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Ground Water Contamination in Coal Mining Areas:
A Critical Review

Shiv Kumar Gupta, Kumar Nikhil

Abstract— Ground water is becoming a major concern with
respect to surface and underground mining of coal in many state
of our country coal fields. Ground-water quality is being
addressed in this review paper. Despite the new emphasis placed
on ground water by regulatory authorities, the effects of coal
mining on ground water are still poorly understood. It is the
intention to elaborate on general aspects of ground water, and to
share with some results of research done in our country.

Index Terms—Ground water (GW), Mining and allied
activities, Contaminants, Permissible limit and Legal
boundaries.

I. INTRODUCTION

India is highly dependent on coal for meeting its commercial
energy requirements. India ranks the third largest coal
producer of the world next only to China and USA. Coal
mining in India was started in the year 1774 in the state of
West Bengal. At the beginning of 20th century, the total
production of coal was just about 6 million tonnes per year.
The production was 154.30 million tonnes in 1985-86 and it
reached 298 million tonnes in the year 1997-98. The
expectation to reach the production of coal by 2000 A.D. was
417 million tonnes (Coal India, 1997).

About 70% of India’s annual coal production is used in about
72 power generating plants and produce more than 90 million
tons of coal ash per year. It is likely that it may cross over 100
million tons during 2001-2010 AD (Muraka et al., 1987). The
impact of coal ash leachates on receiving waters, apart from
increased elemental concentrations cause changes in water pH
with implications for trace element mobility (Carlson and
Adriano, 1993).

Water is an essential commodity to living things and non
living things and it is important in all aspect of human life.
Water is used for domestic, industrial and other purposes
(Mohammed 2004 and Ladan 1997). Chemically, the
combination of oxygen and hydrogen forms water. As water
penetrates through the ground surface to the subsurface as
groundwater, impurities get into it. The public most especially
the rural dwellers consume well water without due
consideration of its chemical and biological composition.
Perhaps this may be due to severe water problems in parts of
the rural area. The quantities of water are just as important as
its quality (Todd, 1959). The exploitation of the mineral
resources results in the environmental degradation with large
scale consequences. Although mining activities directly
affects a relatively limited area of terrestrial land, its impacts
on the environment, as well as on public health, may be found
at greater distances from the source and for a long period

Shiv  Kumar Gupta, B.Tec.(Final) in Environmental Science &
Engineering, Department of Environment Science, Indian School of Mines,
Dhanbad, Jharkhand-826004, India. +91-8051112321 (M)

Dr. Kumar Nikhil, Principal Scientist, CSIR-CIMFR, Barwa Road,
Dhanbad-826001, Jharkhand, India. +91-9931135322(M)

69

(Ahanger et. al,. 2014; Boni et. al,. 1999; Balistrieri., et. al,.
1999).

Mining from exploration to the closing stage has a serious
impact on the environment. This impact can be direct through
the value chain activities, prospecting exploration, site
development, ore extraction, mineral dressing, smelting,
refining/metallurgy, transportation, post mining activities and
indirectly through the impact of the degradation on the
socio-cultural development of communities. In general,
degradation arising from mining includes; air pollution, water
pollution, land and forest degradation, noise pollution, solid
and liquid waste disposal of toxic substances, as well as
socio-cultural problems such as health complication,
conflicts, alcoholism, communal clash and inequality.

Rapidly deleting of groundwater supplies as a consequence of
continued  population growth and industrialization
threaten the quality of many aquifers in India. For evaluating
the  suitability = of  groundwater  for  different
purpose, understanding the chemical composition of
groundwater is necessary. Further, it is possible to
understand the change in quality due to rock-water
interaction (weathering) or any type of anthropogenic
inflence (Todd 1980, Kelly 1940). The defiition of
water quality is much depending on the desired use
of water. Therefore different uses require different
criteria of water quality as well as standard method
for reporting and comparing result of water analysis
(Babiker 2007). Access to safe drinking water
remains an urgent necessity, as 30 % of urban and
90 % of the rural Indian population still depends
completely on untreated surface or groundwater
resources (Kumar et al. 2005). Scarcity of clean and
potable drinking water has emerged in recent years
as one of the most serious developmental issues
in many parts of West Bengal, Jharkhand, Orissa,
Western Uttar Pradesh, Andhra Pradesh, Rajasthan
and Punjab (Tiwari & Singh 2014). The rate of
depletion of groundwater level and deterioration
of groundwater quality is of immediate concern in
major cities and towns of country (Meenkumari and
Hosmani 2003, Dhindsa et al. 2004, Ramakrishnaiah
et al. 2009: Jain et al. 2010; Singh et al. 2011; Singh
et al. 2012; Singh et al. 2013; Tiwari and Singh 2014,
Singh et al. 2014, Tiwari et al. 2014).

