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1. Introduction

In the process of industrial development, coal mining is the primary industry, which is contributing
inadvertently to the pollution of the environment. But at the same time, it also assures the energy supply,
which is indispensable for the development of a country [1]. Coal is a primary fuel used for generating
electricity
worldwide. It provides around 27% of global primary energy needs and generates about 36% of the world's
electricity [1]. From mining to coal cleaning, transportation to electricity generation to disposal, coal
releases numerous toxic pollutants into the air, water, and land. These disrupt ecosystems and endanger
human health [2]. Generating coke from coal causes dangerous effects on the environment, especially in its
traditional methods. Releasing and disposal of clinker (The residual burned coke in the furnace) is one of
the main problems in the environment, although it is beneficial for producing Portland cement.

Coal mining by both open mining and underground methods affects the area’s environment, especially
water resources, by discharging vast amounts of mine water [1]. When contaminated mine water discharges
to environmentally sensitive receiving waters, it causes environmental problems. Most coal mines are
located in the catchment area of the water authority and discharge their effluent to creeks and water sources
under licensing conditions imposed by the environmental protection authority [3]. Mine water includes
drainage from underground mines, water from the pit bottom of open-pit mines, and wastewater from
surface constructions (waste rock dumps, roads, mechanical workshops, and sanitary facilities).
Researchers present water intensity metrics for the coal lifecycles [4]. For example, Table 1 shows the
average water consumption for extraction, processing, combustion, and transport.

Table 1. Average water consumption for coal mining [4].

Average

water consumption (I/MWh) Coal

...for extraction 11-53
...for processing 0-109
...for combustion 1970-3940
...for transport Negligible

Mining environment protection in the coal industry has been paid much attention in recent years, of
which coal mine drainage treatment is the most critical issue. However, techniques of environmental
rehabilitation, coal mine drainage treatments, and management are totally new [5]. Even though the
technologies and techniques of coal mining treatment in developed countries have been accessed and
researched, it is not possible to implement them for all coal mines due to differences in geography, climate,
finance, and management experience.

Investigations in the southern section of the state of Santa Catarina in Brazil explained that the source
of Acid Mine Drainage (AMD) in the river could be from four types of abandoned mine lands: surface
mines, coal waste dumps, waste dumps in open pits, and acid dams. Researchers evaluated and analyzed
watersheds impacted by mining and integrated other pollution sources, and they tried for water management
and protection [6]. Also, they investigated mitigation procedures such as confinement, dry covers, and
vegetation, which significantly reduce the number of pollutants released from such sites. In addition,
discharges of contaminated drainage from abandoned underground mines are a major environmental
problem in this area and influenced the surface and groundwater resources in and around the mines, and
these effects propagate downstream. Fig 1 'a' and 'b' show the river and its contribution, and Fig .1 'c' shows
treatment sites and water quality improvement in the area’s watersheds [6].
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Fig. 1. a: Coal waste and an acidic pond, b: Surface mined area and spontaneous vegetation, c: Clay cover,
spread soil, and vegetation [6].

This article introduces the specific difficulties of coal mine drainage management and treatment,
solutions applied in this respect, and their results. These are the necessities of technology and management
experiences and are needed to manage the resources of coal mine drainage effectively to contribute to the
protection of the ecological environment and improve the living conditions of miners and the local
community in the world.

1. Environmental pollution caused by coal mining
1.1. The environmental pollution caused by extraction

Numerous environmentally damaging impacts of coal occur through its mining, preparation,
combustion, waste storage, and transport. The environmental effects of coal extraction include health,
visibility, agricultural productivity, destruction of the existing ecology and groundwater, erosion, and
disruption of public
water supply, explosion, ground movement, surface deformation, spontaneous combustion, and aesthetics
[7]. Coal mining environmental pollution can be caused by underground and surface extraction. Surface
and underground mining methods seriously destroy the landscape, which reduces the natural environmental
qualities in the surrounding land. Mining activity inception caused human populations to resettle in the
mine site; therefore, activities of agriculture and hunting were interrupted. Surface extraction disadvantages
included eliminates available vegetation, destroying the genetic soil, displacing or extirpating wildlife and
habitat, altering current land uses, and to some extent, permanently changing the general topography of the
area; indiscriminate mining occurs, adverse impacts on geological features in an opencast coal mine and
maybe destroyed geomorphic and geophysical features and all aesthetic elements of the landscape such as
vegetative cover [8]. Activities associated with the construction of haul roads, stockpiling of topsoil, and

46



Soleimanpour Moghadam and Azadmehr Journal of Environment and Sustainable Mining Vol.1 No.1 (2025) 44-59

hauling of soil lead to an increase in the quantity of dust which adverse impact on health and safety for
mine workers and nearby residents [8].

1.2. The environmental pollution from coal washing

To remove impurities from coal and improve the quality of coal before combustion, coal-washing is
applied [9]. Coal-washing not only causes two kinds of tailing: solid tailing and wastewater, but it also
affects ecosystems and human health. The environmental effects of coal tailings depend on their origin and
volume. The geochemical impact of processing and mineral wastes can be named: sulphide minerals
oxidation and its capability of producing acid, sulphides oxidation and making soluble salts, washing the
metals, penetrating to the local area, and the characteristics and toxicity of tailing effect on humans and
ecosystems (plants and animals). Tailing or waste removal from coal can be achieved by an explosion. An
explosion causes some parts of the waste to transfer inside the pit, but the remaining parts become weak
enough to be removed easily [10].

Wastewater characteristics from coal mines vary at each zone (from one zone to another) and coal
structure. Therefore, wastewater differs significantly in quality and quantity. Wastewater salt mainly
consists of chlorides and sulphates. Salinity generally increases by increasing depth and distance from
geologic outcrops and troughs [11-14]. Mostly, salty waters have a significant concentration of barium
(Ba’"), strontium (Sr"), ammonium (NH4"), and manganese (Mn?") ions. The main problem of tailing dams
is generating gas and polluted solutions, due to the biological decomposition of these collected wastes. The
mentioned gases comprise carbon dioxide, hydrogen sulphide, and methane, which prevent plants from
growing. Polluted solutions contain a significant concentration of biologically and chemically needed
oxygen and ammonium, which are a severe hazard to groundwater. Raining in such areas leads to washing
and releasing an enormous number of pollutants and causes harmful and dangerous effects by entering
surface water and groundwater [15-17]. All mines in the world will eventually close, but if water is not
controlled, it could acidify and re-enter the ecological system[15, 18]. To minimize the environmental
impact of flooding water from old mines, a treatment plant or desalination plant can be constructed at the
discharge point of the mine, which enables mine water to be treated to a potable, industrial, or agricultural
standard.

