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• Combining literature research and meta-
analysis, the environmental hazards
posed by mine dust are presented.

• The health hazards of mine dust pollution
are presented, to remind residents, miners
and researchers to protect themselves.

• It is proposed to apply changes in aerosol
optical depth to infer the progress of
mine dust management on a regional
scale.
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The over-exploitation of mineral resources has led to increasingly serious dust pollution in mines, resulting in a series of
negative impacts on the environment, mine workers (occupational health) and nearby residents (public health). For the
environment, mine dust pollution is considered a major threat on surface vegetation, landscapes, weather conditions
and air quality, leading to serious environmental damage such as vegetation reduction and air pollution; for occupa-
tional health, mine dust from the mining process is also regarded as a major threat to mine workers' health, leading
to occupational diseases such as pneumoconiosis and silicosis; for public health, the pollutants contained in mine dust
may pollute surrounding rivers, farmlands and crops, which poses a serious risk to the domestic water and food security
of nearby residents who are also susceptible to respiratory diseases from exposure to mine dust. Therefore, the second
section of this paper combines literature research, statistical studies, and meta analysis to introduce the public mainly
to the severity of mine dust pollution and its hazards to the environment, mine workers (occupational health), and res-
idents (public health), as well as to present an outlook on the management of mine dust pollution. At the same time, in
order to propose a method for monitoring mine dust pollution on a regional scale, based on the Dense Dark Vegetation
(DDV) algorithm, the third section of this paper analysed the aerosol optical depth (AOD) change inDexing City of China
using the data of 2010, 2014, 2018 and 2021 from the NASA MCD19A2 Dataset to explore the mine dust pollution sit-
uation and the progress of pollution treatment in Dexing City from 2010 to 2021. As a discussion article, this paper aims
to review the environmental and health risks caused by mine dust pollution, to remind the public to take mine dust pol-
lution seriously, and to propose the use of remote sensing technologies to monitor mine dust pollution, providing sug-
gestions for local governments as well as mines on mine dust monitoring measures.
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1. Introduction and background

1.1. Mine dust pollution and its environmental & health risks

As the world's resources continue to be exploited, mining activities are
giving rise to increasing environmental damage and pollution, of which
mine dust pollution is considered to be one of the biggest threats to environ-
ment and public health (Entwistle et al., 2019; Hendryx et al., 2020a):Mine
dust pollution not only leads to serious environmental damage, but also in-
creases the probability of respiratory diseases among mine workers and
nearby residents (Zhang et al., 2021a; Chen et al., 2019), as well as infects
nearby rivers (Mwaanga et al., 2019), farmlands and crops (Guo et al.,
2019), leading to threats to domestic water quality and food safety.

With the concept of “One Health” (Frank, 2008), mine pollution, espe-
cially the mine dust pollution (Dang and Shan, 2018; Xiu et al., 2020a), is
getting more andmore attention. Althoughmine dust pollution is receiving
increasing attention, the public's understanding of the hazards and risks of
mine dust pollution is more real, which has led to health issues due to the
lack of public awareness of self-protection under mine dust in recent
years (Li et al., 2015; Tang et al., 2017). Thus, the second section of this
paper combines literature research, statistical studies, and meta-analysis
to introduce the public mainly to the severity of the current worldwide
mine dust pollution and its environmental hazards and health risks to the
environment, mine workers (occupational health), and residents (public
health), in the following three parts:

1. The negative impacts of mine dust pollution on the environment (e.g.
vegetation reduction, natural landscapes damage and weather change);

2. The negative impacts of mine dust pollution on the mine workers (e.g.
occupational diseases);

3. The negative impacts of mine dust pollution on public health (e.g. respi-
ratory diseases, domestic water pollution and food security threat).

1.2. Mine dust pollution and its monitoring

At the same time, it is also important to monitor mine dust pollution in
mining areas. At present, for mine dust pollution assessment, particulate
matter monitoring techniques (e.g. PM10, PM5, PM2.5, etc.) are most com-
monly used in mines to monitor mine dust (Miler and Gosar, 2019; Wang
and Jiang, 2021); while formine dust treatment solutions, vegetation resto-
ration and planting (Gil-Loaiza et al., 2018) are considered to be the most
effective methods of mine dust control, while dust suppressants (Liao
et al., 2018; Shi et al., 2021), biopolymers (Chen et al., 2015; Toufigh and
Ghassemi, 2020) and geo-polymerization techniques (Kasap et al., 2022a;
Koohestani et al., 2021; Li et al., 2020) are also widely used for mine dust
prevention and treatment. Such assessments and solutions to mine dust
pollution could indeed provide a quantitative analysis of the extent of
mine dust pollution and mitigate the pollution problem to a certain extent,
which is positive; however, governments could not get effective feedback
from these studies on mine dust pollution situation and the progress of pol-
lution treatment on a regional scale (Baluchová et al., 2019), especially for
mining cities such as Dexing City in China and Kuantan inMalaysia. Thus, it
is crucial to analyse the dust pollution situation and the progress of treat-
ment on a regional scale. Therefore, it is significant to introduce remote
sensing technologies to monitor mine dust pollution on a regional scale in
mining areas and even mining cities.