GROUND WATER IN COAL MINING AREA

The problems caused by mining activities are land
degradation, disposal of over burden, deforestation, washing
rejects, subsidence, water pollution due to wash off, discharge
of mine water, acid mine drainage, coal washing operation, air
pollution due to release of gases and dust, noise pollution,
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mine fires, damage to forest flora and fauna, wildlife habitat
destruction and occupational health hazards (Singh et.
al.2011 Ahanger et. al,. 2011)

Mining is a major anthropogenic activity causing water
pollution and environmental degradation (Allen, et. Al.,1996;
Choubey,1991;Galero, et. al.,1998; Ratha and VVenkataraman,
1997).

Groundwater, which is the most important sources of water
in  semi-arid region of Bundelkhand is currently
overexploitation and threatened by mining activities.
Groundwater in hard-rock aquifers, particularly in mining
areas, is known to be vulnerable to quality problems that
may have serious impact on human health. In general,
mining has impacts on all elements of the environment, its
point and diffuse source pollution presents catchment-scale
and transponder impacts. Mine disposals including dumps
and tailings piles are a ubiquitous feature of both surface and
underground mining. Open cast mining operations and the
resultant huge overburden dumps leads to numerous
devastating environmental effects, of them water pollution is
considered an important one. Water pollution in mining
areas can occur in two basic ways — physically and
chemically. Physical impact mainly results from silting in the
surface water bodies. Deterioration in drinking water quality
is a serious human health issue. Mining activities are known
to release both major and trace elements into the
environment. Trace elements or the heavy metals are
classified among the most dangerous groups of pollutants
due to their toxicity and persistence in the environment
(Nyarko, et. al., 2008 and Carreras, et. al., 2009). Metals in
the contaminated soils and water may reach
human body through agricultural products (Rulkens, et.
al.,1998; Sponza and Koraoglu, 2002; Haroon, et. al., 2010).
Leaching of heavy metals from the mine spoils is possible
during the rainy season thereby contaminating the
groundwater.

I\VV. SOURCE OF GROUND WATER CONTAMINATION

Mohanty et al. (2001) studied the sequential leaching of
trace elements in coal from Talcher coalfields from Seam |
of Deulbeda colliery and Seam Il of Jagannath colliery and
concluded that the trace elements are mostly bonded to
soluble oxides and sulphide minerals present in the coal.
Fang et al. (2003), have shown how the trace element from
coal mining activities contaminates the ecosystem of Badao
Bone coal mine in China. Bonacci (1995) has shown the
behaviour of karsts in groundwater system. Ebraheem et al.
(1990) studied the acid mine drainage, which is formed
during the process of mining, by using earth resistivity
measurements. Charles (1998) and Jaynes et al. (1984)
have described the effect of sewage sludge on groundwater. at
a reclaimed coal mine. Rushton and Redshaw (1979) have
shown how the seepage will occur in the aquifer system and
contaminant migrates with groundwater flow system.
The main source of potable water in the area is
groundwater, which is tapped by shallow dugwells, and deep
borewells. Groundwater is valuable only when its quality
is suitable for which it is being explored. Suitability of
groundwater/surface water for a particular purpose depends
upon the acceptable water quality standards for which it is
being used (WHO, 1984; USPHA, 1993).

In coal mining and industrial areas, the surface and ground
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water is usually polluted and contaminated. In such areas,
water is being contaminated by overburden dump. Surface
impoundments, artificial recharge, waste disposal in wet
excavation, mine water, industrial effluents, acid mine
drainage, tailing pods, etc. (Chandra, 1992). The water bodies
of this area are the greatest victims of such operations
(Abishek, et.al., 2006). Several environmentalist have studied
environmental impact of coalmining across the globe
(Chadwick et.al., 1987; Filho,1994; Tiwary and Dhar, 1994;
Tiwary, 2001; Swer and Singh, 2004). The effluents of coke
oven plants and coal beneficiation plants result water
pollution. The coal washeries discharges effluents containing
coal fines from the sedimentation tanks pours into river or
stream causes environmental pollution (Tiwary and
Abhishek, 2004 & 2005).

