
 

  

 

Fly ash induced lipid peroxidation in the fish Cirrhinus mrigala 

Sheetal Mahadev Jaunjal  

Department of Zoology, Vivekanand College, Kolhapur (An Empowered Autonomous  

Institution) C.S. 2130, E ward, Tarabai Park, Kolhapur-416003 (MS), India 

Tekchand Chetanlal Gaupale* 

Department of Zoology, Vivekanand College, Kolhapur (An Empowered Autonomous  

Institution) C.S. 2130, E ward, Tarabai Park, Kolhapur-416003 (MS), India 

 

*Corresponding author. E-mail: tcg@vivekanandcollege.ac.in 

 

Article Info 

https://doi.org/10.31018/

jans.v17i3.6683   

Received: March 20, 2025 

Revised: August 11, 2025 

Accepted: August 23, 2025 

 This work is licensed under Attribution-Non Commercial 4.0 International (CC BY-NC 4.0). © : Author (s). Publishing rights @ ANSF.    

1220 - 1226
ISSN : 0974-9411 (Print), 2231-5209 (Online) 

             journals.ansfoundation.org   

Research Article 

INTRODUCTION 

 

Fly ash is a waste byproduct generated from the burn-

ing of coal in electric power plants (Rebeiz et al., 1996; 

Sharma et al., 2010), producing approximately a billion 

tons annually (Sultana et al., 2021; Zierold et al., 2020; 

Feuerborn et al., 2019). It is a powdery microparticle 

ranging in size from 0.1 µm to 100 µm, with diverse 

shapes (Qi et al., 2019), and contains various toxic 

compounds, including metals. Fly ash is typically dis-

posed of in the surrounding area and enters the eco-

system through rainwater and air (Yi et al., 2024), even-

tually passing through the food chain, which ultimately 

affects flora and fauna. Fly ash pollution in the aquatic 

system has an adverse effect on the biota and the eco-

system (Adriano and Weber., 2001; Ghio et al., 2002; 

Jaunjal et al., 2024). It also alters the physical, chemi-

cal, and biological components of the aquatic ecosys-

tems (Borm., 1997; Manz et al., 1999; Adriano and We-

ber., 2001; Ghio et al., 2002).  

Fly ash not only affects aquatic animals but may also 

be destructive to terrestrial animals. The air particles of 

fly ash affect human health causing asthma, lung dam-

age, inflammation, and immunological reactions 

(Lockwood and Evans, The Earth Justice). It also caus-

es heart diseases, cancer, respiratory disease, and 

stroke. Fly ash enters the ecosystem during construc-

tion and affects organisms (Srivastava et al., 2012).  

The heavy metals leach out from fly ash and enter the 

groundwater and aquatic systems. It affects the quality 

of aquatic life and disrupts ecosystems (Souza et al., 

2013; Meyer et al., 2015; Tuberville et al., 2016; Finger 

et al., 2016; Van Dyk et al., 2017). Therefore, fly ash 

may be a major source of pollution in both terrestrial 

and aquatic ecosystems (Ghio et al., 2002). 

Recently, the effect of fly ash has been studied in 

mammals indicating that it has the potential to promote 

the production of reactive oxygen species (Rozhina et 
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al., 2021; Lewis et al., 2003; Voelkel et al., 2003; Marra 

et al., 2018). It may induce oxidative stress, neuro-

degeneration, cardiovascular diseases, as well as in-

flammatory injuries (Aruoma et al.,1998). In mammals 

such as rats, guinea pigs, and mice, fly ash induces 

ROS production in tracheal cells (Jiang et al., 2000; 

Diabate et al., 2002).  Furthermore, fly ash leachate 

induces ROS production and stimulates LPO in fish 

cells (Nacci et al., 2002; Xiang and Shao, 2003; Sar-

mento et al., 2004). In the fish Channa punctata, fly ash 

leachate induces oxidative stress, elevates the antioxi-

dant system, and increases LPO (Ali et al., 2004) and 

lactate dehydrogenase activity (Ali et al., 2007). Fly ash 

leachate also induces hepatocyte toxicity in the fish 

Channa punctata (Ali et al., 2007) due to oxidative 

stress.  It has been suggested that fly ash can affect 

signal transduction, gene expression, cell proliferation, 

and the response of target cells (Yin et al., 2011).  Free 

radicals’ attacks on lipids and induce LPO as a marker 

of oxidative stress. Therefore, the present study aimed 

to understand the toxicity level of fly ash on LPO in fish 

thereby promoting public awareness regarding the dis-

posal and management of industrial waste. Further-

more, fish serve as pollution bioindicators for water pol-

lution and are crucial for indicating the health of an eco-

system. This study may highlight the concern about fly 

ash and its impact on biodiversity deterioration. 

