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Impacts of Clay Mining Activities on Aquatic
Ecosystems: A Critical Review
Anju P S, Jaya D S
Abstract: The unconsolidated earth surface is a rich source of
minerals, of which clay is one of the richest natural minerals,
having various natural and anthropogenic properties. Natural
clay is widely available as a cheaper resource, which is non toxic
to ecosystems and has the property of preserving ground water
and aquifers. At the same time, the ubiquitous and widespread
occurrence of clay will have the property to control toxic
materials. The uncontrolled exploitation or mining of clay
minerals will affect the aquatic ecosystem's sustainability in
many ways. Water quality is very essential for the healthy
environment and human life, whereas unpredictable conditions
like flooding, drought, groundwater loss, loss of biodiversity, and
health impacts on the surrounding inhabitants are some of the
signs of ecosystem loss. The unwanted mined clay is deposited
into the surrounding area of the mining environment, resulting
in top soil, ground water, and surface water pollution. The review
paper describes the pollution aspects of the aquatic ecosystem
with special emphasis on ground water, aquifers, fresh water
(lotic and lentic), sediment, and marine ecology and hydrology.
Index Terms: Clay Mining, Aquatic Ecosystem, Fresh Water,
Groundwater, Marine, Sediment, Pollution

I.

INTRODUCTION

Soil is one of the cheapest resources in nature, made up of
gravel, sand, clay, and loam, which constitute different types
[1]. Some reports [2] explain that it is clear that the soil is a
non-renewable natural resource with slow regeneration
processes but a rapid degradation rate. In any environmental
resource exploiting process, there should be merit and
demerit, even if it is more prevalent in clay mining [3]. The
beneficial activities of mining include habitat construction
and economic and societal improvement, but it may be true
that our agricultural well being is being depleted. Miners are
economically exploiting the resource, and companies are
involved in mining, legally or illegally, and it is important to
realise that they have no regard for the environment. Soil
quality is one of the three components of environmental
quality [4], besides water and air quality. Clay is an
important soil constituent, naturally occurring, fine grained
material with particle properties, mostly composed of a class
of crystalline hydrous silicate minerals called as clay
minerals [5].
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It is formed by the chemical or mechanical weathering of
aluminium silicate minerals like feldspar through a complex
sequence of events. Clay particles have a sheet-like layer
structure and are very small, smaller than two micrometres
(7.9 105 inch) in size [6].There is a sufficient supply of
minerals such as iron, alkali metals, or alkaline earth metals
[7, 8]. Hence, it is one of the oldest known ceramic
materials known to have a lot of properties from prehistoric
periods, which has been dated to around 14,000 BC [9].
Clay minerals are categorised into six groups by the US
Bureau [10] of Mines as kaolin, ball clay, fire clay,
bentonite, fuller’s earth, common clay, and shale.
Ultimately, clay minerals have wide industrial uses, such as
for paper making, cement production, chemical filtering, etc.
Mining is the process of extracting precious minerals or
other earthy materials from the earth's surface [11] through
six consecutive stages, such as exploration, development,
extraction, beneficiation, further processing, and a final
decommissioning stage [12]. In the long run, mining results
in environmental degradation and erosion processes [13].
Meanwhile, the miners deposited waste in open areas,
causing land, air, and water pollution [14]. Continuous clay
mining in an area will result in air, noise, water, and soil
pollution, soil erosion, flooding, land sliding, geological and
environmental disasters, loss of biodiversity, and
degradation of land. Studies show that clay extraction has
serious consequences for the air, soil, and water related
environment in an ecosystem [15, 16]. Water purity is
indispensable for the existence of biotic ecosystems. Food
security will depend upon the accessibility and purity of
water [17, 18, 19]. Here there is a dramatic increase in the
population, which causes urbanisation, industrial growth,
overexploitation of resources, production of more food
products, etc., to have a substantial increase in the demand
for water [20]. The natural clay mineral plays an important
role as a protector of pure water in aquifers, which act as a
storehouse of pure ground water. During mining, the hidden
clay mineral was exposed and exploited, which will result in
the loss of extra pure ground water contained within it. This
water comes out of the aquifers and dissolves with the
mined clay minerals at the surface, which leads to colloidal
dispersion. Hence, it is one of the serious risk factors of
sediment deposition in wet land (aquatic) ecosystems [21]
and will cause the loss of stored ground water inside our
crust. The main environmental issue arose as the clay
minerals that were dispersed on the surface (top soil) were
flocculated with water, resulting in soil erosion. It is
essential to understand the clay dispersion, transport, and
biological impact of these pollutants in the environment, and
also the knowledge about their
speciation and distribution [22].
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Mining has some direct impacts on aquatic ecosystems,
which include land filling, grading, distruction of
vegetation, and construction activities that result in the
change of water levels and drainage patterns. Some studies
have been conducted in India on the effects of clay mining
and its acid drainage problems on the nearby vegetation,
aquatic ecosystem, biodiversity, ecorestoration, and
revegetation strategies [23, 24, 25, 26, 27, 28, 29]. This
review paper aims to find out the impacts of clay mining
activity on our aquatic ecosystem, with special emphasis on
ground water, aquifers, fresh water, sediment, and marine
ecosystems.
II.

