418 0.6448 0.6670 0.6855 0.6922

Pb (µg/m3) 0.9418 0.9444 0.9458 0.9519 0.9574 0.9629 0.9674 0.9702 0.9723

BaP (µg/m3) 0.8449 0.8487 0.8574 0.8738 0.8909 0.9099 0.9179 0.9329 0.9519

Cd (µg/m3) 0.9815 0.9873 0.9895 0.9909 0.9916 0.9932 0.9941 0.9948 0.9952

Hg (µg/m3) 0.7830 0.7855 0.7897 0.8090 0.8393 0.8580 0.8955 0.9142 0.9175

As (µg/m3) 0.5950 0.6100 0.6600 0.6800 0.7150 0.7700 0.8100 0.8400 0.8900

Cr (µg/m3) 0.8320 0.8680 0.8820 0.9374 0.9414 0.9448 0.9512 0.9578 0.9715

F (µg/m3) 0.8173 0.8188 0.8330 0.8375 0.8538 0.8642 0.8692 0.8757 0.8820
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Indicators 2012 2013 2014 2015 2016 2017 2018 2019 2020

SO2 (µg/m3) 0 0 0 0 0 0 0 0 0

NO2 (µg/m3) -0.2279 -0.2268 -0.2172 -0.1966 -0.1903 -0.1692 -0.1598 -0.1562 -0.1542 

CO (µg/m3) -0.2311 -0.2266 -0.2313 -0.2303 -0.2147 -0.1953 -0.1614 -0.1518 -0.1484 

O3 (µg/m3) -0.2467 -0.2470 -0.2453 -0.2421 -0.2338 -0.2257 -0.1933 -0.1733 -0.1682 

PM10 (µg/m3) -0.1622 -0.1620 -0.1567 -0.1473 -0.1500 -0.1384 -0.1240 -0.1071 -0.0933 

PM2.5 (µg/m3) -0.2074 -0.2075 -0.1763 -0.1475 -0.1130 -0.0945 -0.0821 -0.0783 -0.0774 

TSP (µg/m3) -0.2580 -0.2580 -0.2433 -0.2298 -0.2241 -0.2113 -0.1628 -0.1117 -0.0925 

NOX (µg/m3) -0.3155 -0.3139 -0.3067 -0.3085 -0.3069 -0.3060 -0.2854 -0.2673 -0.2632 

Pb (µg/m3) 0.0192 0.0203 0.0115 0.0076 0.0087 0.0121 0.0150 0.0174 0.0169 

BaP (µg/m3) -0.0777 -0.0754 -0.0769 -0.0705 -0.0578 -0.0409 -0.0345 -0.0199 -0.0035 

Cd (µg/m3) 0.0589 0.0632 0.0552 0.0466 0.0429 0.0424 0.0417 0.0420 0.0398 

Hg (µg/m3) -0.1396 -0.1386 -0.1446 -0.1353 -0.1094 -0.0928 -0.0569 -0.0386 -0.0379 

As (µg/m3) -0.3276 -0.3141 -0.2743 -0.2643 -0.2337 -0.1808 -0.1424 -0.1128 -0.0654 

Cr (µg/m3) -0.0906 -0.0561 -0.0523 -0.0069 -0.0073 -0.0060 -0.0012 0.0050 0.0161 

F (µg/m3) -0.1053 -0.1053 -0.1013 -0.1068 -0.0949 -0.0866 -0.0832 -0.0771 -0.0734 

Table 5. Absolute zero conversion result of air quality assessment indicators standard in Industrial Park.

Table 4. Absolute zero conversion result of air quality assessment indicators standard in Industrial Park.

Indicators 2012 2013 2014 2015 2016 2017 2018 2019 2020

SO2 (µg/m3) 0 0 0 0 0 0 0 0 0

NO2 (µg/m3) -0.2279 -0.2268 -0.2172 -0.1966 -0.1903 -0.1692 -0.1598 -0.1562 -0.1542 

CO (µg/m3) -0.2311 -0.2266 -0.2313 -0.2303 -0.2147 -0.1953 -0.1614 -0.1518 -0.1484 

O3 (µg/m3) -0.2467 -0.2470 -0.2453 -0.2421 -0.2338 -0.2257 -0.1933 -0.1733 -0.1682 

PM10 (µg/m3) -0.1622 -0.1620 -0.1567 -0.1473 -0.1500 -0.1384 -0.1240 -0.1071 -0.0933 