 

MATERIALS AND METHODS 

 

Experimental setup 

The fish Cirrhinus mrigala fingerlings were procured 

from a fish breeding center Nalawade fish center Kale, 

Tal: Panhala, Dist.: Kolhapur Maharashtra. The weight 

of the supplied fish was 3.18±0.21 g, and mean length 

was 4.72±0.44 cm. Fish were brought to the laboratory, 

reared, acclimatized in the aquarium, and fed daily with 

fish feed. During rearing water was changed frequently 

to remove faecal matter and ammonia from the water. 

The water parameter was checked to ensure normal 

conditions. After acclimatization, which took approxi-

mately 8 days, the fish were used for the experiment.  

The fly ash was collected from the dumping station of 

Solapur Super Thermal Power Station, located at vil-

lage Fatatewadi and Aherwadi, District: Solapur. The 

fish were divided into four groups: 1) Control (water 

without fly ash) 2) Treated with 1g/L, 3) Treated with 3 

g/L, and 4) Treated with 5 g/L. The treated fish were 

reared in water containing fly ash. Prior to the experi-

ment, feeding was restricted, but it resumed 24 hours 

after exposure to the test substance. Fish were ex-

posed to fly ash at specified concentrations (1g/L, 3g/L, 

and 5g/L) for both acute and chronic durations, along 

with a control group. The fly ash concentrations were 

selected based on preliminary studies and in accord-

ance with Ali et al. (2004, 2007). There were 10 fish in 

each experimental and control group, and the experi-

ment was replicated three times.  

 

Methodology 

The fish were anesthetized, and tissues from the gills, 

liver, muscle, and intestine were dissected for LPO 

analysis following the method of Wills (1966). In pre-

sent study, lipid peroxidation was measured using a 

spectrophotometer at 532 nm against a blank. Briefly, 

the tissues were homogenized in a potassium phos-

phate buffer (75 mM, pH 7.04), 1 mM FeCl3, and 1 mM 

ascorbic acid. The tissue extracts were then transferred 

into tubes and mixed. The mixture was centrifuged for 

20 min at 3000 rpm. Then, 0.2 mL of supernatant was 

transferred to another glass tube, followed by the addi-

tion of 1.8 mL of distilled water, 1 mL of 20% TCA, and 

2 of 0.67% thiobarbaturic acid (TBA). In the blank tube, 

2 mL of distilled water, 1mL of 20% TCA, and 2mL of 

0.67% TBA were added. The tubes were placed in a 

boiling water bath for 15 minutes and then cooled to 

room temperature. Then the absorbance was recorded 

at 532 nm, with the end product of total lipid peroxida-

tion being malondialdehyde (MDA). The MDA level was 

expressed as nanomoles of MDA/mg tissues. The con-

trol group was reared in water without fly ash, along-

side the experimental groups.  

 

Animal ethical approval 

The experiments were performed as per Animal ethical 

approval from Department of Forest (Wildlife), Nagpur 

(No: Desk-22(8) /Research/CR-03/885/23-24.Nagpur, 

Dated 23
th
 June 2023). 

 

Statistical analysis 

In the present study, the data were statistically ana-

lysed, and differences between the experimental 

groups were examined using two-way ANOVA. The 

Tukey post-hoc test was used to determine which 

groups were different. Statistical significance was ac-

cepted as p < 0.05. Data are expressed as arithmetic 

mean ± S.D. of three observations (S.D., standard devi-

ation). Error bars indicate standard deviation. A proba-

bility level of less than 0.05 was considered significant.  