1.3. Acid Mine Drainage (AMD) and mine water

Engineering projects, including road construction, airport development, and foundation excavation, are
examples of civil projects that resulted in the generation of acidic drainage [19]. In mining, vast amounts
of water are discharged to the surface to facilitate the mining operation. The discharged water often contains
a high load of toxic shock syndrome (TSS), total dissolved solids (TDS), hardness, and heavy metals, which
contaminate the surface and groundwater [1]. Wastewater caused by flotation can be contaminated by
particulate matter, oil and grease, unburnt explosives, and other chemicals. If the coal contains a high
number of pyrites, the mine water may be acidic and thus pollute the nearby stream after discharge. Runoff
after rain can give rise to serious pollution problems, and a variety of other pollutants may also be
transported into watercourses. Distinguishing characteristics of AMD are low pH and high concentrations
of sulphate and heavy metals that are related to the mining industry [20-22]. Frequently, AMD is generated
when the metallic or non-metallic (e.g., coal) sulphide mineral wastes, such as low-grade mine wastes and
tailings are exposed to the atmosphere [23, 24]. The oxidative dissolution of sulphide minerals caused the
majority of acid metalliferous drainage from mine sites, which represents a substantial environmental
problem worldwide [25].

Reaction mechanisms are less well-known, and predicting and controlling the environmental aspects of
pyrite oxidation require a better understanding of the chemical reactions. The overall stoichiometric
reaction describing pyrite oxidation and AMD generation is given by Eq. (1) [26]:
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7
FeS, + 5 O,+ H,0 — le*+250> +2H" (1

As Eq. (1) shows, 1 mol of pyrite reacts with 3.5 mol of oxygen to produce 1 mol Fe2+, 2 mol SO4-2 and
H+.

| |
Fez*+202+H+—>1~‘e3++5H20 (2)
As Eq. (2) shows, the Fe2+ may be further oxidized by O2 converted to Fe3+ [27].
FeS,+14Fe™ +8H,0 —15Fe™ + 250, +16 H* 3)
Fe’* +3H,0 — Fe (()H)3+ 3H* 4)

As Eq. (3) shows, Fe3+ can further oxidize the pyrite to produce additional Fe2+ and SO42- and H+ or
hydrolyses into amorphous iron hydroxide, accompanied by the release of additional H+ ions into the
environment at pH values greater than 3.5, Eq. (4). It should be noted that reaction 2 is slow at low pH
values [28].

Indeed, the pyrite oxidation rate highly depends on the temperature, pH, acidophilic Fe microorganisms,
moisture, and the availability of oxygen within the tailings, which is mainly governed by the gaseous
diffusion process [29]. AMD with high concentrations of iron, SO4-2, and low pH can carry potentially
toxic metals such as Cd, Zn, Co, Mo, Ni, Pb, and Cu, and other dissolved materials away from the tailings
site [30, 31]. As the acidic water is low-pH and generally contains a high level of heavy metals, it will affect
the ecosystem and people in the surrounding area. Therefore, it is essential in mining operations to avoid
such problems. Passive treatment is low-cost and easy to maintain, dealing with AMD problems [19, 32].
For many years, several mathematical models have been developed for estimating the prediction of pyrite
oxidation and AMD generation and the behavior of the heavy metals in AMD [33-46]. Researchers
explained in detail the process of pyrite decomposition [48]. Mine process water treatment is done with
various methods, including methods of adsorbent modification [48-52] or treatment plant [18, 53] at the
discharge point of the mine.

1.4. Pollution from coal combustion

One of the critical challenges in the world is the danger of global warming under the influence of
greenhouse gases. The greenhouse gases cause the Earth’s surface, which includes chlorofluorocarbons
(CFCs), water vapor, carbon dioxide (CO2), methane (CH4), nitrous oxide (NO2), and ozone. Coal is
undoubtedly part of the greenhouse problem, as many coals contain intrinsic contaminants such as sulfur,
arsenic, silica, fluorine, lead, and mercury. A notable point is that during combustion, these contaminants
are not destroyed but released (or spread) into the air in their original or oxidized form. The primary
emissions from coal combustion are Sulphur dioxide (SO2), nitrogen oxides (NOx), particulates, carbon
dioxide (CO2), and mercury (Hg). For the coal industry, the negative impacts of greenhouse gas (GHG)
emissions, especially NOx and SO2, are of the most concern. Increasing combustion temperature and
decreasing atmospheric temperature assist in the release of trace elements [54]. The largest source of
anthropogenic GHG emissions is CO2 generated from the combustion of fossil fuels, and nowadays, coal
is responsible for 30—40% of world CO emissions from fossil fuels [54, 55].

Emissions of NOx cause acid rain and ground-level ozone photochemical smog [56]. Solid fuels are
very difficult to burn in simple combustion devices such as household cooking and heating stoves without
substantial emissions of pollutants, basically because of the difficulty of completely premixing the fuel and
air during burning, which is done quickly with liquid and gaseous fuels [57, 58]. Consequently, a substantial
fraction of the fuel carbon is converted to air pollutants such as carbon monoxide (CO), nitrogen dioxide
(NO2), and particulate matter (PM). In households that use coal, the pollution issue affects not only indoor
air
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quality (IAQ) but also outdoor air quality at a local or regional scale [58]. For example, household coal and
biomass cook stoves in China divert more than 10% and up to 38% of their fuel carbon into CO, NO2, and
PM [59]. Therefore, seventy percent of NOx emissions in China are primarily from coal combustion [60].
SO, emissions have been linked to acid rain, and many industrialized countries, even developing countries,
have instituted policies or regulations to limit them. SO and similar gases are one of the most harmful air
pollutants, evolving mainly from the combustion of fossil fuels in transport vehicles, industrial furnaces,
and thermal power plants [60]. SO, emissions in the air combine with rainwater and form sulfuric acid.
Acid rain resulting from SO2 harms agriculture and causes air pollution, and, on the other hand, destroys
the ecological balance [55].

Determining size distribution is significant in assessing health impacts because it specifies how the
particles can travel within and beyond the respiratory tract. So that the smoke resulting from large solid fuel
particles against PM generated from the fuel combustion have ultrafine [58].