METHODS

Protecting our water is of high urgency. Mining is one of the
most important revenue generating activities of developing
countries. Environmental encounters at mining and mineral
processing sites are common. The manuscript review
process was done using Google scholar and searched with
key words such as clay mining and its impacts, ground water
pollution, aquifer pollution, fresh water, sediment and
marine pollution aspects, and all the remaining relevant
references were included in the review process. The writing
of the review article was started in February 2020 and
completed in May 2021. On that account, this paper clearly
states the problems faced by the clay mining activity on our
treasurable water resources, and the scientific evidence is
also mentioned here.
III.

CLAY MINING AND ITS IMPACTS ON
AQUATIC ECOSYSTEMS

This review paper focuses on the impacts of clay mining
activity on our aquatic ecosystems, which are delineated as
ground water and aquifers, freshwater ecosystems, sediment,
and marine ecosystems, with special emphasis on the socioeconomic health of human individuals in mining sites.
A. Impacts on Ground water and Aquifers
The rock pores, soil pores, and rock foldings or fractures
under the earth's surface contain the groundwater. Of the
world’s fresh water supply, about 30 % is from ground

water, which is about 0.76% of the entire world's water,
including oceans and permanent ice [30], and it consists of
99% of the world's liquid fresh water supply [31]. Ground
water is our planet's most exploited natural resource [32]. It
is beyond doubt that, for a healthy and sustainable
environment, groundwater is absolutely essential.
The underground layer of rock, rock fractures, and earthy
material that contains water is called an aquifer where the
soil composition is gravel, sand, or silt [33]. It was a blanket
of clay of about 10 to 60 m in thickness that was present at
the top of the sedimentary sequence that followed the
partially confined nature of ground water or aquifer
confined below the clay blanket [34]. The thickness of this
clay blanket and the aquifer would vary from region to
region depending on topography. Overall, the clay lens has a
prominent role as a protector of the ground water. During
mining, the top soil was excavated to below horizons,
removing the aquifers that were protected by the clay
minerals. Clay mining depletes underground clay reserves as
well as ground water [35, 36].It depends on the depth of the
mining activity. The exploration depth increased and
widened, causing the hydraulic gradient to reverse. There is
a heavy flow of ground water from the aquifers that has
burst out to the earth's surface, resulting in the mixing of
water with clay particles and surface soil, causing
flocculation. The burst water from the aquifer pollutes and
washes out nearby surface top soil, acting as a source of
water borne diseases. At most mine sites, the groundwater
acts as a water mass and blocks the movement of water into
and below nearby wetland environments. Sometimes it acts
as a favourite spot for suicidal attempts [37]. The polluted,
dumped groundwater successively changes to dark green
coloured water with no use and is a site of water borne
disease transmission. The loss of ground water will lead to a
deepening of water levels, the drying up of shallow wells,
and a reduction in the sustainability of the surrounding
ecosystem. Clay dispersion and flocculation increase erosion
risk, which is considered one of the most serious
environmental threats. Hence, the nearby top soils were
recognised as highly erodible (Fig. 1.) when used in
agriculture [38].