V. HEAVY METAL POLLUTION

Coal mining activity in India started decades back,
since then the groundwater is getting affected with
coal mining, leachates generated from large number
of industrial waste and overburden dumps that are in
abundance around the mining areas, may reach the

groundwater and may adversely affect its quality
(Khan et al. 2005, Mohammad et al. 2010).
Groundwater contamination is one of the most
important  environmental problems in the present

world where metal contamination has major concern
due to its high toxicity even at low concentration
(Marcovecchio et al. 2007; Momodu and Anyakora
2010). Heavy  metals contamination in the
groundwater is one of the major issues in many fast
growing cities (Sundaray et al.,, 2006; Akoto et al.,
2008; Ahmad et al., 2010). Enhancement of heavy
metals contamination of the groundwater is one of
the serious environmental issues. Some of the heavy

metals considered as micronutrients become
detrimental to human health when their
concentrations  exceed the permissible level of
drinking water (Prasanna et al. 2011). Rapid

urbanization, especially in developing countries like
India has affected the availability and the quality of

the groundwater due to its overexploitation and
improper waste disposal, especially in urban areas
(Ramakrishnaiah  et.al. 2009). The weathering of
natural resources such as rocks bearing minerals is

one of the major causes of heavy metal contamination
in  groundwater;  anthropogenic  sources include
fertilizers, industrial effluent and leakage from service
pipes. Heavy metals occur in the earth’s crust and
may get solubilised in ground water through natural
processes. Moreover, groundwater can get
contaminated  with  heavy metals from landfill
leachates, seawage leachates from mine tailings, deep
well  disposals of liquid wastes, seepage from
industrial waste lagoons or from industrial spills and
leaks. Usually in unaffected environments, the concentration
of most of the metals is very low and is mostly derived from
the mineralogy and the weathering (Karbassi et al.,
2008). Main anthropogenic sources of heavy metal
contamination are mining, disposal of untreated and
partially treated effluents contain toxic metals, as well
as metal chelates from different industries and
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indiscriminate use of heavy metal-containing
fertilizer and pesticides in agricultural fields (Hatje et

al., 1998; Amman et al., 2002; Nouri et al., 2006;
Nouri et al., 2008). However, public ignorance of
environment and related considerations, lack of
provisional  basic  social  services, indiscriminate
disposal of increasing anthropogenic wastes,
unplanned application of  agrochemicals, and
discharges of improperly treated sewage/industrial
effluents; result in excess accumulation of pollutants
on the land surface and contamination of water

resources (Tiwari et al. 2013; Singh et al. 2014). The
studies carried out by wvarious researchers on water
quality by using different water quality indices across
India, including Jharkhand (Giri et al. 2010; Giri et
al. 2012; Singh et al 2013a, Prasad et al. 2014, Tiwari
et al. 2014, Singh et al. 2014). Scarcity of clean and
potable drinking water has emerged in recent years as
one of the most serious developmental issues in many
parts of West Bengal, Jharkhand, Orissa, Western
Uttar  Pradesh, Andhra Pradesh, Rajasthan and
Punjab (Tiwari & Singh 2014).

VI. LEGAL ASPECTS OF GROUND WATER POLLUTION

Surface mine operators and companies are concerned about
ground water with respect to their legal obligations for
protection of groundwater quality and quantity. First, there
are requirements for certain data and plans in the surface
mining permit application. Second, there will be monitoring
requirements during surface mining, and third, there are water
quality standards which must not be violated. Only water
quality standards will be reviewed in detail.

Concerning information needed for the mining permit, the
following quality information is required or will soon
probably be required of surface: (1) pre-mining surveys of
ground water, including sampling of all water supply wells
and springs within 10km. of the mine site, and chemical
analyses of these waters for at least pH, total suspended
solids, iron, and manganese; (2) characterization of water
quality for each aquifer between land surface and the lowest
mined coal (including the aquifer just beneath this coal), for
pH, suspended solids, iron, and manganese. If wells or springs
are not available for sampling and analysis to represent some
aquifers, then new wells must be drilled; (3) description of
how the potential for ground-water pollution will be
minimized, and what pollution is likely to occur; (4) a plan for
treatment of pond, pit, or stream waters before they infiltrate,
to correct future ground-water pollution should it occur; (5)
identification of alternate water-supply sources for
ground-water users whose present supplies may become
polluted; and (6) a plan for ground-water quality monitoring,
involving wells, to be implemented where future pollution is
judged probable for areas within 10km. of the mine site. It is
likely that easily-pollutable ground water at springs and wells
will have to be monitored at least once every three months, for
at least pH, total suspended solids, iron, and manganese.
Probably at least one new well will have to be drilled downhill
from the mine site, if no other nearby wells are present.