2. Effect of pollution on humans

Although some of the coals contain toxic contaminants with unique health consequences, few studies of
their health effects have been conducted. Regardless of how the pollutants are absorbed in the human body,
through breathing, drinking water, or the food chain, each leads to severe impacts. Some of the
contaminants, along with their effects and their allowable concentration in drinking water in Iran, are
mentioned in Table 2.

Researchers have investigated the various occurrences of mineral matter in coal and their association
with organic matter/ constituents [61]. Pyrite is a significant source of many trace and heavy metals,
particularly in Tertiary coals and lignite [62]. In addition, pyrite exists in clausthalite (PbSe), and ferroelite
(FeSO) absorbed in galena (PbS), in clays of coal, and also has an organic association [62]. Lead is attached
to sulfides, such as (PbS) and pyrite [63]. Copper (Cu) in coal occurs as a primary phase CuFeS2, while
associations of Cu with organic matter and carbonate are less common. In addition, most of the mobile
elements are associated with oxides (Ge, Mn, Mo, Se, V, W, and Zn) and salts like borates, sulphate, and
arsenates. When trace elements and heavy metals like Cd, Co, Cu, Ni, Pb, and Zn-bearing coal ash are
ponded or landfilled, they influence the environment depending on their mobility[64]. Querol et al. 1996
have discussed finer particulates (<2.5 pm), known as repairable particles, and Allsopp et al. 2001 have
investigated that ultrafine particles (<0.1 um) cause adverse effects on humans[65, 66]. E1-Mogazi et al.
1988 have expressed that toxic elements may mix with soil and get absorbed in the plants, and eventually
enter the body through the food chain and cause serious health problems[67].

There are several methods available, including the physicochemical processes involved in chemical
oxidation, reduction, chemical precipitation, complexation, and ion exchange. These methods are not
popular because they are costly and create secondary sludge problems[62].

Explosions, fire, asphyxiation, and mine falls are the most common hazards for miners and
environmental problems. Hundreds of miners around the world die due to such events each year. Lung
disease is another significant environmental problem of coal mines. Black lung is a common disease in
miners due to breathing polluted coal dust, as about 5 to 10 percent of miners suffer from this disease [68,
69]. Abundant sources of coal exist in China. Hence, more than 100 papers report the health effects of solid
fuel combustion in Chinese households; most of them have focused on coal usage both in urban and rural
populations [58]. Nowadays, some countries like America have rigid regulations towards using special
ventilation equipment to reduce dust in mines[70]. Generally, about 1 to 7 mg/m3 of coal dust in the air
would cause diseases such as black lung, lung cancer, prostate cancer, and cyclosis. Therefore, rigid laws
are necessary to protect miners’ health.
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Table 2. Environmental impacts of elements in coal and the maximum allowable concentration of toxic minerals
chemicals (these measurements were retrieved from experiments and a recent study).

Row Compound  Maximum Impacts
limit(mg/L)
1 As 0.01 Adsorbed through the skin, it ought up globin and hemoglobin in

the erythrocyte, Arsenic in its trivalent form is more toxic than its
pentavalent form, associated with vomiting, and diarrhea severe
throat and nasal irritation and eventually dead.

2 Pb 0.01 Cause similar impacts as, but leads to a more severe impact on
human health

3 Cr 0.05 Carcinogenicity possibility, dyspraxia, and neurological disorders

- Se 0.01 An excess of it in animals, causes abnormalities and diseases.

5 Cd 0.003 It causes vomiting, diarrhea, pain, and alertness, delay in bone

growth, increase in blood pressure, and carcinogenicity possibility.
Breathing would cause cough, bronchitis, and muscle

complications.

6 Sb 0.02 Cause similar impacts as arsenic, but leads to more severe effects
on human health

7 Hg 0.006 Cause neurological disorders

8 Ni 0.07 Cause lung cancer and nasal cancer

9 Ba 0.7 In different tissues of the body, the spleen and blood vessels leave

insoluble sediment. When it reaches the maximum allowed limit, it
leads to salivation, vomiting, diarrhea, and, in some cases, causes
cancer and trembling in the nervous system.

3. Clean Coal Technology (CCT)

Clean coal technologies are needed to utilize coal in an environmentally acceptable way and to improve
coal utilization efficiency[71]. The importance of coal will continue in the future because it is a primary
source of energy and carbon. Coal demand is expected to increase by 50% by 2030 [72]. If the adverse
effects of coal on the environment are handled successfully, it can have a bright future. The development
of energy supply and utilization technologies has made considerable progress in increasing coal efficiency
and decreasing environmental impacts.

The development of clean coal technology (CCT) is an essential issue to remain environmentally clean.
The environmental impacts of coal can be reduced by increasing the efficiency of the combustion process
through many technological options [73]. As mentioned before, sulphur oxides, nitrogen oxides, and
particulate matter (PM) emissions from coal are the primary pollution sources in the world. These came
from the direct combustion of coal or went through all kinds of coal utilization (including direct combustion
emission and emission from coke stoves and other industrial furnaces) [74]. Therefore, the development
and deployment of clean coal technologies are crucial to promoting sustainable development in the world.

As mentioned, coal combustion leads to the emission of particulate matter (PM) into the atmosphere
[75]. The formation of particulate matter (PM) can be decreased with ESPs (electrostatic precipitators), wet
scrubbers, inertial collectors (cyclonic separators), and baghouses with FFs. The most valid among these
technologies is ESP [76]. ESP (electrostatic precipitator) is a particulate control device used in modern
pulverized-coal-fired power plants and in the cement industry. FFs or baghouses are widely used in the
general industry [9]. Fig. 2 shows some control methods for PM [77, 78].
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Fig. 2. Control methods of fine particles during coal combustion [77, 78].

