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Mozambique Tilapia (Tilapia mossambica,) are commonly used as useful bio-indicators during 
environmental pollution monitoring and in the assessment of aquatic environment quality. Acid rain 
induces the acidification of inland waters which results in damage to aquatic ecosystems that 
contain fish. Acidification or acid rain in freshwater ecosystem is increasing due to modernization, 
urbanization and population increase. In order to investigate the effects of acid rain on fish 
ecosystems and forecast the damages that will be sustained in the future, it is necessary to clarify the 
biological responses of fish to an acidic environment. Therefore, we have investigated the effects of 
acid rain exposure on fish’s behavior, survival, morphology, physiological changes and effects on 
oxidative biomarkers of fresh water Tilapia and the measurement of oxidative stress. Concentrated 
sulphuric acid was used for the acidification. It was observed that, after exposure of fishes for 6 days 
at pH 4, 5 and 6, the mortality was 33%, 17%, 25%.  Morphological and behavioral changes 
observed include erratic swimming, gasping, slimy mucous secretions, skin erosion, bleeding of 
fins, impairment in feeding and lethargy. The results indicated that the activity oxidative stress 
enzymes reduced glutathione (GSH), acetylcholinesterase (AChE) and glutathione -S-transferase 
(GST) were significantly decreased in the liver, brain and gills of the treated groups when compared 
to control. 
Taken together the results, its concluded that Mortalities, behavioral responses and morphological 
abnormalities recorded in Tilapia were due to the toxic effect of the acid on the body physiology. 
The results suggest that exposure of Tilapia fish to acid rain causes oxidative stress and impart 
serious deleterious effects in the tissues which may affect fish growth and development and causes 
death.  
 
 

 
 

 
 

 
 

 
 

 

 
 

 
 
 

 
 

 
 
 
 

 

 
 
 
 

 
 
 
 
 

 
  

 

 
 

INTRODUCTION 
 

High mortalities of many of the different life stages of the fish 
sourced from the wild for stocking in fish rearing ponds have 
been recorded. Among several factors that could cause the 
mortality is inadequate acclimatization of the fish to new 
culture medium and non-optimization of the rearing ponds to 
the ideal pH conditions. This is often neglected as a cause of 
mortality during breeding. In most fish ponds, the ideal water 
pH of 6–9 are usually provided for fish breeding without 
considering the pH of the habitat from where the fish were 
sourced and the optimal pH for culturing the fish. Cases of acid 
deposition and acidification of most aquatic habitats have been 
documented (Baker et al., 1996; Sivaramanan, 2015). This 
phenomenon also referred to as acid rain is increasing 
especially in developing countries where modernization, 
urbanization and population increase have been a major driving 
force to the effect. Acid rain is a term used to describe the 
coming in contact of rain water with oxides of sulphur and 

nitrogen which significantly makes the rain water highly acidic. 
Natural unpolluted rainwater is slightly acidic as a result of 
carbon dioxide dissolving in it. Rainwater becomes more acidic 
with the pollution of sulphur dioxide and nitrogen oxides to 
form sulphuric and nitric acids respectively. These pollutants 
come from burning of fossil fuels in thermal power stations, 
burning of gasoline in vehicles and heavy equipment and from 
smelting operations in oil industries and manufacturing 
industries (Singh & Agrawal, 2008). The effect of acid rain, 
acid deposition and increasing acidity of lakes on fish has been 
documented by various authors (Jensen & Snekvik, 1972, 
Fromm, 1980, Alabaster & Llyod, 1980, Ikuta, Amano, & 
Kitamura, 1999). One of the effects of acid deposition on water 
bodies is the lowering of the pH levels, which consequently 
decreases fish population (Baker et al., 1996). But in spite of 
acid deposition in these lakes and rivers, many fish species are 
known to live and adapt to the acidic waters. 
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Acid rain causes a numerous effect that harm or kill fish, 
decrease fish populations, eliminate fish species from a body of 
water, and decrease biodiversity. Water containing sulphuric 
acid is able to affect fish species indirectly and directly. It 
directly interferes by affecting a fish’s survival by decreasing 
its ability to take in oxygen, salt and nutrients. Osmoregulation 
in freshwater fish is very important for their 
survival. Osmoregulation is the process by which cells and 
simple organisms maintain fluid and electrolyte balance with 
their surroundings. The water’s acidic molecules cause mucus 
to form in their gills, preventing the fish to absorb oxygen. 
Suffocation will occur if the mucus increases. Also, low pH 
levels affect the balance of salts in fish tissues causing it to go 
off balance. Acid rain water flowing through soils allowing for 
aluminum to be released from the soils into bodies of water. 
The pH again decreases and aluminum levels increase creating 
toxic water to fish. This toxic water is able to cause chronic 
stress that may not kill the fish, however decreases its body 
weight and size. Being smaller and unhealthy makes competing 
for food and habitat harder. Fish are indirectly affected by their 
eggs not having a high survival rate because of acid rain. This 
is because at a pH level of the majority of fish eggs are not able 
to hatch or have deformities. If fish are not able to produce 
offspring their population declines as well as their fitness. 
 