 

RESULTS AND DISCUSSION 

 

The present study showed significant increases in MDA 

levels in both the acute (4 days) and chronic (30 days) 

duration of fly ash-treated groups compared to the con-

trol group of the fish Cirrhinus mrigala. The acute and 

chronic fly ash-treated groups showed a significant in-

crease in MDA levels compared to the control group. In 

the fish, acute and chronic exposure to fly ash showed 

significant increase in MDA levels in gills, liver, mus-

cles, and intestine compared to the control (Fig. 1, 2, 3, 

4). In the fish, acute exposure to fly ash showed a sig-
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nificant increase in MDA levels at different concentra-

tions in the gills (Fig. 1), liver (Fig. 2), muscles (Fig. 3), 

and intestine (Fig. 4) compared to the control. Similarly, 

in the chronic exposure at the same concentration, sig-

nificant elevations of MDA levels were observed in the 

gills (Fig.1), liver (Fig. 2), muscles (Fig. 3), and intestine 

(Fig. 4). The MDA level was observed in the acute and 

chronic exposure in the gills>liver>muscle>intestine. 

The high MDA level was reported in the gills (Fig.1) and 

was lowest in the intestine (Fig.4) in both the acute and 

chronic treatments. The results illustrate the significant 

levels of MDA that are directly proportional to LPO ac-

tivity in vital tissues of fish after exposure to fly ash. 

During the chronic period, the group showed a signifi-

cant increase in MDA level compared to the acute peri-

od and the control group. Fish were exposed to chronic 

concentrations of fly ash resulting in a highly significant 

impact on MDA levels in tissue, while acute concentra-

tions had a moderately significant impact on MDA lev-

els. The MDA level increases with the increases in con-

centration of fly ash in all the organs studied in acute 

and chronic studies. The LPO in gills, liver, muscle and 

intestinal were significantly different (p<0.05).  

Fish are frequently utilized as indicator organisms in 

ecotoxicological research due to their various roles in 

the food chain, their ability to accumulate harmful sub-

stances, and their sensitivity to low levels of mutagens. 

Consequently, the application of fish biomarkers as 

measures of pollution impacts is becoming increasingly 

significant, enabling the early identification of aquatic 

environmental issues (van der Oost et al. 2003). The 

free radical activity has caused LPO (Parihar et al., 

1996; Cheeseman, 1982). The available information on 

the effect of coal fly ash on lipid peroxidation is limited 

in fishes. Earlier, it has been reported that fly ash con-

tains various metals and toxic compounds that may 

induce oxidative stress and LPO production in fish 

(Grabowski et al., 1999; Van Maanen et al., 1999; Ghio 

et al., 2002; Lewis et al., 2003). In Channa punctatus, 

contamination in water enhances the production of re-

active oxygen species (ROS) and leads to toxicity 

(Javed et al., 2017). Fly ash also induces ROS genera-

tion in the lung epithelium, inflammation in mammals 

(Diabate et al., 2011), and LPO has been reported ear-

lier (Huang et al., 2003; Safari et al., 2015). In Hetro-

pneustens fossilis (Bloch), fly ash exposure alters 

blood composition and induces oxidative stress toxicity 

in the kidney of fish (Pradhan et al., 2022). In the pre-

sent study noticeably higher LPO levels were observed 

in the gills, liver, muscle, and intestine (Fig. 1, 2, 3, & 

4). Oxidative stress induces the generation of 

malondialdehyde (MDA), which leads to alterations in 

the structure and function of cells (Oakes et al., 2003; 

Wong et al., 2007).  

In the gills, a significant increase in LPO was observed 

as compared to the other organs (Fig.1). The gills are 

the most sensitive organ that is directly in contact with 

the pollutants and heavy metals in the water (Santos et 

al., 2022). The Channa punctata (Bloch) gill showed 

higher oxidative stress, a response biomarker of LPO 

(Ali et al., 2004). In the in vitro and animal models pre-

viously noted, copper, iron, and vanadium from fly ash 

also induce the production of ROS (Ghio et al., 2002). 

In the present study it has been observed that LPO 

increases with an increase in fly ash concentration and 

duration in gills. Similarly, in the gills of fish Sparus 

aurata, MDA contents increased upon exposure to Pe-

lagia noctiluca crude venom (Ensibi et al. 2013). The 

increase in MDA level in the gill tissues reported after 

etoxazole treatment in Oreochromis niloticus (Uner et 

al. 2006). In fish, Ibuprofen induces oxidative stress in 

the gills of Cyprinus Carpio (Islas-Flores et al. 2014). 

The heavy metals, pesticides, and other pollutants also 

induce lipid peroxidation in fish (Ensibi et al., 2013).  