Fig 1. Impacts of Clay mining and its dispersion [Source: http://www.keralaceramics.com]
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Environmental impacts are commonly due to the destruction
of water tables surrounding the mining site, which leads to
social, cultural, economic, and industrial disarray [39].
Honestly, the mining industry has a heavy need for water
resources for extraction of minerals, processing plants, and
settling of dust particles that are released from the mining
site. Meanwhile, the demand is increasing, the overall stress
for ground water slows down the aquifer, resulting in low
recharge into wells, streams, rivers, ponds, lakes, etc., and
the nearby aquatic ecosystem. Hence, the shortage of ground
water is negatively affecting crop productivity and the
agrarian ecosystem. The uncontrolled clay mining activities
in Madayipanchayath Kerala, resulted in the formation of
unproductive areas due to the reduction of ground water,
which made the site unfit for living and cultivation [40].
The USDOI [41] defined different problems that come up in
an open pit mine when the mine is working above or below
the water table. If it is above the water table/aquifer, it has
less impact on the ground water table, whereas if it is
present below the water table, it causes some crucial
problems for the above ground water. Meanwhile, active or
abandoned/decommissioned mines cause the same problem
by causing the leaching of minerals or metals into the
ground water and terrestrial aquatic ecosystems, especially
in the rainy season, causing soil contamination. Site-specific
hydrology provides the accessibility of groundwater in open
pit mines and underground mines, which are working under
differing dimensions (42). Therefore, it requires basic
knowledge of water flow and water movement (Darcy’s
law). The permeability of clay particles is in the range of 10 4
to 10-6 cm s-1, whereas the movement of water is very slow
inside clay. That’s why the water was stagnant above the
ground and water samples were alkaline along with high
dissolved solids in mining areas [42]. The assessment of
the quality of water in different sources around the China
Clay Mine in MadayiPanchayath of Kannur District in
Kerala was suspected to be polluted due to the mining
operation and associated waste disposal near to the site [43].
The people residing near the China Clay Mine have an
opinion that the water in their wells is not safe for
consumption and that adequate remedial measures need to
be taken before consumption, pointing out the significant
number of health disorders in this region. There is clear cut
evidence of the lowering of ground water in and around the
open cast clay mining deposits in Thonnakkal, South India.
In this region, the depth of the water level was increased,
which hastened the impacts on the topography and general
biodiversity of that region [44]. The groundwater of the area
comes under the Na+-HCO3- type and shallow meteoric
percolation type, and there were low pH, high sulfate, and
trace metal concentrations in the ground water in and around
the clay belt, whereas the quality is degrading very fast.
B. Impacts on the Fresh water ecosystem
Freshwater ecosystems makes of lentic and lotic systems.
The term lentic ecosystems is given to standing water bodies
or still water bodies, and the flow is the lotic ecosystem,
which includes rivers, springs, and creeks [45]. Mining
made the surrounding lotic and lentic ecosystems unfit and
unhealthy due to the mobility of mining waste and leachable
minerals from mines. The nearby rivers of clay harvesting
sites were polluted by the leacheate waste [46] from the
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reclaimed land areas, waste by the trappings of domestic
animals, and functioned as breeding sites for mosquitoes,
etc. Stream morphology was modified by the activities of
distorting channels from the clay mines, and this flocculated
leacheate diverted the stream flow. In order to do this, heavy
accumulation of clay particles changes the slope or bank
stability, sediments are increased and deposited there, and
flocculated water affects the normal aquatic ecosystem [47].
Hence, the eroded or leached out material that cements the
underwater body results in a reduction in water quality and
degradation of the aquatic ecosystem. This will block the
incoming solar radiation, and dissolved clay particles will
change the colour of the water depending upon the clay.
This is one of the important issues raised by clay harvesting
near water bodies. The mining impacts on water are fivefold, which are related to quality and quantity, such as
acidity, heavy metal contamination, pollution due to
processing chemicals and sedimentation, and reduced
quantity, including scarcity of pure water [48]. The impacts
of clay mining on the surrounding aquatic environment are
created in all of the four phases of mining, namely,
exploration, operation, closure, and post closure. There is an
alteration of chemistry in surface water that ultimately
creates health impacts on humans, animals, and plants,
changes the reproduction, growth, and distribution of biotic
flora and fauna, and may cause the proliferation of
waterborne diseases [49]. Various mining activities polluted
the surface environment by generating large amounts of
acidic drainage containing heavy metals [50, 51, 52].
Studies have shown that the clay minerals are characterised
by their high chemical reactivity [53, 54, 55] and as a major
component in the suspended sediment of rivers. Trace
elements such as cadmium (Cd), cupper (Cu), zinc (Zn),
cobalt (Co) and others are adsorbed into riverine clay
minerals, and it is speculated that their deposition in the