Researchers declare that developed coal combustion technologies, such as fluidized bed combustion
(FBC) and integrated gasification combined cycle (IGCC), are used as ultraclean coal techniques [79].
Researchers introduced and discussed the developing CCTs in Japan, including high efficiency combustion
technologies, advanced gasification technologies, (CO) recovery and utilization technologies, and flue gas
cleaning technologies[80]. Clean coal technologies included Integrated gasification combined cycle
(IGCC) with carbon capture, the Rankine cycle, the Brayton cycle, combined cycle, advanced pulverized
coal-fired plants, advanced ultra-supercritical coal-fired plants, oxy-fuel firing in pulverized coal-fired
boilers, supercritical fluidized-bed boilers, oxy-coal firing in fluidized-bed boilers, and combined cycle
power
plant. Fig. 3 shows three approaches for capturing carbon dioxide from Coal Power Plants [74, 81-84].
Integrated gasification combined cycle (IGCC) technology generates gas from coal for use in a gas turbine,
rather than direct coal combustion. It can use the broadband of different solid fuels with high efficiency.
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Fig. 3. Schematic diagram of CO2 Capture technologies.
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Since the 1970s, in Japan, most pulverized coal-fired power generation plans have been equipped with
wet limestone and gypsum-based desulfurization systems, selective catalytic reduction (SCR) de NOx
process, and an electrostatic precipitator for particulate treatment [80]. Table 3 summarizes the main SOx
and NOx reduction technologies in parts of the world. Coal transformation technologies, IGCC (integrated
gasification combined cycle), and carbon capture and storage (CCS) were developed in China [71].
Researchers explain pollution control in coal-fired power plants. Electrostatic precipitators (ESPs) and flue
gas desulfurization (FGD) units were installed in most coal-fired power plants, and selective catalytic
reduction (SCR) units were installed in 80% of coal-fired power plants by 2014 [74]. The control
technology for SO emissions is pre-combustion desulphurization of coal. This process uses microbial
entities in controlled conditions [9, 85].

Another technique to reduce SOx emissions includes flue gas desulfurization with different
classifications of FGD, including wet and dry methods, expressing the production of waste in the form of a
wet slurry or dry material, respectively. Most coal-burning power plants now contain NO controls in the
form of Low NO Burner Technology (LNBT), the over-fire air (OFA) technique, or a combination of both.
Two secondary NOx control technologies are usually used to create combustion conditions that reduce the
amount of N2x (from the air) oxidized to NO and generally have an efficiency up to 40—60 % (relative to
uncontrolled emissions). A new technology, selective catalytic reduction (SCR), has more recently been
added, often in combination with LNBT or over-fire air, to many plants to increase removal efficiencies
(>90 % NO reductions). SCR involves a catalyst and the addition of a reagent, ammonia (NH3), that
promotes the reduction of NOx to nitrogen and water [86]. Fig. 4 shows the Selective contact reduction
(SCR) method for NOx removal.

Table 3. SOx and NOx reduction technologies.

Technology Features
Soot-separation A dust tower is installed upstream
process: for dust collection and HCLHF
removal
High-purity gypsum can be
obtained
High cost
Wet limestone Water-mixed limestone Soot-mixed Low cost
Zypsum process slurry as SO absorption process
material Without a dust
tower installed
50z | Coal-ash-based dry = The absorbent is from coal S0 removal efficiency: 90%
desulfurization ash, limestone, calcinm NOx removal efficiency: 20%
process hydroxide and spent Dust collection efficiency: 96%
absorbent
Spray dryer process  Water is added to bumed Desulfurization reaction and
lime to make Ca (OH) slurry limestone drying
for SO occur simultaneously
chemical absorption High-quality gypsum can be
obtained
Furnace Limestone mixed with coal
desulfurization for desulfurization
Process
Selective catalytic Ammonia (NH) 1s blown NOx is decomposed to H20 and N2
reduction process into the exhaust gas. and Grid- or plate-like catalyst is used.
reacts with NOx over the The catalyst is mainly comprising
catalyst. of TiO:, doped with active
ingredients such as vanadium and
tungsten.
Catalytic reaction temperatuge: 350
*C
NOx removal efficiency: 80%—90%
NOz | Selective non- NH3 is blown into the NO=x removal efficiency is not so
catalytic reduction exhaust gas at 850-950 °C high.
process
Radical injection Argon plasma is injected High cost
method into NH3, generating NH;
plasma and other plasmas,
which can decompose NOx
into N2 and H10 effectively
(NO=x concentration < 10 =
10*6)
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Fig. 4. Selective contact reduction (SCR) method for NOx removal.

Clean coal technologies included Integrated gasification combined cycle (IGCC) with carbon capture,
the Rankine cycle, the Brayton cycle, the combined cycle, advanced pulverized coal-fired plants, advanced
ultra-supercritical coal-fired plants, oxy-fuel firing in pulverized coal-fired boilers, supercritical fluidized-
bed boilers, oxy-coal firing in fluidized-bed boilers, combined cycle power plant. Researchers explain early
all power plants in the US and Canada use baghouse filters or electrostatic precipitators (ESP) with removal
efficiencies up to 99.9 % [86].

4. Conclusions

Nowadays, coal energy is a significant phenomenon in the research and development of new
technologies. Despite its profound impact on health and the environment compared to other fuels, it is still
expected that coal will account for a significant portion of world energy consumption in the future.
Population growth and industrial development lead to an increase in coal consumption and, therefore,
remain the primary energy resource. Due to the increasing demand for coal products and to eliminate the
mentioned worries, coal quality improves through the use of modern technologies for clean coal production.
This research provides an overview of the environmental impact of coal. The efficient and clean use of coal
is the main subject of this study. For this purpose, the potential environmental impact should be identified
in scientific studies before extraction and processing; scientific methods should be used to prevent or
minimize environmental impacts, using technologies that increase fuel efficiency and decrease emissions
of harmful gases and particulate matter from power plants.

Ethical Considerations
The authors avoided data fabrication, falsification, and plagiarism, and any form of misconduct.

Funding
This research did not receive any specific grant from funding agencies in the public, commercial, or not-
for-profit sectors.

Conflict of Interest
The authors declare no conflict of interest.

References

[1] Tiwary, R.K. (2001). Environmental impact of coal mining on water regime and its management. Water,
Air, and Soil Pollution. 132: 185-199. https://doi.org/10.1023/A:1012083519667

53



Soleimanpour Moghadam and Azadmehr Journal of Environment and Sustainable Mining Vol.1 No.1 (2025) 44-59

[2] Burgess, A. (2015). Climate Change and the RMA: Consideration of Greenpeace New Zealand
Incorporated v Genesis Power Ltd and West Coast Ent Inc v Buller Coal Ltd. A dissertation submitted
in partial fulfilment of the degree of Bachelor of Laws with Honours at the University of Otago,
Dunedin, New Zealand.