Additionally, the induction of oxidative stress has been 

reported in zebrafish exposed to copper and microplas-

tics (Santos et al., 2022). In mammals, fly ash particles 

precipitate in the lungs upregulating ROS, various anti-

oxidant enzymes, and inflammation (Kumar et al., 

2004; Borm, 1997; Ghio et al., 2002).  

The liver acts as a biological indicator of water contam-

ination in fish, surpassing other organs (Gul et al. 

Fig. 1. Gills MDA (Melanoaldehyde) content in Cirrhinus 

mrigala exposed to fly ash in acute (4 days) and chronic 

(30 days) exposure, Data represent the mean ± SD 

Fig. 2. Liver MDA (Melanoaldehyde) content in Cirrhinus 

mrigala exposed to fly ash in acute (4 days) and chronic 

(30 days) exposure, Data represent the mean ± SD 
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2004). LPO is correlated with mitochondrial dysfunc-

tion, ROS, and liver diseases (Shi et al., 2021). Thus, 

the oxidative degradation of lipids leads to the develop-

ment of various liver disorders, as well as inflammation 

(Spahis et al., 2017). Abnormal peroxidation leads to 

lipotoxicity in the liver (Almeda-Valdes et al., 2015; 

Marra et al., 2018; Sies and Cadenas, 1985). In the 

current study Cirrhinus mrigala, LPO was significantly 

increased in the liver in a dose- and time-dependent 

manner compared to the control. Similar to the present 

finding, TBARS (Thiobarbituric acid reactive substanc-

es) are increased in the liver tissue of Clarias gariepi-

nus collected from polluted rivers (Osagie and Morayo, 

2023). Fly ash leachate induces pro-apoptosis in 

hepatocytes of fish Channa punctata Bloch (Ali et al., 

2007). The toxicity of fly ash and the formation of ROS 

triggers an inflammatory response during phagocytosis 

and inflammation in rats, leading to LPO, DNA damage, 

and protein oxidation (Gilmour et al., 2004). In liver 

cancer high LPO levels are caused by excessive ROS 

production (Marnett, 2002; Niedernhofer et al., 2003). 

Similarly, heavy metal-polluted water leads to the accu-

mulation of metals in the gills, liver, kidneys, skin, mus-

cles, and other tissues of fish (Emon et al., 2023). ROS 

also damages muscle structure and integrity (Jimenez 

et al., 2022). Therefore, toxicity alters membrane integ-

rity, fluidity and permeability (Mello et al., 2015), and 

induces cell death in Clarias gariepinus Juveniles 

(Ogueji et al., 2017). In muscles and intestines, LPO 

was observed to be increased compared to the control 

(Fig. 3, 4). Similarly, in mice, CFA generates ROS and 

induces lipid peroxidation, protein oxidation, and DNA 

damage (Putri et al., 2020), leading to cardiovascular 

diseases, various types of cancer, neurodegeneration, 

and aging (Diplock, 1998). Therefore, the present find-

ings suggest that fly ash induces the generation of 

ROS and oxidative stress in all tissues, leading to  

metabolic abnormalities in the liver, gills, and other  

tissues. 

Conclusion 

 

The present study suggests that coal fly ash can have a 

significant impact on fish, as it elevates the levels of 

lipid peroxidation in vital organs. The exposure of C. 

mrigala to coal fly ash may be linked to changes in tis-

sue enzymes, leading to stress. The present findings 

indicate that the liver, gills, and muscles could serve as 

potential indicators for detecting residual fly ash in 

aquatic systems in fish. The gills may be more suscepti-

ble to water contamination, suggesting that fly ash in-

duces oxidative stress in the fish’s gills, which may lead 

to hypoxia. However, further investigation is required to 

establish specific biomarkers for monitoring the aquatic 

environment. LPO levels increase and the ability to 

maintain homeostasis is reduced, resulting in poor nu-

tritional quality of fish meat and fish health issues that 

can lead to death. Therefore, the fly ash may harm 

aquatic habitats, their diversity, and the livelihood of 

humans. 
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Fig. 3. Muscle MDA (Melanoaldehyde) content in Cirrhinus 

mrigala exposed to fly ash in acute (4 days) and chronic 

(30 days) exposure, Data represent the mean ± SD 

Fig. 4. Intestine MDA (Melanoaldehyde) content in Cirrhinus 

mrigala exposed to fly ash in acute (4 days) and chronic (30 

days) exposure, Data represent the mean ± SD 
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