Aerosol optical depth (AOD) is defined as the integral of the extinction
coefficient of a medium in the vertical direction and describes the reduction
of light by an aerosol. It is one of the most important parameters of an aero-
sol and a key physical quantity characterising the degree of atmospheric tur-
bidity (Wei et al., 2020). AOD is often used to forecast the concentration of
ground-level atmospheric particles and monitor urban air quality on a re-
gional scale (Bai et al., 2022). At the same time, in mining cities, AOD can
be used as a reference for the level of urban mine dust pollution and the
progress of the mine dust treatment: Generally, the higher the AOD, the
worse the air quality (Kumar et al., 2007), which indicates more dust
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pollution from the mining areas. Therefore, in mining cities, the change of
AOD can clearly reflect the change of air quality in the mining areas, and
thus themine dust pollution in themining area and the progress of treatment
can be inferred. As a result, the third section took Dengxing City in China
which is a mining city as an example, analysed the AOD changes using the
data of 2010, 2014, 2018 and 2021 from theNASAMCD19A2Dataset, to ex-
plore and discuss the mine dust pollution situation and the progress of dust
pollution treatment in Dexing City, providing suggestions for local govern-
ments and mining companies on mine dust monitoring measures.

1.3. Research objectives and novelty statement

As a discussion article, this paper focuses on introducing the public to
the seriousness of mine dust pollution and awakening public awareness of
mine dust pollution so that it can be effectively prevented and controlled;
at the same time, this paper also advocates the use of remote sensing tech-
nologies to monitor mine dust pollution on a regional scale to the govern-
ment, mining enterprises and researchers, so as to effectively assess the
mine dust pollution situation and the mine dust pollution control progress
in a certain area (e.g. a mining city). The main research objectives of this
paper are as follows:

• In Section 2, it is planned to summarise the environmental hazards
(vegetation damage, landscape damage, etc.) and health risks (occupa-
tional diseases, respiratory diseases, cancers, etc.) caused by mine dust
through literature studies and reviews; in addition, in the occupational
health part, it is planned to explore and discuss the correlation between
mine dust exposure and lung cancer through meta-analysis. The aim is
to raise the awareness of the public, especially residents, mining workers
and researchers who are exposed to mine dust for a long time, to mine
dust pollution, and to raise public awareness of self-protection under
the mine dust exposure.

• In Section 3, taking the city of Dexing (amining city in China) as an exam-
ple, it is planned to visualise the changes in air quality within Dexing City
by calculating the change in aerosol optical depth (AOD), so as to judge
and speculate on themine dust pollution situation and dust pollution con-
trol progress within the main mining areas of Dexing City on a regional
scale. The aim is to propose the use of remote sensing technologies to
monitor mine dust pollution, providing suggestions for local governments
as well as mines on mine dust monitoring measures, so that governments
and mining companies could get effective feedback on the dust pollution
control progress from this monitoring method.

This paper, as a discussion article in the field of environmental health,
combines literature review, meta analysis, data analysis and field surveys,
with the following innovations:

• In the context of the literature review of the environmental and health
threats of mine dust, Section 2 includes a meta analysis part to explore
and discuss the correlation between mine dust exposure and lung cancer,
which is a highlight in this paper.

• Section 3 advocates the use of remote sensing technologies formonitoring
mine dust pollution, which has great practical significance. Because the
application of remote sensing technologies in mine dust monitoring can
reduce the efforts of researchers to sample and analyse the level of mine
dust pollution; while the monitoring results (changes in AOD) can also
provide feedback to governments and mining enterprises on the progress
of mine dust management, which is conducive to the formulation of at-
mospheric environmental protection policies.

2. Mine dust pollution and its hazards

2.1. Mine dust pollution and environment damage

Mine dust is mainly generated from ore blasting operations, excavation
operations, tailings pond dusting (Cavusoglu et al., 2021; Kasap et al.,
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2022b) and equipment dusting during the whole mining operation (Xiu
et al., 2020b), which can cause environment damage, with the vegetation
reduction and air pollution, and these two (Kumar, 2015a; Gumenik and
Lozhnikov, 2015; Sairanen and Pursio, 2020) are considered the most seri-
ous ecological and environment damage.

2.1.1. Vegetation reduction
Mine dust pollution is thought to have an inhibitory effect on the plant

growth, leading to a decline in the vegetation cover (Pal and Mandal,
2017).