[3] Thiruvenkatachari, R., Younes, M., Su, S. (2011). Coal mine site investigation of wastewater quality in
Australia. Desalination and Water Treatment, 32(1): 357-364. https://doi.org/10.5004/dwt.2011.2722

[4] Jenner, S., Lamadrid, A.J. (2013). Shale gas vs. coal: Policy implications from environmental impact
comparisons of shale gas, conventional gas, and coal on air, water, and land in the United States. Energy
Policy, 53: 442-453. https://doi.org/10.1016/j.enpol.2012.11.010

[5] Acharya, B.S., Kharel, G. (2020). Acid mine drainage from coal mining in the United States—An
overview. Journal of Hydrology, 588: 125061. https://doi.org/10.1016/j.jhydrol.2020.125061

[6] Gomes, C. Mendes, C. Costa, J. (2011). The environmental impact of coal mining: a case study in
Brazil's  Sangdo  watershed. Mine Water and the  Environment, 30: 159-168.
https://doi.org/10.1007/s10230-011-0139-3

[7] Bilgen, S. (2016). Pollution control techniques and technologies for cleaner coal. Energy Sources, Part
A: Recovery, Utilization, and Environmental Effects, 38: 3283-3289.
https://doi.org/10.1080/15567036.2016.1152327

[8] Squillace, M. (1990). The Strip Mining Handbook: A Coalfield Citizens' Guide to Using the Law to
Fight Back Against the Ravages of Strip Mining and Underground Mining, Environmental Policy
Institute and Friends of the Earth, E.P. Institute, F.o.t. Earth.

[9] Bilgen, S. (2016). The effects of chemical characteristics of coal on coal-based industry. Energy
Sources, Part A: Recovery, Utilization, and Environmental Effects, 38: 3308-3314.
https://doi.org/10.1080/15567036.2016.1141269

[10] Aswathanarayana, U. (2003). Mineral resources management and the environment, CRC Press.
https://doi.org/10.1201/9780203971222

[11] Best, G.A., Aikman, D.T. (1983). The treatment of ferruginous groundwatwer from an abandoned
colliery. water pollution control, 82: 557-566.

[12] Singh, R.N. and Basu, B. (1994). Comparison of darcy s law and ficks law of diffusion to determine
the field parameters related to methane gas drainage in coal seams. University Press, Wollongong.
290.

[13] Bell, F.G., Kerr, A. (1993). Coal mining and water quality with illustrations from Britain.
Environmental management geo-water and engineering aspects: proceedings of International
Conference Wollongong, New South Wales, Australia, 8-11 February, 607-614.

[14] Mishra,V K., Upadhyaya, A.R., Pandey,S.K., Tripathi, B.D. (2008). Heavy metal pollution induced
due to coal mining effluent on surrounding aquatic ecosystem and its management through naturally
occurring aquatic macrophytes. Bioresource Technology, 99(5): 930-936.
https://doi.org/10.1016/j.biortech.2007.03.010

[15] Soleimanpour Moghadam, N., Azadmehr, A., Hezarkhani, A. (2020). Improving the
6-Aminopenicillanic acid release process using vermiculite-alginate biocomposite bead on drug
delivery system. Journal of Dispersion Science and Technology, 47(9):1489-1501.
https://doi.org/10.1080/03639045.2021.2001492

[16] Agah, A. and Soleimanpourmoghadam, N. (2020). The design and implementation of prediction of
heavy metals in acid mine drainageu sing multi-output adaptive neuro-fuzzy inference systems
(ANFIS) - a case study. International Journal of Mining and Geo-Engineering. 54: 59-64.
https://doi.org/10.22059/ijmge.2019.278558.594794

[17] K. Saha, B.S. Butola, M. Joshi (2014). Drug release behavior of polyurethane/clay nanocomposite:
Film vs. nanofibrous web. Journal of Applied Polymer Science, 131(19): 40824.
https://doi.org/10.1002/app.40824

[18] Akcil, A. and Koldas, S. (2006) Acid Mine Drainage (AMD): causes, treatment and case studies,
Journal of Cleaner Production, 14(12-13): 1139-1145. https://doi.org/10.1016/j.jclepro.2004.09.006

54



Soleimanpour Moghadam and Azadmehr Journal of Environment and Sustainable Mining Vol.1 No.1 (2025) 44-59

[19] Blowes, D.W., Ptacek, C. J., Jambor, J. L., Weisener, C. G. (2003). The geochemistry of acid mine
drainage. Treatise on Geochemistry, 9: 149-204.
https://doi.org/10.1016/10.1016/B0-08-043751-6/09137-4

[20] Neculita,C.-M., Zagury,G.J., Bussiére, B. (2007). Passive Treatment of Acid Mine Drainage in
Bioreactors using Sulfate-Reducing Bacteria. Journal of Environmental Quality, 36(1): 1-16.
https://doi.org/10.2134/jeq2006.0066

[21] Sanchez-Andrea, 1., Sanz, J.L., Bijmans, M.F.M., Stams, A.J.M. (2014). Sulfate reduction at low pH
to remediate acid mine drainage. Journal of Hazardous Materials, 269: 98-109.
https://doi.org/10.1016/j.jhazmat.2013.12.032

[22] Tao, X., Wu, P., Tang, C., Liu, H., Sun, J. (2012). Effect of acid mine drainage on a karst basin: a case
study on the high-As coal mining area in Guizhou province, China. Environmental Earth Sciences.
65: 631-638. https://doi.org/10.1007/s12665-011-1110-0

[23] Lottermoser, B.G. (2011). Recycling, Reuse and Rehabilitation of Mine Wastes. Elements, 7 (6): 405—
410. https://doi.org/10.2113/gselements.7.6.405

[24] Molson, J.W., Fala, O., Aubertin, M., Bussi¢re, B. (2005) Numerical simulations of pyrite oxidation
and acid mine drainage in unsaturated waste rock piles. Journal of Contaminant Hydrology. 78(4):
343-371. https://doi.org/10.1016/j.jconhyd.2005.06.005

[25] Chen, Y.-T., Li, J.-T., Chen, L.-X., Hua, Z.-S., Huang, L.-N., Liu, J., Xu, B.-B., Liao, B., Shu,W.-S.
(2014). Biogeochemical Processes Governing Natural Pyrite Oxidation and Release of Acid
MetalliferousDrainage. Environmental Science & Technology, 48(10): 5537-5545.
https://doi.org/10.1021/es500154z