In order to investigate the effects of acid rain on fish 
ecosystems and forecast the probable damage that could be 
sustained in the future, it is necessary to clarify detailed 
biological responses of fish to an acidic environment. 
Therefore, the aim of this study was to investigate the effects of 
acid rain exposure on fish’s behavior, survival, morphology, 
physiological changes and effects on oxidative biomarkers of 
fresh water Tilapia and the measurement of oxidative stress. 
 

MATERIALS AND METHODS 
 

Experimental Design 
 

Three experimental pH (4, 5 and 6) and a control pH (8.01) in 
triplicates of each pH were used for the experiment. 
Concentrated sulphuric acid was used for acidification of the 
culture media. The sulphuric acid was added to deionized water 
to make stock pH-adjusted solution water. This was to ensure 
that the pH would not change over the period of the experiment 
due to evaporation, precipitation or with the addition of 
deionized water. Fifty liters of pH 4, 5 and 6 for the stock 
solution was prepared by serial dilution using the acid and 
deionized water. WTW portable pH/EC/TDS/ Temperature 
combined water proof tester/meter model pH 3110 SET2 
(Germany) was used to test the pH levels of each stock 
solution. The control pH was fresh tap water having a pH of 
8.01. Daily readings of the pH in the treatment tanks were 
performed at 8.00 am and 2.00 pm using the WTW portable 
pH/EC/TDS/Temperature combined water proof tester/meter 
model pH 3110 SET2 (Germany). 
 

Experimental fish maintenance and Treatment 
 

Experimental fish in the present study were Tilapia. They were 
taken from unpolluted fish farm of EPDA located in Ras Al 
Khaimah, UAE. The initial body length and weight of fish were 
(8-11.5 cm) and (14.4-52 g), respectively. All Tilapia were 
transported in plastic containers with continuous aeration to the 
lab. All fish (6 fish/aquarium) were maintained for one week in 

glass aquaria with 50 L aerated, dechlorinated tap water. Water 
temperature was maintained at 25 °C, while salinity was 1.12–
1.002 respectively. Photoperiod was 12 h light: 12 h dark. 
During the acclimatization period, fish were fed once daily 
with commercial pellet food (20% crude protein, 4% crude fat, 
5% crude fiber, 12% crude ash and 10% crude moisture). Dead 
fish as well as any fish showing any unusual performances 
were excluded. After acclimatization period (1 week), fishes 
were transferred to small glass aquaria of acidified water of pH 
4, 5, and 6 as well as the control with a base pH of 8.01. The 
exposure period was 6 days.  
 

Data collection 
 

Survival of the fish was evaluated daily by counting of 
surviving fish in each tank. Tactile and visual observations 
were carried out daily to observe morphological and behavioral 
changes that occurred due to the effect of different 
concentration of the acids on the fish. 
 

Sample collection 
 

At the end of the treatments, the weights of whole fish as well 
as of the brain, liver and gill were measured. Tissues were 
dissected out and used for analysis. Samples were obtained 
from all fishes (control and treated) in replicates similar 
procedure was followed. Tissues were used for biochemical 
and protein analysis. Tissues from fishes were pooled to obtain 
biological samples and a total sample were used for all 
experimentations. 
 

Measurement of Biomarkers 
 

For evaluation of oxidative damage, liver, brain and gills were 
homogenized in cold buffer (pH 7.4) per gram tissue using a 
homogenizer. Then the homogenates were centrifuged at 4000 
rpm for 15 min and the supernatants were stored in refrigerator 
until used. Oxidative stress was detected in supernatant of the 
tissue homogenate (GST, GSH, AChE, Protein), (Saif Al Ghais 
et al, 2019). 
 

Glutathione-S-transferase (GST) assay 
 

Jakob et al. (1980) protocol was followed for measuring GST 
activity. GST catalyzes the conjugation of GSH to CDNB 
through the thiol group of the glutathione and making CDNB-
GSH adduct and this CDNB-GSH adduct was used to measure 
GST activity (Saif et al. 2019). 
 

Glutathione reduced (GSH) 
 

According to Saif et al. (2019) this reaction mechanism 
involves oxidation of GSH (Glutathione, CAS No:1.04090.005, 
Merck) by 0.01 Mole DTNB (5,5 dithio bis-2-Dinitrobenzoic 
acid, CAS No:422592J, VWR UK) to form glutathione 
disulfide and yellow derivative of 5, thio 2-nitrobenzoic acid 
and its measured at 412 nm by spectrophotometer. 
 