According to previous studies (Farmer, 1993), the deposition of
mine dust (mineral dust) on vegetation can affect photosynthesis, respi-
ration and transpiration of plants, leading to a decrease in plant produc-
tivity and also causing visible symptoms of damage to vegetation
(Kumar, 2015b). Additionally, another study (Shukla et al., 2019) has
represented mine dust deposition and accumulation can lead to physical
damage to vegetation, clogging of stomata and reduced photosynthesis,
with severe implications for the economic and nutritional value of crops
in particular.

In addition, heavymetal pollutants such as those contained inmine dust
can negatively affect the plant growth. The impact of heavy metals on
plants is mainly through themetabolic activities of air (mine dust particles),
water (waste water) and soil on plants, and the accumulation of heavy
metals in plants is detrimental to growth (Asati et al., 2016). Also, some
metals, including copper (Cu), manganese (Mg), cobalt (Co), zinc (Zn)
and chromium (Cr), which are contained in mine dust, are essential for
trace metabolism in plants, but may be toxic to plants when present in
bio-available form and at high levels (Nagajyoti et al., 2010).

2.1.2. Air pollution
Dust pollution from the mining operations, especially during blasting

operations, often affects air quality degradation (Bakhtavar et al., 2021)
in the form of suspended particulate matter (SPM) and heavy metals in
aerosols:

At the beginning of the 21st century, a study (Ghose and Majee, 2001)
depicted that suspended particulate matter (SPM) was the largest dust pol-
lutant from open-pit mining, contributing to air pollution and the conse-
quent threat to human health; while Wang et al. (Wang et al., 2022a)
identified the generation of particulate matter as one of the most serious
Fig. 1. The correspondence between mine dust pollution and env
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impacts of mining on air quality, and in 2021 they analysed the extent of
dust pollution (concentrations of PM10 and PM2.5), using the example of
the Haerwusu open-pit coal mine in the Northwest China, to provide the
government and the mine a basis and a reference for pollution prevention
and control. In addition, heavy metals (e.g. Hg) in mine dust are likely to
be transported in the air and aerosols, which can cause serious air pollution
and health risks (Phillips, 2016), which was subsequently verified by a
study (Blondet et al., 2019): the study measured high levels of Zn, Pb, As,
Cd and Sb in atmospheric fallout from the mining district of Cartagena-La
Unión at Spain, with potential risks to air quality and human health. In
2022, some Chinese researchers (Wang et al., 2022b) also identified mine
dust emissions as a major source of heavy metals in the air, with arsenic
and chromium potentially posing a cancer risk to residents of mining areas.

Fig. 1 exposes the correspondence between mine dust pollution and en-
vironmental damage (vegetation reduction and air pollution).

2.2. Mine dust pollution and occupational health

Mine dust is considered the “No. 1 Culprit” for mining safety and occu-
pational health, as mine dust pollution can be extremely harmful to the
health of mine workers, making them more susceptible to cardiovascular
and respiratory diseases (Hendryx et al., 2020b).

During the mining operations in underground mines, dust pollution
from blasting and excavation operations is generated in the underground
environment, provided that dust is not discharged in time, mine workers
are exposed to mine dust (e.g. silica dust) and harmful gases and are at
increased risk of occupational diseases, respiratory diseases and cancer
(Gui et al., 2020); while in the mining operations of open-pit mines, dust
pollution spreads more widely, affecting the occupational health of mine
workers and may also have a serious impact on the surrounding environ-
ment and residents, in addition, the dust caused by mine tailings ponds at
the surface is also an important source of dust pollution (Li et al., 2021).

Currently, the main effects of dust pollution (e.g. silica dust), on the oc-
cupational health of mine workers are considered to be reflected in:

1. Occupational diseases (e.g. pneumoconiosis, silicosis);
2. Cancer (e.g. lung cancer);
3. Respiratory diseases and other diseases (e.g. chronic obstructive pulmo-

nary disease, diabetes).
ironmental damage (vegetation reduction and air pollution).
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2.2.1. Occupational diseases
Formineworkers, themost common and serious occupational disease is

pneumoconiosis (Liu and Liu, 2020), a general term for lung diseases
caused by long-term inhalation of dust from themining environment. Its oc-
currence process is complex and involves a variety of cellular and biologi-
cally active substances, including immune response, inflammatory
response, structural damage and repair of cells and tissues, collagen prolif-
eration and fibrosis (Liu et al., 2021a).

Patients who have pneumoconiosis gradually lose pulmonary function
until they die: According to the 2010 Global Burden of Disease (GBD)
study, approximately 125,000 global deaths are attributed to pneumoconio-
sis each year, so one of the most important contributors to pneumoconiosis,
mine dust pollution, requires receivingmore attention (Lozano et al., 2012).