[26] Malakooti, S.J., Tonkaboni, S.Z.S., Noaparast, M., Ardejani, F.D., Naseh, R. (2013). Characterisation
of the Sarcheshmeh copper mine tailings, Kerman province, southeast of Iran. Environmental Earth
Science. T1(5): 2267-2291. https://doi.org/10.1007/s12665-013-2630-6

[27] Ardejani F.D., Shokri B.J.,, Moradzadeh A., Soleimani E., Jafari M.A. (2008) A combined
mathematical geophysical model for prediction of pyrite oxidation and pollutant leaching associated
witha coal washing waste dump. International Journal of Environmental Science and Technology,
5(4), 517-526.
https://doi.org/10.1007/BF03326049

[28] Lottermoser, B. (2007). Mine Wastes (Characterization, Treatment and Environmental Impacts).
Springer, Berlin, Heidelberg. https://doi.org/10.1007/978-3-662-05133-7

[29] Schippers, A., Kock, D., Schwartz, M., Bottcher, M.E., Vogel, H. Hagger, M. (2007)
Geomicrobiological and geochemical investigation of a pyrrhotite-containing mine waste tailings dam
near Selebi-Phikwe in Botswana. Journal of Geochemical Exploration, 92 (2-3): 151-158.
https://doi.org/10.1016/j.gexplo.2006.08.003

[30] Williams, R. E. (1975). Waste production and disposal in mining, milling, and metallurgical industries.
Miller-Freeman Publishing Company, San Francisco. p 485.

[31] Gholami R, Ziaii M, Ardejani FD, Maleki Sh (2011) Specificationand prediction of nickel mobilization
using artificial intelligencemethods. Open Geosciences, 3(4):375-384.
https://doi.org/10.2478/s13533-011-0039-x

[32] Botin, J.A. (2009). Sustainable management of mining operations. Printed in the United States of
America.

[33] Smuda, J., Dold, B., Friese, K., Morgenstern, P., Glaesser, W. (2007) Mineralogical and geochemical
study of element mobility at the sulfide-rich Excelsior waste rock dump from the polymetallic Zn—
Pb—(Ag-Bi—Cu) deposit, Cerro de Pasco, Peru. Journal of Geochemical Exploration. 92(2-3): 97-110.
https://doi.org/10.1016/j.gexplo.2006.08.001

[34] Moncur, M.C., Ptacek, C.J., Blowes, D.W., Jambor, J.L. (2005). Release, transport and attenuation of
metals from an old tailings impoundment. Applied Geochemistry, 20(3): 639-659.
https://doi.org/10.1016/j.apgeochem.2004.09.019

55


https://doi.org/10.2134/jeq2006.0066
https://doi.org/10.1016/j.jconhyd.2005.06.005
https://doi.org/10.1016/j.gexplo.2006.08.003
https://doi.org/10.2478/s13533-011-0039-x

Soleimanpour Moghadam and Azadmehr Journal of Environment and Sustainable Mining Vol.1 No.1 (2025) 44-59

[35] Wilson, B., Lang, B., Brian Pyatt, F. (2005). The dispersion of heavy metals in the vicinity of Britannia
Mine, British Columbia, Canada. Ecotoxicology and Environmental Safety, 60(3): 269-276.
https://doi.org/10.1016/j.ecoenv.2004.04.005

[36] Lee, J.S., Chon, H.T. (2006). Hydrogeochemical characteristics of acid mine drainage in the vicinity
of an abandoned mine, Daduk Creek, Korea. Journal of Geochemical Exploration, 88(1-3): 37-40.
https://doi.org/10.1016/j.gexplo.2005.08.012

[37] Dinelli, E., Lucchini, F., Fabbri, M., Cortecci, G. (2001). Metal distribution and environmental
problems related to sulfide oxidation in the Libiola copper mine area (Ligurian Apennines, Italy).
Journal of Geochemical Exploration, 74(1-3): 141-152.
https://doi.org/10.1016/S0375-6742(01)00180-7

[38] Canovas, C.R., Olias, M., Nieto, J.M., Sarmiento, A.M., Ceron, J.C. (2007) Hydrogeochemical
characteristics of the Tinto and Odiel Rivers (SW Spain). Factors controlling metal contents. Science
of The Total Environment, 373(1): 363-382. https://doi.org/10.1016/j.scitotenv.2006.11.022

[39] Plante, B., Bussiére, B., Benzaazoua, M. (2014). Lab Tofield Scale Effects on Contaminated Neutral
Drainage Prediction from the TIO Mine Waste Rocks. Journal of Geochemical Exploration, 137: 37-
47. https://doi.org/10.1016/j.gexplo.2013.11.004

[40] Matsumoto, S., Shimada, H., Sasaoka, T., Matsui, K. (2014). Study on the Water Quality Prediction
of Acid Mine Drainage from Many Different Perspectives in: Drebenstedt, C., Singhal, R., (Eds.),
Mine Planning and Equipment Selection, Springer International Publishing, pp. 823-831.

[41] Pabst, T, Aubertin, M, Bussiére, B & Molson, J. (2014). Column Tests to Characterise the
HydrogeochemicalResponse of Pre-oxidised Acid-Generating Tailings with a Monolayer Cover.
Water, Air, &Soil Pollution, 225(2): 1-21. https://doi.org/10.1007/s11270-013-1841-5

[42] Gomo, M., Vermeulen, D. (2014). Hydrogeochemical characteristics of a flooded underground coal
mine groundwater system. Journal of African Earth Sciences, 92: 68-75.
https://doi.org/10.1016/].jafrearsci.2014.01.014

[43] Graupner, B.J., Koch, C., Prommer, H., (2014) Prediction of diffuse sulfate emissions from a former
mining district and associated groundwater discharges to surface waters. Journal of Hydrology, 513:
169-178. https://doi.org/10.1016/j.jhydrol.2014.03.045

[44] Zabcic, N., Rivard, B. Ong, C., Mueller, A. (2014). Using airborne hyperspectral data to characterize
the surface pH and mineralogy of pyrite mine tailings. International Journal of Applied Earth
Observation and Geoinformation. 32: 152-162. https://doi.org/10.1016/j.jag.2014.04.008

[45] Alhamed, M., Wohnlich, S. (2014). Environmental impact of the abandoned coal mines on the surface
water and the groundwater quality in the south of Bochum, Germany. Environmental Earth Sciences,
72(9): 1-17. https://doi.org/10.1007/s12665-014-3230-9

