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Abstract

It is of great practical significance to fully understand the situation of excessive
industrial air pollution in China to improve the level of environmental management and
reduce pollution emissions. This study focused on Hunan Province in China, a region
surrounded by mountains on three sides. Accurate eco-environmental data on pollution
is crucial for this unique topographic feature. Based on the eco-environment statistics
from 2020 to 2022, this study analysed the waste gas pollutants in Hunan Province. The
results showed that compared with 2020 and 2021, the emissions of SO2, NO, PM, and
VOC from industrial sources continued to decrease in 2022, indicating that the emission
reduction work had achieved remarkable results. The top cities of SO2, NO, PM, and VOC
emissions were mainly located in Loudi. The industries with the largest emission and
average reduction rate of SO2, NO, PM, and VOC were identified. Therefore, the relevant
countermeasures and suggestions were put forward.
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1. INTRODUCTION

How to meet people’s desire for a healthier and happier life has always been the goal that
politicians, scholars and the public need to work together [1]. The statistical work of eco-
environment is an important basis to support the decision-making of ecological environment
management and the basic work of eco-environment protection [2]. In recent years, with rapid
economic development and population growth, human beings have faced the challenges of
ecological pollution and resource depletion [3-5]. Therefore, it is of strategic significance for
regional sustainable development to understand the production, emission and treatment of
major pollutants and to establish and improve the archives of key pollution sources [6-7].

Hunan Province consists of 14 cities located in the middle and lower reaches of the Yangtze
River, with a subtropical monsoon climate [8]. Hunan is surrounded by mountains on three
sides, Nanling Mountain to the south, Wuling Mountain to the west and Luoxiao Mountain to
the east. In addition, Hunan is an important grain-producing region [9]. Among the various
pollution sources, the emission of industrial enterprises is the main source of air pollution [10].
The survey of industrial pollution sources is helpful to grasp the change of pollutants and
provide data support for pollution control [11]. Hunan Province has implemented the strategic
goal of a strong ecological province and taken multiple measures to promote green and low-
carbon development. Therefore, figuring out the pollution situation of industrial sources in the
region is of great significance for promoting high-quality development.

2. MATERIALS AND METHODS
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2.1.Data filtering principles

Through research on the basic data of various pollution sources in Hunan Province, statistics
of various pollution sources and pollution factors were conducted according to key industries
such as thermal power, iron and steel, petroleum refining, non-ferrous metals, cement, paper
and other industries. And the changing trend of the quantity and emission amount of various
pollution sources and pollutants were analyzed. To reveal its relationship with the industry
development trend and quality in Hunan Province's national economy.

2.2.Data analysis methods

The comparison method, graphical method (line chart, histogram, curve chart, etc.),
regression analysis, normal distribution and other relevant analysis methods were used.

3. RESULTS AND DISCUSSION

3.1.3.1 General Information about Statistical objects

The emission of major pollutants from key industrial enterprises in Hunan Province from
2020 to 2022 was shown in Table 1. All pollution sources showed a downward trend in 2020-
2022.

Table 1. Emission situation of major pollutants (waste gas) from key industrial enterprises in
Hunan Province from 2020 to 2022

Industrial source

Index Unit (ton)
2020 2021 2022
Sulfur dioxide 64288 50480 38076
Nitric oxide 106066 94086 79098
Particulate 117285 62276 49495
matter
Volatile organic 48040 31815 30308
compound
Arsenic and its 4795 2393 2310
compounds
Lead and its 43098 33947 15090
compounds
Cadmium and its 10-3 3878 1731 1929
compounds
Mercury and its 10-3 5756 5228 3723
compounds
Chromium and 10-3 3170 1763 2890

its compounds

3.2. Comprehensive analysis of major pollutants in waste gas
3.2.1 Comprehensive analysis of pollutants by region
3.2.1.1 Production and emission of various pollutants in industrial waste gas in 2022

In 2022, Xiangtan produced the largest number of Sulfur dioxide (SO2) in industrial waste
gas (269685.73 tons) and Loudi emitted the largest number of SO2 (9521.21 tons). Zhangjiajie
produced and emitted the smallest number of SO2 (493.48, 191.50 tons). The reduction rate of
SO2 in industrial waste gas was 96.56% in Hunan, of which Xiangtan had the largest reduction
rate (98.01%), and Zhangjiajie had the smallest reduction rate (55.72%).
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Loudi produced and emitted the largest number of nitric oxide (NO) in industrial waste gas
(51803.52, 17506.53 tons). Zhangjiajie produced and emitted the smallest number of NO
(1615.71, 631.98 tons). The reduction rate of NO in industrial waste gas was 72.90% in Hunan,
of which Changde had the largest reduction rate (82.45%), and Huaihua had the smallest
reduction rate (38.58%).