A report (Laney and Weissman, 2012) revealed that between 1000 and
2000 pneumoconiosis patients are hospitalized in the United States each
year, and that the mortality rate for pneumoconiosis patients in the
United States was>25% in 2007. Australia, famous for its mining industry,
also has a pneumoconiosis crisis: the high dust concentration in Australian
mines (especially in New South Wales) (Hendryx et al., 2019) has led to a
significant increase in the probability of mine workers suffering from pneu-
moconiosis (Hendryx et al., 2020a). Countries such as SouthAfrica (Nelson,
2013) and Canada (Jorgenson and Sandlos, 2021) are also facing the social
situation of widespread pneumoconiosis among mine workers.

China is also a mining power in the world, with a large number of mine
workers diagnosed with pneumoconiosis throughout China, many
researchers have scrambled in recent years to investigate and study
pneumoconiosis cases in various Chinese provinces and cities: Han, L.
(Han et al., 2019) counted the number of cases of pneumoconiosis in
Jiangsu Province, China, from 2006 to 2017, with a total of 9243 pneumo-
coniosis cases reported; at the same time they counted (Han et al., 2015) the
disease characteristics of pneumoconiosis patients and they concluded that
90.71 % of pneumoconiosis patients were underground workers or mine
workers in 2014. And there even are studies (Liu et al., 2022) related to
the prevalence of pneumoconiosis in mine workers.

According to the statistics (data from https://www.chinacdc.cn): by the
end of 2018, 873,000 cumulative cases of pneumoconiosis were reported in
China, accounting for about 90 % of the total number of reported occupa-
tional disease cases; since 2010, an average of 20,000 to 25,000 new
cases of pneumoconiosis have been reported annually. The actual number
of cases is much higher than the number of reported cases due to low occu-
pational health inspection coverage and imperfect employment system.

As dust exposure, especially mine dust, is a direct cause of pneumoconi-
osis, residents, workers and researchers who are exposed to dust for long
periods of time need to take special care to protect themselves, for example
by wearing dust masks. Therefore, in this part we aim to make the public
aware of the dangers of pneumoconiosis so as to raise public awareness of
pneumoconiosis prevention.

2.2.2. Dust pollution and lung cancer: meta-analysis
Airborne dust exposure, especially silica dust, is often thought to have a

strong correlation with lung cancer, especially in mining areas, and this
claim has been becoming a consensus (Witschi, 2001).

In 1988, it was found that lung cancer mortality was higher in Japanese
mines than in other areas, and he hypothesized that there was a correlation
between mine dust emissions and lung cancer (Minowa et al., 1988); and a
subsequent study (Mzileni et al., 1999) found that the incidence of lung
cancer was significantly higher in the mining areas of Northern Province,
South Africa. By 2008, Hendryx, M. (Hendryx et al., 2008) found that
lung cancer mortality in the Appalachia region, the US, was increasing
with the gradual expansion of mining. In 2012, high cancer mortality
rates were also found in the coal mining region of Xuanwei, Yunnan,
China (Cao and Gao, 2012).

There are many more studies and findings such as these (Leonard et al.,
2020a; Stayner and Graber, 2011). As the effect of mine dust on lung cancer
is unknown and mine dust does not directly cause lung cancer, a simple
meta-analysis was done to study and investigate the effect of dust exposure
4

(pneumoconiosis) on lung cancer and whether mine dust pollution and
pneumoconiosis cause lung cancer.

• Search Strategy

We searched the relevant literature in Pubmed (https://pubmed.ncbi.
nlm.nih.gov) and Embase (www.embase.com) databases for the terms
(“Pneumoconiosis”[Mesh] OR Bagassosis) and (“Lung Neoplasm”[Mesh]).

We excluded papers with poor quality and poor control of confounding
factors as well as review papers, and selected research literature (Hua et al.,
1994; Samet et al., 1994; Ulm et al., 1999; Brüske-Hohlfeld et al., 2000;
Rodríguez et al., 2000; Cassidy et al., 2007; Vida et al., 2010; Tse et al.,
2012; Kachuri et al., 2014) that could control confounding factors better,
with similar statistical indicators and 95% confidence intervals across stud-
ies. In addition, we chose older literature (1994 to 2013) because dust han-
dling and protection technologies are constantly innovating, while mining
technology is evolving, mine mechanization is increasing, and fewer
workers are actually working in mines nowadays, so the association be-
tween the dust exposure and lung cancer is better investigated using older
literature.

• Statistical analysis

Statistical analysis was performed using the software Stata 15.1 (www.
stata.com), and the dichotomous variables of each original study were
expressed as the OR (Odds Ratio) and 95 % CI (Confidence Interval), and
the χ2 test was used to analyse the heterogeneity between studies (test
level α = 0.1).

If P > 0.1 and I2 ≤ 50 %, the heterogeneity among the included studies
was small or non-existent, andmeta analysiswas performedusing thefixed-
effects model; otherwise, the heterogeneity among the included studies
existed, and meta analysis was performed using the random-effects
model. Forest plots were drawn using fixed-effects models, and funnel
plots were used to assess publication bias.

