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ABSTRACT
Coal fly ash (CFA) is a powdery solid waste byproduct of thermal coal power industries. CFA is hazardous to the
environment, ecosystem and human health because of its contents such as various oxides and metals. The improper
dumping of CFA is a leading environmental concern. It can disperse into the environment and water bodies. The
management of fly ash is a major environmental challenge worldwide. The leaching of metals in aquatic systems
is leads to bioaccumulation, induction of oxidative stress, tissue damage, and alteration in blood biochemistry
has been emphasized in the fishes. Excess accumulation of fly ash in the water ecosystem significantly affects
organisms by altering the physical properties of ecosystem, physiological biomechanisms, toxicity stress, and
health issues. Consumption of contaminated foods results in the bioaccumulation and biotransformation of
hazardous elements in the food chain that threaten to aquatic biodiversity. Therefore, the present review aims to
overview and highlight the toxicological impact of fly ash pollution on aquatic ecosystems and fish health. In
addition, it is helpful to understand the level of toxicity and assess its effect on the environment.
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INTRODUCTION

Coal Fly ash (CFA) is a fine-gray color powder
consisting of spherical glossy particles produced as
a byproduct in coal-fired power stations. CFA is
usually produced during the combustion of coal. Fly
ash also called bottom ash or Firefox, falls from a
boiler combustion chamber. The particles of ash are
about 0.5 to 300 μm. In recent years, anthropological
approaches and developmental activities have been
amplified with the increase in human population,
which are essential to fulfilling human demands.
Therefore, energy needs are partially fulfilled by
various sources such as biofuel, thermal power
plants, and coal. The thermal power station is the
major consumer of coal and produces a billion tons
of huge amounts of fly ash annually (Sultan et al.
2021, Zierold et al. 2020). Fly ash is usually dumped
in the surrounding areas and enters the ecosystem
through air, water, and food chains (Yi et al. 2024)
affecting the flora and fauna. Fly ash particles
generally travel by wind over long distances and
disperse (Sabir et al. 2014). Recently, managing and
handling this waste has been a hazardous and
challenging issue worldwide. The fly ash is toxic and

chemically comprised of Cd (Cadmium), Cr
(Chromium), Hg (Mercury), As (Arsenic), Pb (Lead),
Se (Selenium), Ni (Nickel), and radioactive elements
such as U (Uranium) and Th (Thorium). It also
contains some oxides silicon oxide (SiO

2
), Calcium

oxide (CaO), Sodium oxide (Na
2
O), Aluminum oxide

(Al
2
O

3
), Iron oxide (Fe

2
O

3
), Magnesium oxide

(MgO), Potassium oxide (K
2
O), Phosphorous oxide

(P
2
O

5
), Sulphate oxide (SO

4
) and unburned carbon

(Mukharjee et al. 2006, Huggins et al. 2007, Pandey
et al. 2011, Blissett and Rowson 2012, Ram and
Masto 2014). Fly ash also contains several organic
compounds, polyaromatic hydrocarbons,
polychlorinated biphenyls, polychlorinated
dibenzofurans, polychlorinated dibenzo-p-dioxins,
monomethyl, and dimethyl sulfate (Sahu et al. 2004,
Jambhulkar et al. 2018). In the past decade, more
than 70% of countries demand electricity from coal-
based thermal power plants. It increases the
generation of fly ash, in the present scenario, 160
million tons of fly ash were produced which is nearly
twice over the last decade (Ahmed et al. 2014).
According to the World Bank, by 2015 India will
require 1,000 km2 of land to dispose of coal fly ash
(Pandey and Singh 2010).
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The excessive production of CFA may harm
terrestrial and aquatic ecosystems due to its contents.
During the rainy season fly ash contents (heavy
metals) leach out and contaminate the ecosystem
(Choi et al. 2002, Ugurlu 2004, Izquierdo and Quorel
2012). CFA is a noxious environmental pollutant; it
causes several ailments in humans. Its release in
water adversely affects the aquatic ecosystem’s
chemical composition and physical and biological
components (Borm 1997, Manz et al. 1999, Adriano
et al. 1980, Ghio et al. 2002). Fly ash deposition into
ponds, lagoons, rivers, etc, adversely affects the
environment of soil, microflora, aquatic animals as
well as human health (Pandey et al. 2010). In the
ecosystem, metal and metal components are natural
constituents in the atmosphere, hydrosphere,
lithosphere, and biosphere (Bargagli 2000). Metals
are required in trace amounts and play a crucial role
in living organisms. The metals are used in industries,
households, cosmetics, etc. which released into the
environment and induce adverse effects on living
organisms.

CFA contamination in aquatic ecosystems results in
the accumulation of heavy metals in different tissues
like the gills, liver, kidney and muscle and induces
oxidative stress in fishes (Besser et al. 1996, Lohner et
al. 2001a,b, Reash et al. 2006). Accumulation of
contamination causes alternation of tissue structure and
quality (Ali et al. 2004). It produces poor fish-quality
protein for human consumption. Bioaccumulation and
biotransformation of these metals adversely affect
human health and cause metal toxicity to aquatic
organisms. Therefore, it is necessary to study the
effect of fly ash and its contents on ecosystems and
fish. The impact of fly ash on the aquatic system is
not well studied. Furthermore, the effect of fly ash
on fish is poorly understood. Therefore, the present
review aims to highlight the impact of fly ash on
fish.