Loudi produced and emitted the largest number of particulate matter (PM) in industrial
waste gas (2753459.88, 10674.63 tons). Zhangjiajie produced and emitted the smallest number
of PM (198959.20, 1008.11 tons). The reduction rate of PM was 99.74% in Hunan, of which
Yueyang had the largest reduction rate (99.91%), and Huaihua had the smallest reduction rate
(99.12%).

Loudi produced the largest number of volatile organic compound (VOC) in industrial waste
gas (12393.37 tons), and Yueyang emitted the largest number of VOC in industrial waste gas
(5315.13 tons). Zhangjiajie produced and emitted the smallest number of VOC (60.44, 55.21
tons). The reduction rate of VOC was 45.70% in Hunan, of which Loudi had the largest reduction
rate (59.77%), and Zhangjiajie had the smallest reduction rate (8.65%).

Hengyang produced the largest number of heavy metals (HM, including arsenic, lead,
cadmium, mercury, chromium and their compounds) in industrial waste gas (778229.74 kg),
and Chenzhou emitted the largest number of HM (10612.72 kg). Zhangjiajie produced and
emitted the smallest number of HM (114.87, 64.25 kg). The reduction rate of HM was 98.53%
in Hunan, of which Hengyang had the largest reduction rate (99.48%), and Zhangjiajie had the
smallest reduction rate (44.07%).

3.2.1.2 Spatio-temporal distribution of pollutants from 2020 to 2022

Fig. 1. shows reduction rate of pollutants in industrial waste gas in 2022. Compared with
2020, the SO2 emissions in waste gas of all cities in Hunan decreased significantly for Huaihua,
Hengyang, and Zhangjiajie, which decreased by 76.30%, 71.42%, 62.12% in 2022 respectively.
The NO emissions in waste gas of all cities decreased significantly for Changsha, Changde, and
Xiangxi Autonomous Prefecture, which decreased by 52.96%, 50.30%, and 43.11% in 2022
respectively. The PM emissions in waste gas of all cities decreased significantly for Changde,
Chenzhou and Yueyang, which decreased by 79.83%, 79.11%, 71.34% in 2022 respectively. The
VOC emissions in waste gas of all cities decreased by significantly for Changsha, Shaoyang and
Chenzhou, which decreased by 78.77%, 50.36%, 40.17% in 2022 respectively. The HM
emissions in waste gas of all cities decreased by significantly for Yueyang, Hengyang, and
Huaihua, which decreased by 93.84%, 82.21%, 80.91% in 2022 respectively.

From 2020 to 2022, the cities with the largest average reduction rate of SO2 were Yueyang,
Yiyang, and Changsha, which were 97.79%, 97.66%, and 97.14%, respectively. The cities with
the largest average reduction rate of NO were Yueyang, Zhuzhou, and Chenzhou, which were
79.95%. 75.79%-. 74.85%, respectively. The cities with the largest average reduction rate of
PM were Yongzhou, Yueyang, and Zhuzhou, which were 99.79%, 99.78%, 99.77%, respectively.
The cities with the largest average reduction rate of VOC were Zhuzhou, Yiyang, and Changde,
which were 55.18%, 53.14%, 49.86% respectively. The cities with the largest average reduction
rate of HM were Huaihua, Hengyang, and Chenzhou, which were 98.73%, 98.11%, 97.82%
respectively.
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Fig. 1. Reduction rate of pollutants in industrial waste gas in Hunan Province in 2022
3.2.2 Comprehensive analysis of pollutants by industry
3.2.2.1 Production and emission of various pollutants in industrial waste gas in 2022