[46] Gerke, H.H., Molson, J.W., Frind, E.O. (2001). Modelling the impact of physical and chemical
heterogeneity on solute leaching in pyritic overburden mine spoils. Ecological Engineering, 17(2-3):
91-101. https://doi.org/10.1016/S0925-8574(00)00150-6

[47] Doulati Ardejani, F., Jodeiri Shokri, B., Bagheri, M., Soleimani, E. (2010). Investigation of pyrite
oxidation and acid mine drainage characterization associated with Razi active coal mine and coal
washing waste dumps in the Azad shahr—Ramian region, northeast Iran. Environmental Earth Sciences
61(8): 1547-1560. https://doi.org/10.1007/s12665-010-0469-7

[48] lakovleva, E., Mékil4, E., Salonen, J., Sitarz, M., Wang, S., Sillanpdé, M. (2015). Acid mine drainage
(AMD) treatment: Neutralization and toxic elements removal with unmodified and modified
limestone. Ecological Engineering, 81: 30-40. https://doi.org/10.1016/j.ecoleng.2015.04.046

[49] lakovleva, E., Mikila, E., Salonen, J., Sitarz, M., Sillanpad, M. (2015). Industrial products and wastes
as adsorbents for sulphate and chloride removal from synthetic alkaline solution and mine process
water. Chemical Engineering Journal, 259: 364-371. https://doi.org/10.1016/j.cej.2014.07.091

[50] D'Costa, K. (2015). Seawater sulfate removal with nanofiltration.Filtration + Separation, 52(2): 22-24.
https://doi.org/10.1016/S0015-1882(15)30089-6

56


https://doi.org/10.1016/j.gexplo.2005.08.012
https://doi.org/10.1016/j.jafrearsci.2014.01.014
https://www.researchgate.net/journal/Environmental-Earth-Sciences-1866-6299?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://doi.org/10.1016/j.ecoleng.2015.04.046
https://doi.org/10.1016/S0015-1882(15)30089-6

Soleimanpour Moghadam and Azadmehr Journal of Environment and Sustainable Mining Vol.1 No.1 (2025) 44-59

[51] lakovleva, E., Maydannik, P., Ivanova, T.V., Sillanpdi, M., Tang, W.Z., Mikil4, E., Salonen, J., Gubal,
A., Ganeev, A.A., Kamwilaisak, K., Wang, S., (2016) Modified and unmodified low-cost iron-
containing Soleimanpour Moghadam and Azadmehr Journal of Environment and Sustainable Mining
Vol.1 No.1 (2025) 47-6160 solid wastes as adsorbents for efficient removal of As(IIl) and As(V) from
mine water. Journal of Cleaner Production, 133: 1095-1104.
https://doi.org/10.1016/j.jclepro.2016.05.147

[52] Paul, B., Dynes, J.J., Chang, W. (2017). Modified zeolite adsorbents for the remediation of potash
brine-impacted groundwater: built-in dual functions for desalination and pH neutralization.
Desalination, 419: 141-151. https://doi.org/10.1016/j.desal.2017.06.009

[53] Spellman, F.R. (2013). Handbook of Water and Wastewater Treatment Plant Operations (3rd ed.).
CRC Press. https://doi.org/10.1201/b15579

[54] Balat, M. (2007). Influence of Coal as an Energy Source on Environmental Pollution. Energy Sources,
Part A: Recovery. Utilization, and Environmental Effects, 29(7): 581-589.
https://doi.org/10.1080/15567030701225260

[55] Croiset, E., Thambimuthu, K. V. (2001). NOx and SO, emissions from O,/CO; recycle coal combustion.
Fuel, 80(14): 2117-2121. https://doi.org/10.1016/S0016-2361(00)00197-6

[56] Chamberlain, S., Reeder, T., Stimpson, C.K., Tree, D.R. (2013). A comparison of sulfur and chlorine
gas species in pulverized-coal, air- and oxycombustion. Combustion and Flame, 160: 2529-2539.
https://doi.org/10.1016/j.combustflame.2013.05.008

[57] Smith, K.R., Uma, R., Kishore, V., Zhang, J., Joshi, V., Khalil, M. (2000). Greenhouse Implications
of Household Stoves: An Analysis for India. Annual Review of Energy and the Environment. 25(1):
741-763. https://doi.org/10.1146/annurev.energy.25.1.741

[58] Zhang, J.J., Smith, K.R. (2007). Household Air Pollution from Coal and Biomass Fuels in China:
Measurements, Health Impacts, and Interventions. Environmental Health Perspectives, 115(6) :848-
855. https://doi.org/10.1289/¢hp.9479

[59] Zhang, J., Smith, K., Ma, Y., Ye, S., Jiang, F., Qi, W., Liu, P., Khalil, M., Rasmussen, R., Thorneloe,
S. (2000). Greenhouse Gases and other Airborne Pollutants from Household Stoves in China: a
Database for Emission Factors. Atmospheric Environment, 34(26): 4537-4549.
https://doi.org/10.1016/S1352-2310(99)00450-1

[60] You, C.F., Xu, X.C. (2010). Coal combustion and its pollution control in China. Energy, 35(11): 4467-
4472. https://doi.org/10.1016/j.energy.2009.04.019

[61] Singh, P., Singh, G., Naik, A. (2010). Petrological considerations for beneficiation of Indian coal.
Journal of Scientific Research, 54: 51-60. https://doi.org/10.1007/s12594-017-0673-0

[62] Singh, A.L., Singh, P.K., Kumar, A., Singh, M.P. (2015). Sequestration of Metals from Coal
UsingBacteria: Environmental Implications on Clean Coal Energy. Energy Sources, Part A:
Recovery, Utilization, and Environmental Effects, 37(13): 1432-1439.
https://doi.org/10.1080/15567036.2011.61963 1

[63] Goodarzi, F. (2002). Mineralogy, elemental composition and modes of occurrence of elements in
Canadian feed-coals. Fuel, 81(9): 1199-1213. https://doi.org/10.1016/S0016-2361(02)00023-6

[64] Sabbioni, E., Goetz, L., Bignoli, G. (1984). Health and environmental implications of trace metals
released from coal-fired power plants: an assessment study of the situation in the European
Community.Science of the total environment, 40(1): 141-154.
https://doi.org/10.1016/0048-9697(84)90348-6