CHARACTERISTICS OF FLY ASH

The CFA is classified a) Class F and b) Class C. These
two types of fly ash are commonly used in concrete.
Class C is often high-calcium fly ashes with less than
2% carbon content. It is produced from burning sub-
bituminous or lignite coals, having both pozzolanic
and varying degrees of self-cementitious properties.

Class F are generally low-calcium fly ashes with less
than 5% carbon contents but sometimes as high as
10%. This type of ash generally produced from
burning anthracite or bituminous coal, exhibits
pozzolanic properties. The total calcium ranges from
1 to 12% in the form of calcium hydroxide, calcium
sulfate, and glassy components in combination with
silica and alumina.

IMPACT ON FISH

Tissue damage and histopathology
Fly ash comprises several components that adversely
impact aquatic and terrestrial organisms. The effect
of fly ash on different organs of fish is described in
Figure 1. Fly ash and its leachates induce histological
changes in the different organs of the fishes. The gill
is the first target organ in fishes exposed to pollutants
and fly ash induces hyperplasia, hypertrophy
epithelium lifting, necrotic, shrank, curved, and
fusion lamellae in gills (Lease et al. 2003). The
degradation of gills epithelium results in the loss of
osmoregulation and hypoxic conditions (Xu et al.
2021). The gill lamellae are primarily exposed to
water contamination from fly ash, which allows the
entry of contaminants and reaches the bloodstream.
Therefore, it affects the respiration and
osmoregulation function (Javed et al. 2017).
Furthermore, fly ash also induces vacuolation,
nucleus enlargement, cytoplasm condensation,
disarray of hepatic cords, hypertrophied necrosis and
damaged liver (Ali et al. 2004, 2007). The
degeneration of pancreatic blood capillaries was
noticed in fish (Ali et al. 2004), and more profound
damage was induced in acute exposure than in
chronic exposure. The glomerulus, bowman’s
capsule, tubular structure degeneration and necrosis
were reported in the kidneys of fishes (Ali et al. 2004,
2007, Elbeshti et al. 2018). Fly ash leachate can
induce DNA fragmentation and apoptosis in exposed
cells of fish hepatocytes (Ali et al. 2007), structure
degeneration, necrosis, vascular degeneration, and
atrophy of muscle bundles in fishes (Elbeshti et al.
2018, Ghio et al. 2002). Metals toxicity can damage
the central nervous system, lungs, and blood
composition (Zeitoun and Mehana 2014). Long-term
exposure results in physical, muscular, and
neurological degenerative processes that mimic
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Alzheimer’s disease, Parkinson’s disease, muscular
dystrophy, and multiple sclerosis (Zeitoun and
Mehana 2014).

Induction of oxidative stress
  Fly ash contamination in aquatic systems induces
the production of reactive oxygen species (ROS) in
aquatic organisms including fishes and leads to
toxicity (Javed et al. 2017). Fly ash leachate (FLA)
treatment increases the activities of catalase,
glutathione s-transferase and glutathione in the liver,
kidney, and gills of fish Channa punctata (Ali et al.
2004). The CFA nanoparticles may act as mutagen
and genotoxicants which induce oxidative stress and
DNA damage (Dwivedi et al. 2012). FLA exposure
enhances the production of H

2
O

2, 
superoxide ions and

lipid peroxidation in hepatocytes of fishes (Ali et al.
2007). In addition, FLA contamination induces a
profound antioxidant enzyme system in the liver and
gill suggesting that it is the most vulnerable organ
(Ali et al. 2004). The heavy metal concentrations in
the water increase excretion of ammonia in fish
resulting in increased CO

2 
levels in the water. The

bioavailability of transition metal content of fly ash
induced inflammatory response and generation of
ROS species in lung epithelium cells has been
reported (Diabate et al. 2011).

Blood biochemical parameter
The fly ash induces hematological changes in
hemoglobin (Hb), total RBC count, packed cell
volume (PCV), and differential count of leucocytes
(Pradhan et al. 2020, Behera et al. 2020), blood urea,
nitrogen, and creatinine in the blood of
Hetropneustens fossilis (Bloch) (Pradhan et al. 2020).

Effect on scales
Fly ash induces damage in growing or undeveloped
scales and causes erosion, reduces the growth of
scales and growth rate and reduces the function of
scales (Shrivastava 2011, Dwivedi 2011).
Deformation of scales mainly occurs in an anterior
region, radius, circulars, and lepidonts on scales
(Coban et al. 2013). The anterior margin of the scales
was irregular, and the central part of the focus was
destroyed. The developing focus was disturbed,
chromatophores were reduced and small sizes of
scale and annuli of scales disappeared (Coban et al.
2013).