• Results

As shown in Fig. 2, studies were analysed, first with the heterogeneity
analysis and no significant heterogeneity between studies (P = 0.207,
I2 = 26.7 %), and a fixed-effects model was adopted, and patients in the
silica dust-exposed group had a statistically significant effect on the devel-
opment of lung cancer compared to those in the non-exposed group, with
patients in the exposed group having a higher risk of developing lung
cancer than those in the non-exposed group (OR = 1.34 [1.24,1.46], P <
0.001).

Fig. 3 shows publication bias funnel plots with a more symmetrical dis-
tribution of original studies, showing no significant publication bias. This
has led us to conclude that occupational dust is an important cause of
lung cancer.

2.2.3. Respiratory diseases and other diseases
Chronic obstructive pulmonary disease (COPD) is a lung disease charac-

terized by restricted airflow and is associated with an abnormal inflamma-
tory response of the lungs to harmful gases or particles. Mine dust exposure
is also a direct cause of COPDwhich generally occurs in adults after the age
of 40, especially in people with long-term exposure to dust, such as under-
ground workers and mine workers (Silver et al., 2021).

As early as 1992, studies concluded that occupational dust was a signif-
icant cause of COPD and that the risk appeared to be greater for gold mine
workers than for coal mine workers (Oxman et al., 2012). One possible
explanation for the greater risk in gold mine workers is the higher silica
content of gold mine dust. Also, epidemiological and pathological studies
(Hnizdo and Vallyathan, 2003) have shown that silica dust exposure can
cause COPD and may also lead to chronic bronchitis, emphysema and
small airway diseases. And many studies (Laney and Weissman, 2014;
McBean et al., 2020; Murgia et al., 2021) have also shown that the dust

https://www.chinacdc.cn
https://pubmed.ncbi.nlm.nih.gov
https://pubmed.ncbi.nlm.nih.gov
http://www.embase.com
http://www.stata.com
http://www.stata.com


Fig. 2. Forest plots (which are mainly used to graph the results of quantitative synthesis of meta-analysis).
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exposure (especially mine dust exposure) can lead to chronic obstructive
pulmonary disease.

In addition to respiratory diseases, studies have shown that mine dust
pollution may also cause an increased risk of cardiovascular disease
(Landen et al., 2011) cerebrovascular disease (Tong et al., 2019), kidney
disease (Hendryx, 2009), and diabetes (Ganesan et al., 2019) among
mine workers. However, there is insufficient evidence to suggest that
mine dust is a direct factor in causing these diseases.

Fig. 4 exposes the correspondence between mine dust pollution and oc-
cupational health.
Fig. 3. Funnel plots (which are mainl
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2.3. Mine dust pollution and public health

Mine dust pollution also has a serious impact on public health. First
of all, the spread of mine dust (especially in open-pit mines) can also
cause respiratory diseases in residents such as COPD, emphysema,
pneumoconiosis and even lung cancer in the surrounding area of the
mines (Leonard et al., 2020b). In addition, mine dust can also contami-
nate rivers, farmlands, residential water and even drinking water
around mining areas, posing a serious public health threat (Gautam
et al., 2018).
y used to exclude statistical bias).



Fig. 4. The correspondence between mine dust pollution and occupational health.
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2.3.1. Water pollution
Mine dust contains heavymetals and its dispersion can pollute the rivers,

while many residents near mining areas use river water as domestic water
for washing dishes, clothes, etc., posing a threat to their health (Li et al.,
2022a); and studies have indicated that wind-blown mine dust from mine
tailings is likely the most significant cause of heavy metal contamination
of water sources such as lakes and rivers (Battogtokh et al., 2014); at the
same time,mine dust is thought to contaminate the drinkingwater of people
living near themine, just asminewastewater discharge does (Bhuiyan et al.,
2010). Many studies have also shown that mine dust pollution can cause se-
rious contamination of water sources around mining areas, thus affecting
the health of the local residents (Liu et al., 2021b; Sedibe et al., 2017).

2.3.2. Food security threat
The accumulation of mine dust in crops as well as in farmland soils leads

to contamination of crops by heavymetals inmine dust, causing food safety
threat. And if contaminated crops are mistakenly eaten, then people's
health can be adversely affected (Baghaie and Aghili, 2019).

Mine dust contamination increases heavymetal concentrations in soil, at-
mosphere and wheat, thereby posing a risk to metal-related human health
through food intake (Maqbool et al., 2019). Many researchers apparently
agreed with this statement, for example, Izydorczyk et al. (Izydorczyk et al.,
2021) proposed that crop contamination from heavy metals in mineral dust
that have invaded the soil can have a negative impact on human health;
and Qin et al. (Qin et al., 2021) believed that mine dust pollution causes
the spread of heavy metals and other pollutants, and that the adverse effects
on crop quality threaten human health; Esmaeili et al. (Esmaeili et al., 2014)
conducted a study in the Isfahan industrial area and found thatmine dust pol-
lution affected the concentration of Cu and Mn in soil, jeopardizing the ecol-
ogy of agriculture, food security, humanhealth and sustainable development.