[65] Querol, X., Juan, R., Lopez-Soler, A., Fernandez-Turiel, J., Ruiz, C.R. (1996). Mobility of
traceelements from coal and combustion wastes. Fuel, 75(7): 821-838.
https://doi.org/10.1016/0016-2361(96)00027-0

[66] Allsopp, M., Costner, P., Johnston, P. (2001). State of Knowledge of the Impacts of Waste Incinerators
on Human Health. Environmental Science and Pollution Research. 8(2): 141-145.
https://doi.org/10.1007/BF02987308

57


https://doi.org/10.1016/j.desal.2017.06.009
https://doi.org/10.1016/j.combustflame.2013.05.008
https://doi.org/10.1289/ehp.9479
https://doi.org/10.1016/S1352-2310(99)00450-1
https://doi.org/10.1016/S0016-2361(02)00023-6
https://doi.org/10.1016/0048-9697(84)90348-6

Soleimanpour Moghadam and Azadmehr Journal of Environment and Sustainable Mining Vol.1 No.1 (2025) 44-59

[67] El-Mogazi, D., Lisk, D.J., Weinstein, L.H. (1988). A review of physical, chemical, and biological
properties of fly ash and effects on agricultural ecosystems. Science of the Total Environment, 74: 1-
37. https://doi.org/10.1016/0048-9697(88)90127-1

[68] Chapman, R.S., Mumford, J.L., He, X., Harris, D.B., Yang, R., Jiang, W. (1989). Assessing Indoor
Air Pollution Exposure and Lung Cancer Risk in Xuan Wei, China. Journal of the American College
of Toxicology, 8941-948.

[69] Liu, Z., He, X., CHAPMAN, R.S. (1991). Smoking and other risk factors for lung cancer in Xuanwei,
China. International Journal of Epidemiology, 20(1): 26-31. https://doi.org/10.1093/ije/20.1.26

[70] Colinet, J.F., Rider, J.P., & Thimons, E.D. (2008). Controlling respirable dust in underground coal
mines in the United States. National Institute for Occupational Safety and Health, Pittsburgh,
Pennsylvania, United States.

[71] Chen, W., Xu, R. (2010). Clean coal technology development in China. Energy Policy, 38(5): 2123-
2130. https://doi.org/10.1016/j.enpol.2009.06.003

[72] Osborne, D. (2013). The Coal Handbook: Towards Cleaner Production. Volume 1: Coal Production.

[73] Suarez-Ruiz, 1., Crelling, J.C. (2002). Applied Coal Petrology: The Role of Petrology in Coal
Utilization. Elsevier. https://doi.org/10.1016/B978-0-08-045051-3.X0001-2

[74] Chang, S., Zhuo, J., Meng, S., Qin, S., Yao, Q. (2016). Clean Coal Technologies in China: Current
Status and Future Perspectives, Engineering, 2(4): 447-459.
https://doi.org/10.1016/J.ENG.2016.04.015

[75] Lu, J., Ren, X. (2014). Analysis and discussion on formation and control of primary particulate matter
generated from coal-fired power plants. Journal of the Air & Waste Management Association, 64(12):
1342-1351. https://doi.org/10.1080/10962247.2014.951744

[76] Sayem, A., Khan, M.M.K., Rasul, M., Amanullah, M., Hassan, N. (2015). Effects of Baffles on Flow
Distribution in an Electrostatic Precipitator (ESP) of a Coal Based Power Plant. Procedia Engineering,
105:529-536. https://doi.org/10.1016/j.proeng.2015.05.086

[77] Zhuo, J.K., Li, S.Q., Yao, Q., Song, Q. (2009). The progressive formation of submicron particulate
matter in a quasi one-dimensional pulverized coal combustor.Proceedings of the Combustion Institute,
32(2): 2059-2066.

[78] Yuan Y., Li, S., Yao, Q. (2015). Dynamic behavior of sodium release from pulverized coal combustion
by phase-selective laser-induced breakdown spectroscopy. Proceedings of the Combustion Institute
352339-2346.

[79] Steel, K.M., Patrick, J.W. (2004). Re-generation of hydrofluoric acid and selective separation of Si(IV)
in a process for producing ultra-clean coal. Fuel Processing Technology, 80(2): 179-190.
https://doi.org/10.1016/j.fuproc.2004.02.003

[80] Guan, G. (2017). Clean coal technologies in Japan: a review.Chinese Journal of Chemical Engineering,
25(6): 689-697. https://doi.org/10.1016/j.cjche.2016.12.008

[81] Herzog, H. (1999). An introduction to CO2 separation and capture technologies. Energy Laboratory
Working Paper.

[82] Gupta, M., Coyle, 1., Thambimuthu, K. (2003). CO2 capture technologies and opportunities in Canada,
Ist Canadian CC&S Technology Roadmap Workshop, 2003, p. 19.

[83] Bosoaga, A., Masek, O., Oakey, J.E. (2009). CO2 Capture Technologies for Cement Industry. Energy
Procedia, 1(1): 133-140. https://doi.org/10.1016/j.egypro.2009.01.020

[84] Leung, D.Y.C., Caramanna, G., Maroto-Valer, M.M. (2014). An overview of current status of carbon
dioxide capture and storage technologies. Renewable and Sustainable Energy Reviews, 39: 426-443.
https://doi.org/10.1016/j.rser.2014.07.093

[85] Pandey, R., Raman, V., Bodkhe, S., Handa, B., Bal, A. (2005). Microbial desulphurization of coal
containing pyritic sulfur in a continuously operated bench scale coal slurry reactor. Fuel, 84(1): 81-
87. https://doi.org/10.1016/j.fuel.2004.07.011

[86] Stevens, R. G., Pierce, J. R., Brock, C. A., Reed, M. K., Crawford, J. H., Holloway, J. S., Ryerson, T.
B., Huey, L. G. and Nowak, J. B. (2012). Nucleation and growth of sulfate aerosol in coal-fired power

58


https://doi.org/10.1016/j.proeng.2015.05.086
https://doi.org/10.1016/j.rser.2014.07.093
https://doi.org/10.1016/j.fuel.2004.07.011

Soleimanpour Moghadam and Azadmehr Journal of Environment and Sustainable Mining Vol.1 No.1 (2025) 44-59

plant plumes: sensitivity to background aerosol and meteorology. Atmospheric Chemistry and Physics,
12(1): 189-206. https://doi.org/10.5194/acp-12-189-2012

59