estuaries and marine ecosystems will badly affect the
ecotone community and biotic productivity [56]. The
continental shelf is highly productive and the clay leads to
the destruction of species rich environments. Every mining
site has thepresence of polluted water of dark green coloured
or reddish brown coloured nutrient rich with very low pH
value of 2.5 [57]. This acidic water dissolves salt and
mobilises metals from mine workings and residue deposits
into the nearby aquatic environment. This water is drained
out, causing surface and ground water pollution, which is
responsible for the degradation and removal of soil quality,
aquatic habitats, and allowing heavy metals to leach into the
underground[58]. Around 10 km from the surface the effect
of contaminated water from the mines can persist, and
evidence of radionuclide pollution was found in the
catchment area [59, 60]. The contaminated surface water
resulted in the contamination of sedimentand resulted in
metal contamination and could modify their bioavailability
and toxicity. Finally, the result of bioaccumulation in
aquatic organisms in the [61, 62] nearby ponds or lakes.
Surface mines near aquatic communities cause the decline
of abundant planktonic species [63]. Chemical changes
modify diatom communities, water insects, and crustacean
communities, resulting in low trophic competition and the
community being dominated by
predators [64].
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The aquatic organisms are also affected by pH, temperature
variations, and chemical concentrations [65]. The species
present in the aquatic environment, especially endemic
species, are very sensitive. Destruction or slight
modification of their habitat puts them at risk of extinction
[66]. The leakage of chemicals from contaminated
watersheds also has an effect on the health of the local
population. In the south-west of India, indiscriminate mining
and soil quarrying result in the damage of hill ecosystems,
and soil fixation and function of soil leading to root system
collapse [67]. They gave a set of recommendations for
protecting the soil from quarrying and mining in Kerala.
There was a crucial situation present in Kerala due to
mining and quarrying [68]. The Muvattupuzha river is one
of the major river ecosystems in urban Kerala (Kochi),
where developmental activities have made the river unfit for
existence due to heavy mining activities. It was stated that
there is an imminent need to control the mining and
quarrying occurring in nearby areas to protect the river
ecosystem and river basin environment.
C. Impacts on Sediments
Sediment is a naturally occurring material that is broken
down by processes of weathering and erosion, which is
transported by the action of various physical factors such as
wind, water, or ice or by the force of gravity acting on the
particles [69]. According to the United States Environmental
Protection Agency, one of the major ecological threats in the
world is the contamination of water with toxic substances
that leach out of mining areas. During surface mining, huge
quantities of waste from the mines in the form of clay
powders, removed top soil, sand, rock, gravel, etc. are
overburden or spoil on the surface of the mining sites in
hectares of area and are formed as arable land [70]. Toxic
metals such as copper and lead are bioaccumulated in plant
parts, detritus feeders, the smallest organisms, and other
organisms that enter the food chain and food web [71].
Sediments act as larger resorvouirs of clay [72, 73], and the
overall impact of silicate dissolution is potentially dominant.
Typically, most mines discharge acids into the surrounding
environment and the overburden from the mines is acidic
pH, such as 2.0-3.0. Weathering and oxidation released
sulfate, Fe2+, and other metallic ions from the percolated
sediment. In areas of heavy rain, the influx of acidic
contaminants that are mixed together with the rain water is
greater.
It would be transmitted to nearby aquatic and wetland
ecosystems, especially the paddy fields, which are unfit for
cultivation and other ecological activities. A case study
reported in the paddy fields of Jaintia Hills, Meghalaya,
India showed a massive decline in the yield of rice from
1.80 t/ha to 1.50 t/ha within the 5 years from 2007 to 2012
[74]. The overburden from the coal mines in the Jaintia Hills
was dumped on to paddy land, and the acid drainage from it
has acidified the soil, contaminated it with heavy metals,
and left the soil depleted of potassium and zinc [75].
Leachate heavy metals accumulate in the biotic system,
especially in the aerial organs, possibly leading to human
intake through fruits and vegetables. Regular consumption
of metals leads to health problems for those living near the
mines [76]. Microorganisms are ecological indicators and
sensitive to environmental conditions and their
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modifications, like pH, temperature, changes in chemical
concentrations, etc. [77]. Furthermore, small changes in
environmental conditions may stimulate the remobilization
of contaminants to have a direct impact on sensitive
organisms [78]. There were prominent changes in the pH of
the area where the clay/waste were deposited. The fact that,
the microbial biomass of an undisturbed area was high when
compared to a disturbed area [79].
Clay has some natural properties to remove composite
metals such as arsenic, iron, manganese, lead, cadmium,
uranium, chromium, selenium, tungsten, and zinc [80].
Clays and their modifications have received wide attention
recently for their use as adsorbents of metal ions from
aqueous media. It is due to their easy availability and
comparatively lower cost [81].