In 2022, the industry with the largest number of SO2 production was the Electricity and heat
production and supply industry (No.44, 650585.00 tons), accounting for 58.90% of the
province's total. Followed by the Ferrous metal smelting and rolling processing industry
(No.31), Nonmetal mineral products industry (No.30), Nonferrous metal smelting and rolling
processing industry (No.32), Petroleum, coal and other fuel processing industry (No.25),
accounting for 17.79%, 9.44%, 8.93%, 2.07% of the province’s total. The 5 major industries
accounted for 97.13% of the total SO2 produced by key industries in Hunan. The industry with
the largest number of SO2 emissions was the Nonmetal mineral products industry (No.30,
14290.93 tons), accounting for 38.32% of the province’s total. Followed by the Ferrous metal
smelting and rolling processing industry (No.31), Electricity and heat production and supply
industry (No.44), Nonferrous metal smelting and rolling processing industry (No.32), Raw
chemical materials and chemical products (No.26), accounting for 25.46%, 19.50%, 6.76%, 4.01%
of the total. The 5 major industries accounted for 94.05% of the total SO2 emission by key
industries in Hunan.

In 2022, the industry with the largest number of NO production was the Electricity and heat
production and supply industry (No.44, 124604.5500 tons), accounting for 42.88% of the
province’s total. Followed by the Nonmetal mineral products industry (No.30), Ferrous metal
smelting and rolling processing industry (No.31), Petroleum, coal and other fuel processing
industry (No.25), Nonferrous metal smelting and rolling processing industry (No.32),
accounting for 34.77%, 12.35%, 4.78%, 2.09% of the total. The 5 major industries accounted
for 96.86% of the total NO produced by key industries in Hunan. The industry with the largest
number of NO emissions was the Nonmetal mineral products industry (No.30, 28662.0830
tons), accounting for 36.24% of the province’s total. Followed by the Ferrous metal smelting
and rolling processing industry (No.31), Electricity and heat production and supply industry
(No.44), Raw chemical materials and chemical products (No.26), Petroleum, coal and other fuel
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processing industry (No.25), accounting for 29.85%, 25.15%, 2.37%, 1.99% of the total. The 5
major industries accounted for 95.59% of the total NO emission by key industries in Hunan.

In 2022, the industry with the largest number of PM production was the Electricity and heat
production and supply industry (No.44, 8879050.7280 tons), accounting for 45.84% of the
province’s total. Followed by the Nonmetal mineral products industry (No.30), Petroleum, coal
and other fuel processing industry (No.25), Ferrous metal smelting and rolling processing
industry (No.31), Nonferrous metal smelting and rolling processing industry (No.32),
accounting for 41.57%, 5.87%, 4.10%, 0.64% of the province’s total. The 5 major industries
accounted for 97.96% of the total PM by key industries in Hunan. The industry with the largest
PM emission was the Nonmetal mineral products industry (No.30, 20888.2080 tons),
accounting for 42.20% of the province’s total. Followed by the Ferrous metal smelting and
rolling processing industry (No.31), Nonferrous metal mining and beneficiation industry
(No0.09), Electricity and heat production and supply industry (No.44), Raw chemical materials
and chemical products industry (No.26), accounting for 25.82%, 7.01%, 6.27%, 5.89% of the
province’s total. The 5 major industries accounted for 87.19% of the total PM emission by key
industries in Hunan.

In 2022, the industry with the largest number of VOC production was the Printing and
recorded media industry (No.23,8967.1057 tons), accounting for 16.15% of the province’s total.
Followed by the Manufacture of computers, communication and other electronic equipment
industry (No.39), Raw chemical materials and chemical products industry (No.26), Petroleum,
coal and other fuel processing industry (No.25), Ferrous metal smelting and rolling processing
industry (No.31), accounting for 15.27%, 15.03%, 10.91%, 9.49% of the province’s total. The 5
major industries accounted for 66.85% of VOC production by key industries in Hunan. The
industry with the largest VOC emissions was the Petroleum, coal and other fuel processing
industry (No.25, 5305.2669 tons), accounting for 17.50% of the province’s total. Followed by
Raw chemical materials and chemical products industry (No.26), Printing and recorded media
industry (No.23), Ferrous metal smelting and rolling processing industry (No.31), Manufacture
of computers, communication and other electronic equipment industry (No.39), accounting for
16.35%, 13.52%, 11.60%, and 6.33% of the province’s total, respectively. The 5 major industries
accounted for 65.31% of VOC emissions by key industries in Hunan.