Fig. 5 exposes the correspondence between mine dust pollution and
public health (water pollution and food security threat).

3. Mine dust assessment and its treatment progress in Dexing City,
China

In this section, we took Dengxing City, China as an example, and
analysed the AOD changes using the data of 2010, 2014, 2018 and 2021
6

from theNASAMCD19A2Dataset, to explore and discuss themine dust pol-
lution situation and the progress of pollution treatment in Dexing City, pro-
viding suggestions for local governments as well as mining companies on
mine dust monitoring measures.

3.1. Background and preparations

3.1.1. Study area
Located in the northeastern part of Jiangxi Province between 24°29′14″

to 30°04′41″ North and 113°34′36″ to 118°28′58″ East, Dexing City is
known as the “Copper Capital” of China. Dexing City is a famous natural re-
source extraction city in China, with two large open-pit mines, the
Yinshan Mine and the Dexing Copper Mine (as shown in Fig. 6), as
well as a number of non-ferrous metal mining and processing enter-
prises. The frequent mining activities have resulted in serious mine
dust pollution and dispersion.

3.1.2. Data source and process
The data used in this study are from the NASA MCD19A2 Dataset

(https://search.earthdata.nasa.gov). The dataset is obtained by inversion
of satellite sensor observations after the Multi-Angle Implementation of At-
mospheric Correction (MAIAC), with good accuracy (Lyapustin et al.,
2018). In this study, we used aerosol data in the Optical_Depth_055 (550
nm) band, and the data used are geometrically corrected, with the temporal
resolution of 1d and the spatial resolution of 1 km.

Kaufman and Sendra (Kaufman and Sendra, 1988) proposed Dense
Dark Vegetation (DDV) Algorithm based on extensive experiments, which
takes advantage of the low reflectivity of multiple features (e.g. dense veg-
etation, etc.) in the red and blue bands, and uses the apparent reflectance of
the 3.8 μm or 2.1 μm channel to find the dense dark vegetation, taking into
account multiple ground cover, and fit the relationship between the surface
reflectance of the red and blue channels of the dense dark vegetation and
the apparent reflectance of the 2.1 μm channel (as shown in Eqs. (1) and
(2)):

ρR ¼ ρ∗2:1=2 (1)

ρB ¼ ρ∗2:1=4 (2)

https://search.earthdata.nasa.gov
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where: ρR is the surface reflectance of the red channel; ρR is the surface re-
flectance of the blue channel; and ρ2.1∗ is the apparent reflectance of the 2.1
μm channel.

In this study, we have also used the Dense Dark Vegetation Algorithm
for the calculations of AOD changes within Dexing City from 2010 to
2021, for further details, please refer to http://dx.doi.org/10.13140/RG.
2.2.32279.24485. The Eqs. (1) and (2) gave the surface reflectance of the
dense dark vegetation in the red and blue channels, and then the 6S
Fig. 6. The administrative boundaries of Dexing City and
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Radiative Transfer Model was used to calculate the AOD (Shi et al., 2016;
Sun et al., 2010).

3.2. Results and discussion

The AOD distribution maps were charted through ArcGIS by classifying
AOD into twelve classes: (<0.20), (0.20–0.25), (0.25–0.30), (0.30–0.35),
(0.35–0.40), (0.40–0.45), (0.45–0.50), (0.50–0.55), (0.55–0.60),
its main mines (satellite maps from tianditu.gov.cn).

http://dx.doi.org/10.13140/RG.2.2.32279.24485
http://dx.doi.org/10.13140/RG.2.2.32279.24485
http://tianditu.gov.cn


Table 1
Statistics for the classes of AOD distribution in Dexing City.

Area percent

Class 2010 2014 2018 2021

<0.20 0.17 % 0.08 % 0.04 % 0.63 %
0.20–0.25 0.25 % 0.04 % 2.47 % 14.67 %
0.25–0.30 0.42 % 0.13 % 16.47 % 74.29 %
0.30–0.35 5.14 % 0.42 % 62.63 % 9.24 %
High (<0.20) 5.98 % 0.67 % 81.61 % 98.83 %
0.35–0.40 9.36 % 3.93 % 17.06 % 0.59 %
0.40–0.45 30.10 % 9.11 % 0.75 % 0.13 %
0.45–0.50 49.25 % 17.81 % 0.25 % 0.13 %
0.50–0.55 4.77 % 58.86 % 0.04 % 0.08 %
Medium (0.35–0.55) 93.48 % 89.71 % 18.10 % 0.93 %
0.55–0.60 0.25 % 9.20 % 0.08 % 0.04 %
0.60–0.65 0.17 % 0.17 % 0.13 % 0.04 %
0.65–0.70 0.08 % 0.17 % 0.04 % 0.04 %
>0.7 0.04 % 0.08 % 0.04 % 0.13 %
Low (>0.55) 0.54 % 9.62 % 0.29 % 0.25 %