VII.

Several actions can be taken to lessen the chances of
ground-water pollution occurring because of surface mining.

PREVENTIVE AND CORRECTIVE MEASURES
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Ground water should be directed away from the mine site both
during and after mining, where possible. This objective
should be easier to achieve for contour mines than for area
mines. In contour mines, drainage pipes can be installed in
ditches dug at the foot of the high walls just prior to
reclamation. This will result in lower water tables after
reclamation, and less ground-water contact with fill material.
Ground-water drainage could then be directed in pipes
towards a nearby stream channel. Another approach would be
to install an impermeable barrier in the backfill material, a few
feet below the surface. This would have the effect of directing
infiltrating rainfall downslope away from the mine and buried
toxic overburden. Where possible, surface mining should be
kept at least 2km away from any well or spring water supply,
especially those supplies located downhill from the mine.
Also, all bore holes created by coring operations and all old
abandoned wells should be filled with concrete grout at the
mine site during mining. Otherwise, polluted mine drainage
may recharge aquifers underlying the mine. Likewise, wells
drilled near the mine to monitor ground water should be
grouted following mine reclamation.

Certain corrective measures can be taken after ground-water
pollution is detected. One should first locate and stop
discharges from specific pollution sources on the surface
mine site, if possible, before reclamation is completed. This
could include channeling mine surface water into treatment
ponds that are lined with impermeable bottoms. Second, new
water supplies should be located for persons whose wells or
springs have become polluted. The most dependable water
supply would be piped water from a water service district. If
piped water is too far away to be economically feasible, then
the choices would be a new well, a cistern or a nearby spring.
Of these, a new well is definitely preferable. It should be
located as far away from the mine as possible and away from
other potential pollution sources such as septic tanks, acid
streams and other mines; it should also be properly
constructed and sealed, and have enough casing to seal off the
upper shallow ground-water zone. If possible, a deeper
aquifer with potable ground water should be tapped for a
water supply. New well drilling and construction should be
handled by an experienced water-well driller.

VIIl. GROUND WATER QUALITY

The overall quality of the water is regulated by the Indian
standard IS 10500 (2012) by BIS.

pH: pH is important parameter, which determines the
suitability of water for various purposes having desirable limit
i.e., 6.510 8.5 as specified by 1S 10,500.

e Calcium: The desirable limit and permissible limit of
calcium for drinking water as specified by IS: 10,500 is to be
within 75 mg/l to 200 mg/I.

e Magnesium: The desirable limit and permissible limit of
magnesium for drinking water as specified by IS: 10,500 is,
30mg/1 to 100 mg/l.

o Sulphate: The desirable limit is 200-400mg/I.

e TDS (Total Dissolved Solid): Total dissolved solids
permissible limit 500-2000mg/I.

o Alkalinity: The standard desirable limit of alkalinity of
potable water is 120 mg/l and the maximum Permissible level
is 600 mg/l for drinking water as specified by IS: 10,500.
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o Hardness: The desirable limit and permissible limit of total
hardness value for drinking water as specified by 1S: 10,500
is to be within 300 mg/I to 600 mg/I.

o Nitrate: According to Is 10,500 the desirable and
permissible limit for nitrate in drinking water is 45 mg/Il and
100 mg/l.

e Fe (Iron): The desirable and permissible limit of Fe for
drinking water as specified by IS: 10,500 is to be within 0.3
mg/l to 1 mg/l.

o Turbidity: The desirable limit and permissible limit of
Turbidity for drinking water as specified by IS: 10,500 is to be
within 5 NTU to 10 NTU.

e Fluoride: The desirable limit and permissible limit of
Fluoride for drinking water as specified by IS: 10,500 is to be
within 1 mg/l to 1.5 mg/I.

o Chloride: The desirable limit and permissible limit of
Fluoride for drinking water as specified by 1S: 10,500 is to be
within 1 mg/l to 1.5 mg/I.

IX. CONCLUSION

The composition of ground water varies widely with local
geological conditions. Neither groundwater nor surface
water has ever been chemically pure, since water contains
small amounts of gases, minerals and organic matter of
natural origin. Mining is widely regarded as having adverse
effects on environment of both magnitude and diversity.
Some of these effects include erosion, formation of sinkhole,
biodiversity loss and contamination of groundwater by
chemical from the mining process in general and open pit
mining in particular.
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