In 2022, the industry with the largest number of HM production was the Nonferrous metal
smelting and rolling processing industry (No.32, 997427.4350 kg), accounting for 60.54% of
the province’s total. Followed by Raw chemical materials and chemical products industry
(No.26), Ferrous metal smelting and rolling processing industry (No.31), accounting for 26.31%,
9.05% of the province’s total, respectively. The 3 major industries accounted for 95.90% of the
total. The industry with the largest emission of HM was the Nonferrous metal smelting and
rolling processing industry (No.32, 16902.5370 kg), accounting for 65.16% of the province’s
total. Followed by Ferrous metal smelting and rolling processing industry (No.31), Nonmetal
mineral products (No.30), accounting for 10.59% and 9.87% of the total, respectively. The 3
major industries accounted for 85.62% of the total in Hunan.

3.2.2.2 Key industries in 2020-2022

Compared with 2020, the top 3 industries with a decrease in SO2 emissions were the Mining
and washing of coal industry (No.06), Food manufacturing industry (No.14), Railway, ship,
aerospace and other transport equipments manufacturing industry (No.37), which were
decreased by 100%, 97.52% and 96.52% in 2022 respectively. In NO emissions were the Mining
and washing of coal industry (No.06), Railway, ship, aerospace and other transport equipments
manufacturing industry (No.37), Food manufacturing industry (No.14), which were decreased
by 100%, 84.20%, 69.84%. In PM emissions were the Textile and garment industry (No.18),
Other manufacturing industry (No.41), Petroleum, coal and other fuel processing industry
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(No.25), which decreased by 99.72%, 96.55%, and 95.04%. In VOC emissions were the Mining
and washing of coal industry (No.06), Food manufacturing industry (No.14), Manufacture of
computers, communication and other electronic equipment industry (No.39), which decreased
by 100%, 89.35%, and 84.98%. In HM emissions were Medicines manufacturing industry
(No.27), Agricultural and sideline food processing industry (No.13), Nonferrous metal mining
and beneficiation industry (No.09), which decreased by 99.77%, 98.68%, and 78.19%.

From 2020 to 2022, the industries with the largest average reduction rate of SO2 were the
Electricity and heat production and supply industry (No.44), Petroleum, coal and other fuel
processing industry (No.25), and Nonferrous metal mining and beneficiation industry (No.09),
which were 98.87%, 97.32%, and 96.40% respectively. The industries with the largest average
reduction rate of NO were Petroleum, coal and other fuel processing industry (No.25),
Electricity and heat production and supply industry (No.44), Manufacture of special purpose
machinery industry (No.35), which were 86.81%, 84.42%, and 75.32%. The industries with the
largest average reduction rate of PM were the Electricity and heat production and supply
industry (No.44), Paper and paper products (No.22), Chemical fiber manufacturing industry
(No.28), which were 99.97%, 99.88%, and 99.82% respectively. The industries with the largest
average reduction rate of VOC were the Tobacco manufacture industry (No.16), Automobile
manufacturing industry (No.36), Agriculture, forestry, animal husbandry, fishing professional
and auxiliary activities (No.05), which were 58.39%, 55.94%, and 55.87%, respectively. The
industries with the largest average reduction rate of HM were the Manufacture of leather, fur,
feather, and related products (No.19), Comprehensive use of waste resources (No.42), Ferrous
metal smelting and rolling processing industry (No.31), which were 99.29%, 98.95%, and 98.59%
respectively.

4. CONCLUSION

Compared with the eco-environmental statistics in 2020 and 2021, the emissions of SO2, NO,
PM and VOC from industrial sources had continued to decrease, indicating that the emission
reduction work had achieved remarkable results. From the perspective of regional distribution,
the top cities of SO2 emissions were Loudi, Chenzhou, Xiangtan, respectively, mainly due to the
large emissions of iron and steel, non-ferrous metal smelting and other industries. The top cities
of NO emissions were Loudi, Changsha and Chenzhou, which mainly from mobile source. The
top cities of PM emissions were Loudi, Chenzhou, and Xiangtan. The top cities of VOC emissions
were Changsha, Yueyang, and Loudi. The suggestions were put forward: (1) to develop industry
in accordance with local conditions and strengthen pollution control; (2) to strengthen the
construction of infrastructure for environmental protection and promote harmonious
development; (3) to pay attention to special actions to win the battle of environmental
protection.
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