Note: Data, calculations, images, maps, etc., please refer to http://doi.org/
10.13140/RG.2.2.32279.24485.
The AOD from the years 2010, 2014, 2018 and 2021 are charted by ArcGIS to ob-
tain the distribution maps, which reflect the spatial characteristics of AOD changes
in Dexing City from 2010 to 2021, as shown in Fig. 7.
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(0.60–0.65), (0.65–0.70), (>0.70). The AOD distribution is further classi-
fied into three classes according to air quality: High (<0.35), Medium
(0.35–0.55), Low (>0.55). According to the calculation results, the area
and percentage statistics of each vegetation cover class (2010 to 2021)
are shown in Table 1.

3.2.1. Analysis: 2010 to 2014
• According to the statistics (Table 1), the area percentage of High (<0.35)
and Medium (0.35–0.55) in Dexing City showed a clear downward trend
Fig. 7. The AOD distribution maps of Dexin
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from 2010 to 2014; while the area percentage of Low (>0.55) showed a
clear upward trend from 2010 to 2014; however by 2014, the area per-
centage of Low (>0.55) is even as high as 9.62 %, which revealed that
the air quality of Dexing City has a significant decrease from2010 to 2014.

• Combined statistics (as shown in Table 1 and Fig. 8) with themap analysis
(Fig. 7), from 2010 and 2014, the air quality in the city of Dexing declined
significantly, and it can be found that the areas of poor air quality are
mainly located in the vicinity of the two mines in Dexing City, Dexing
Copper Mine and Yinshan Mine (as shown in Fig. 6).

It can be surmised that from 2010 to 2014, Dexing City remained com-
mitted to the development of mineral resources, but it was clear that the air
quality optimization and the treatment of mine dust pollution were not ef-
fective enough. In particular, there was a significant decline in air quality in
the main mining areas of the two large mines from 2010 to 2014, probably
due to the lack of attention and timely treatment of mine dust pollution
caused by frequent mining activities.

3.2.2. Analysis: 2014 to 2021
• According to the statistics (as shown in Table 1), the area percentage of
High (<0.35) showed a clear upward trend in Dexing City from 2014 to
2021; by 2021, the area percentage of High (<0.35) is even as high as
98.83 %; and the area percentage of Low (>0.55) showed a downward
trend, and by 2021, only 0.25 % of the city area remained Low (>0.55),
which indicated the efforts made by Dexing City and mines to combat
air pollution (mine dust pollution) from 2014 to 2021.

• Combined statistics (as shown in Table 1 and Fig. 8)with themaps analysis
(Figs. 7 and 9), it can be found that the air quality in Dexing City improved
a lot after 2014, especially in the main mining area, reflecting the efforts
made by the government and the mines on mine dust pollution treatment.

It can be speculated that from 2014 to 2021, Dexing City actively car-
ried out the optimisation of air quality in mining areas and the treatment
g City in 2010, 2014, 2018 and 2021.

http://doi.org/10.13140/RG.2.2.32279.24485
http://doi.org/10.13140/RG.2.2.32279.24485


Fig. 8. The AOD changes in Dexing City from 2010 to 2014.
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of mine dust while conducting mining activities, with significant results,
especially in the main mining area of the Yinshan Mine. From 2014 to
2021, the air quality in the main mining areas of the two large mines was
significantly improved, probably due to the government as well as the
mining enterprises strengthening the prevention and control of mine dust
pollution in Dexing City.

3.2.3. Discussion: mine dust pollution prevention and control in Dexing City,
China

Around 2008, China put forward the proposal of “GreenMine Construc-
tion” (Li et al., 2022b; Huang et al., 2012), calling on mines to develop the
mineral resources while keeping ecological disturbances in the mining
areas and surrounding areas within a manageable range.

Clearly, Dexing City has done this: while Dexing City is vigorously de-
veloping its mineral resources, it also pays great attention to environmental
protection, according to our study, the air quality in Dexing City has im-
proved significantly from 2014 to 2021, all thanks to the efforts of the
local government and mining companies in Dexing City.

In recent years, although the mining activities in Dexing City might
have a serious impact on the ecological environment (e.g. rivers), agricul-
ture and the health of the residents. At the same time, while extracting
resources, Dexing City is also actively involved in pollution prevention
and treatment, such as using fog cannons to spray ultra-micro water mist
to adsorb mine dust. In addition, Dexing City is also actively engaged in
vegetation restoration and land reclamation to treat mine pollution
(Zhang et al., 2021b) and has made significant progress.