PM2.5 (µg/m3) -0.2074 -0.2075 -0.1763 -0.1475 -0.1130 -0.0945 -0.0821 -0.0783 -0.0774 

TSP (µg/m3) -0.2580 -0.2580 -0.2433 -0.2298 -0.2241 -0.2113 -0.1628 -0.1117 -0.0925 

NOX (µg/m3) -0.3155 -0.3139 -0.3067 -0.3085 -0.3069 -0.3060 -0.2854 -0.2673 -0.2632 

Pb (µg/m3) 0.0192 0.0203 0.0115 0.0076 0.0087 0.0121 0.0150 0.0174 0.0169 

BaP (µg/m3) -0.0777 -0.0754 -0.0769 -0.0705 -0.0578 -0.0409 -0.0345 -0.0199 -0.0035 

Cd (µg/m3) 0.0589 0.0632 0.0552 0.0466 0.0429 0.0424 0.0417 0.0420 0.0398 

Hg (µg/m3) -0.1396 -0.1386 -0.1446 -0.1353 -0.1094 -0.0928 -0.0569 -0.0386 -0.0379 

As (µg/m3) -0.3276 -0.3141 -0.2743 -0.2643 -0.2337 -0.1808 -0.1424 -0.1128 -0.0654 

Cr (µg/m3) -0.0906 -0.0561 -0.0523 -0.0069 -0.0073 -0.0060 -0.0012 0.0050 0.0161 

F (µg/m3) -0.1053 -0.1053 -0.1013 -0.1068 -0.0949 -0.0866 -0.0832 -0.0771 -0.0734 
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Fig. 2. Composition and change trend of assessment results of three niche suitability models.

Fig. 3. Composition and trend of influencing factors of air quality in Nanjing HX Industry Park.

Table 6. Assessment results of niche suitability models in Nanjing HX Industry Park.

indicators 2012 2013 2014 2015 2016 2017 2018 2019 2020

0.8047 0.8025 0.8314 0.8553 0.8746 0.8903 0.9086 0.9262 0.9345

Level II II II II II II I I I

0.7791 0.7711 0.7982 0.8149 0.8306 0.8523 0.8898 0.8918 0.9015

Level III III III II II II II II I

0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50

0.7919 0.7868 0.8148 0.8351 0.8526 0.8713 0.8957 0.9035 0.9125

Level III III II II II II II I I
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Conclusions

Under the carbon peaking and carbon neutrality 
goals, urban industrial parks have gradually become 
the main force and environmental protection 
demonstration area to promote the green development 
of China’s economy. Air quality assessment of heavy 
energy consumption Industrial Park has become a 
very important research topic. In order to explore an 
effective method to solve this research topic, based on 
the research background analysis and literature review, 
15 air quality standards identified in China’s “Air 
Quality Standards” (GB3095-2012) were selected. The 
spatial niche suitability model was constructed, taking 
the air quality assessment of Nanjing HX Industry Park 
as an example. The study found that the air quality 
degree of environmental pollution treatment of exhaust 
emissions of energy consumption in industrial parks 
showed an upward trend. The assessment result of the 
absolute niche suitability assessment model is that the 
air quality of the target industrial park increase from 
level II in 2012 to level I in 2020. 

In addition, the study finds that the assessment 
method has a significant impact on the assessment 
results and the study should attach great importance 
to the selection and construction of the assessment 
model, and continuously improve the assessment 
model according to the requirements of the air quality 
assessment of the industrial park to promote the 
continuous improvement of the effectiveness of the 
comprehensive assessment results of air quality for the 
environmental pollution treatment of exhaust emissions 
of energy consumption in industrial parks. 

The air weight comprehensive assessment of 
environmental pollution treatment in high energy 
consumption Industrial Park is an important subject 
that needs long-term research. There are many factors 
affecting the improvement of energy consumption and 
air quality in industrial parks, such as the improvement 
of environmental regulations, the support of green 
financial policies, the promotion and utilization of clean 
energy, the dynamic adjustment of air quality standards 
for energy consumption and the innovation of energy 
efficiency improvement technologies. Taking Nanjing 
HX Industry Park in China as an example, this paper 
selects three niche suitability model methods to conduct 
a preliminary study on this subject and has achieved 
effective results. This study aims to start a discussion 
to promote in-depth research on this topic in academia 
for achieving the sustainable development of China’s 
industrial parks.
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