IMPACT ON AQUATIC ECOSYSTEM

Fly ash from thermal power plants has an adverse
impact on aquatic habitats, diversity, ecology and
the environment (Javed et al. 2014). The properties
of fly ash are responsible for its deposition and
sedimentation in the water body. The CFA causes a
negative effect on the physiochemical properties of
water and planktonic pollution. The disposed fly ash,
metal contents, and toxic waste are also deposited
into natural water bodies like ponds, rivers, seas, and
streams (Mandal and Sengupta 2006, Pandey et al.
2011, Dragovic et al. 2013). CFA in open areas is
dispersed in the water and affects the diversity of
streams, rivers, lakes, etc. Fly ash discharge reduces
the number and diversity of bacteria (Gutherie et al.
1978). CFA is also affecting the zooplankton
diversity, aquatic community (Spencer et al. 1983,
Zhang et al. 2015), and a decreased diversity of
benthic macro-invertebrates (Shrivastava and
Dwivedi 2011, Walia and Mehra 1998, Magnuson et
al. 1980, Bamber 1984, Webster et al. 1985). It also
reduces fish community (Olmsted et al. 1986), fish
spermatogenesis (Cochran, 1987), and a reduction
in the number of water birds (White et al. 1986, Cain
and Pafford, 1981). Fly ash also affects the animal

Figure 1. Effect of fly ash exposure on different
organs of fishes
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growth and development. In addition, researchers
have noted that; fly ash reduced river fish diversity
(Naik et al. 2013, Sukla and Singh 2013, Pitchaikani
et al. 2010, Wallia and Mehra 1998). The fish
diversity in the Rupnarayan River (Mrinmay et al.
2015) and carp fish in the Chandrabhaga River (Pal
et al. 2016) were reduced. This results in the lesser
fish production and the loss of several species.

Recently, fly ash has been utilized for construction
that may enter the ecosystem and affect living
organisms. At threshold concentration in the aquatic
ecosystem, it acts as a pollutant and induces toxicity
at various levels (Shrivastava and Dwivedi 2012).
The fly ash and related metals increase in water and
may seriously affect freshwater and marine water
habitats (Ahmaruzzaman 2011, Yi et al. 2011, Nemr
et al. 2014). The metals are essential to aquatic life,
but their concentration above permissible limits
adversely affects aquatic animal health. This metal
contamination affects the food chain, and toxic
substances accumulate in various organs and tissues
of aquatic animals (Islam et al. 2004, Yi et al. 2011).
Major environmental issues include leaching and
accumulation of organic and inorganic toxic
compounds from fly ash. Around the thermal power
station, deposition of various metals like As, Zn, Pb,
Cd, Co, Ni, Mn, Fe, Cr, Al, and Cu has been reported
in varying quantities in water. CFA also increases
the water’s temperature, hardness, and salinity
(Witeska et al. 2006, Diabate et al. 2011). The
physicochemical properties of water from the
Chandrabhaga River were raised and significantly
affected above drinking and irrigation standards
(turbidity, TDS, BOD, COD and DO) (Pal et al.
2016). It also increases the temperature hardness and
salinity of the water (Witeska et al. 2006, Diabate et
al. 2011). This suggests fly ash adversely affects
terrestrial and aquatic animals and produces several
adverse physiological impacts on organisms. The
fishes with metal contamination have been reported
in the stream receiving coal fly ash effluents (Besser
et al. 1996, Lohner et al. 2001a,b, Reash et al. 2006,
Reash 2012). Significant bioaccumulation of
selenium, arsenic, and mercury was reported in
various fish species collected from water streams
receiving CFA effluent (Besser et al. 1996, Lohner
et al. 2001a,b, Reash et al. 2006). It has shown that
fly ash adversely affects terrestrial and aquatic

animals. Its contamination has severe adverse
impacts such as bioaccumulation of metal, oxidative
stress, DNA damage, and reproduction on terrestrial
and aquatic ecosystems (Ali et al. 2004, Chakraborty
and Mukharjee 2009, Grumiaux et al. 2007, Pandey
and Singh 2010).

CONCLUSIONS

Fly ash is used in our surroundings and in parallel; it
enters the ecosystem through air, water, and soil and
affects living organisms and different trophic levels.
Therefore, properly dumping and utilizing of fly ash
may reduce aquatic ecosystem pollution and defend
aquatic animal life. It suggests that the toxic effects
of fly ash contents on fish and other aquatic animals
are multidirectional. The depletion of fly ash in water
bodies may cause a reduction in pond productivity,
food competition, decline in biodiversity, migration,
changes in physiological and chemical processes,
accumulation of metals and functional disturbance.
Thus, this may suggest that fly ash contamination
affects animals in several ways. Therefore,
appropriate utilization of fly ash may reduce CFA
pollution and protect the environment. Furthermore,
CFA’s utilization rate is lower than its production,
which affects the environment. Therefore, thorough
research on the impact of fly ash on the environment
and physiology of organisms is necessary.
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