Mine dust management in Dexing City provides a good example for
other mining cities, and in order to verify our inference about the mine
dust pollution situation and mine dust management in Dexing City ob-
tained by calculating the change in AOD from 2010 to 2021, we conducted
a field survey combining local information and interviews with the
Fig. 9. The AOD changes in Dex
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managers of mining enterprises and nearby residents, and came to the fol-
lowing conclusions (as shown in Fig. 10):

• In parallel with the development ofmineral resources, Dexing City has ac-
tively carried out environmental management of the mining areas, with
particular emphasis on planting vegetation around the mine site, which
has also effectively prevented the spread of mine dust.

• Since 2014, the Dexing Copper Mine has carried out comprehensive envi-
ronmental management of its pits; while the Yinshan Mine has gradually
shifted to underground mining to reduce the dust pollution caused by
open-pit mining (Liu et al., 2014).

4. Conclusions

In this paper, the second section combined literature studies, statistical
studies and meta analysis to introduce the public to the severity of current
worldwide mine dust pollution and its hazards to the environment, miners
(occupational health) and public health; and taking Dexing City of China as
an example, the third section calculated the changes in aerosol optical
depth (AOD) over the years (2010, 2014, 2018 and 2021), chartedAODdis-
tributionmaps, and analysed the trend of AOD changes, to infer the severity
of mine dust pollution, the progress of pollution treatment and the efforts
made by the local government and the mines for mine pollution treatment.
As a result, we made the following conclusions and suggestions:

• Mine dust pollution and its environmental & health risks: mine dust
causes damage to the eco-system through particulate matter (e.g. PM10,
PM5, PM2.5, etc.) and heavy metals (e.g. Cu, Mg, Co, Cr, etc.), leading to
environmental damage such as vegetation reduction and landscape de-
struction, an increase in the incidence of occupational diseases (e.g. pneu-
moconiosis, silicosis, etc.) and lung cancer, crop contamination and food
crises. The environmental hazards caused by mining dust are so serious
ing City from 2014 to 2021.



Fig. 10. Sources of mine dust pollution in the main mining area of Dexing City, and the dust pollution management of the main mining areas in Dexing City.
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that it is essential to monitor, control and prevent it; residents, workers
and researchers who are exposed to mine dust for long periods of time
also need to protect themselves, for example by wearing dust masks.

• Mine dust pollution and its monitoring: Calculating the change of aerosol
optical depth (AOD) to infer the mine dust pollution and the progress of
mine dust management is a very intuitive and effective method to moni-
tor mine dust pollution on a regional scale. In this paper, the changes in
AOD over the years (2010, 2014, 2018 and 2021) were calculated and
mapped, the trends of AOD changes were analysed to infer the severity
of mine dust pollution, the progress of pollution control and the efforts
made by the local government and mine authorities to control mine
dust pollution. Based on the changes in AOD, it is inferred that mine
dust pollution was more serious in Dexing from 2010 to 2014, while
mine dust pollution was effectively managed after 2014, which is basi-
cally consistent with the results obtained from the field survey.

In a nutshell, we claim that this paper serves as a guide to starting a
conversation, it also has limitations, which are mainly reflected in the
following:

• While the paper reviewed the environmental and health threats posed by
mine dust, and also explored and discussed the correlation between mine
dust exposure and lung cancer through meta-analysis, the correlation be-
tweenmine dust exposure and diseases such as cardiovascular disease, ce-
rebrovascular disease and diabetes remains unexplored and unknown;

• While the paper advocated remote sensing technologies (e.g. calculating
changes in AOD) to infer mine dust pollution situation and mine dust
management progress, the inferences also need to be verified through
field surveys, otherwise the results will be inaccurate.

Finally, we hope more experts, researchers and scholars will be inter-
ested and engage in research in this field of mine pollution assessment
and treatment.
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Image sources

Some of the material images are from the following websites, and au-
thors really appreciate it and declare that the images in the text are not in-
fringing (License CC BY-SA 4.0 http://creativecommons.org/licenses/by-
sa/4.0).

Fig. 1: (1)-ian.umces.edu/media-library/mine-drainage/; (2)-ian.
umces.edu/media-library/sediment/.

(3)-ian.umces.edu/media-library/acid-rain/; (4)-ian.umces.edu/media-
library/air-quality-medium/.

(5)-ian.umces.edu/media-library/quercus-palustris-swamp-spanish-oak/.
Fig. 4: (1)-ian.umces.edu/media-library/mine-drainage/; (2)-ian.

umces.edu/media-library/petroleum-industry-mining-truck/.
(3)-ian.umces.edu/media-library/forestry-worker/.
Fig. 5: (1)-ian.umces.edu/media-library/mine-drainage/; (2)-ian.

umces.edu/media-library/acid-rain/.
(3)-ian.umces.edu/media-library/sediment/; (4)-ian.umces.edu/media-

library/drinking-water/.
(5)-ian.umces.edu/media-library/taro-plantation/; (6)-ian.umces.edu/

media-library/river-3d-foothills-and-sandy-riverbed/.
(7)-ian.umces.edu/media-library/farmer-with-corn/.
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