Flow chart on the Movement of Clay Particles In
Aquatic Ecosyste
D. Impacts on Marine ecosystem
Aquatic and sediment clay deposits ultimately result in
marine pollution. Most miners discharge waste into the
marine ecosystem. The transportation of clay minerals to the
marine environment was done by rivers in flocculated or
sedimented states, where the clay minerals have high
chemical reactivity and reach the sea as suspended
sediments [82, 83, 84].
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Clay minerals have been shown to play a significant role in
the deposition of trace elements from land to oceans, and the
clay acts as an active carrier of various substances [85, 86].
There is a difference between the chemistry of riverine and
marine ecosystems in which the pH of river water ranges
from 2 to 8 and the ionic strength is 0.01 M. In the case of
the oceans, the average pH is 8.1 and the ionic strength
ranges from 0.56 M to 0.7 M because of the difference in
aqueous speciation and surface particles of clay molecules.
Hence, this affects the capacity and transportation load of
metals bound with clay particles. Previous studies have
shown that trace element adsorption (cupper, zinc, cobalt,
cadmium) in the aquatic environment is proportional to
solution pH, whereas high ionic strength inhibits adsorption
[87, 88]. The fact that increased pH enhances the
deprotonation of surface functional groups [89]. Since high
ionic strength diminishes the negative electrostatic field,
leading to reduced cation adsorption at the clay surface.
There are drastic changes that occur when metals are
transferred from riverine to marine systems, including
estuaries. The major role of clay particles in acting as sinks
of metals due to the ability of metal sorption behaviour of
clay surfaces is critical to determining the degree to which
they act as sinks of pollutants or metals into the bottom
sediments or water column. Studies have clearly shown that
the interactions between cadmium and clay minerals are
different than those between cadmium and freshwater
minerals because of elevated pH versus seawater conditions
[90]. Clay deposited in aquatic ecosystem sediments will
transmit to the marine ecosystem, especially if it is
deposited on continental shelfs, and it is usually removed by
excavation for the purpose of enlarging rivers, controlling
floods, and accessing harbours and port channels.The
excavated, degraded marine clay is disposed of in the
environment, which ends up as a waste [91].
IV.

need, as an environmental challenge at mining and mineral
processing sites.
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