Acetylcholine esterase (AChE) 
 

According to method described in our previous paper (Saif Al 
Ghais et al ,2019) for estimation of AChE. There is rate of 
production of thiocholine (Acetocholine iodide, CAS No:1866-
15-5, VWR UK) and this is measured by continuous reaction of 
hydrolysis of thiocholine with DTNB (0.01 M) (5,5 dithio bis-
2-Dinitrobenzoic acid, CAS No:422592J, VWR UK) to 
produce yellow colour compound 5-thio-2-nitro benzene ion. 
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the rate of colour production of the reaction is measured at 412 
nm by spectrophotometer. 
 

Protein Estimation  
 

Protein was estimated by the method of Lowry et al., 1951. The 
liver, brain and gills samples of fish muscle was taken out, 
washed with ice-cold normal saline, dried and weighed 
(Bhardwaj et al. 2014: Saif Al Ghais et al 2018). 
 

Statistical analysis 
 

Data are expressed as mean. Pair wise comparisons were 
performed. Experimental error was determined for triplicate 
assays and expressed as standard deviation (SD). 
 

RESULTS 
 

Mortalities were recorded after 6 days of exposure to pH 4, 5 
and 6, the following mortalities were recorded: 33% in pH 4, 
17% in pH 5 and 25% in pH 6, while the mortality in the 
control pH was 0% (Table 1). In pH 5, one fish died on first 
day treatment, in pH 4 and 6 fishes were lazy and slow 
movement was observed after treatment but died between 1 and 
5 days. In the control pH, no death was recorded. 
 

Table 1 Mortality (%) and survival (%) of Tilapia in different 
pH and control pH 

 

pH Treatment Days of exposure Survival (%) Mortality (%) 
Control 6 100 0 
pH-4 6 67 33 
pH-5 6 83 17 
pH-6 6 75 25 

 

Morphological and behavioural changes 
 

Morphological and behavioural changes observed in the fishes, 
especially in pH 5 include hyperactive. Slimy mucous 
secretions on the gills and body surface, dark body colouration 
were observed on the gills and body surface; peeling and skin 
erosion were also noted. In pH 4 and 6, Fishes were fine, weak 
swimming behaviour, lethargic, they were confined to the 
bottom of the tank and only moved when agitated with the 
movement being in one direction, feeding impaired, movement 
not impaired (Table 2). In control, no morphological 
abnormalities were seen. Fishes were fine, swim normal, No 
feed impairment. 
 

 
 
 
 
 
 
 
 

 
Effect of Acidification on enzymes (GSH, AChE, GST) and 
protein  
 

The levels of various enzymes were analyzed in liver, brain and 
gills of control and treated groups and exposure to acidification 
was found to modify the enzyme performance more. 
 

Glutathione reduced (GSH) 
 

For GSH, acidification effected more liver and gills as 
compared to control (Fig 1). In liver at pH 4, GSH affected 

more than gills. But in case of pH 4, pH 5 and pH 6 gills was 
affected equally. When compared with control, the level of 
GSH in treated fishes reduced to more than half the original 
concentration. 
 

Figure 1 Average GSH content in Tilapia in liver and gills and in Control. 
Data were expressed as mean and with standard deviation error. 

 

Acetylcholine esterase (AChE) 
 

For AChE, the brain was most effected in case of pH 4 and pH 
5 treated as compared to control but in case of liver the treated 
showed 80% reduction in pH 4 and pH 5 as compared to 
control. But in case of pH 6 not much affected. In case of gills, 
toxicity with pH 4 and pH 5 was 70% affected as compared to 
control (Fig 2).  
 

 
 

Figure 2 Average AChE content in Tilapia in liver, gills, brain and Control. 
Data were expressed as mean and error bars indicate SD 

 

Glutathione-S-transferase (GST) assay 
 

For GST, the toxicity was more in case of liver at pH 6 as 
compared to control (Fig 3). There was 70% effect in liver as 
compared to control in pH 6 but in case of gills was 50% in pH 
4, pH 5, pH 6.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2 Morphological and behavioural observations of Tilapia at different pH and control 
 

Observations pH-4 pH-5 pH-6 Control 

Morphological 
Slimy mucous secretions on the 

gills and body surface, dark 
body colouration 

Slimy mucous secretions on the 
gills and body surface, dark 

body colouration 

No any Morphological changes, normal body 
colouration, no morphological abnormalities 

no morphological 
abnormalities seen 

Behavioral 

lethargic, they were confined to 
the bottom of the tank and only 
moved when agitated with the 

movement being in one 
direction, feeding impaired 

Fishes were fine ,become 
hyperactive, swim fast, swim 

every area of aquarium 

Fishes were fine ,swim lazy, lethargic, they 
were confined to the bottom of the tank and 

only moved when agitated with the movement 
being in one direction, feeding impaired, 

movement not impaired. 

Fishes are fine 
,swim normal ,No 
feed impairment 
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Figure 3 Average GST content in Tilapia in liver and gills and in Control. Data 

were expressed as mean and error bars indicate SD. 
 

Protein 
 

The amount of protein was reduced to 90% in case of gills 
treated with acid. But in case of brain fish treated showed 50% 
reduction (Fig 4) and in liver, 80% at pH4 and pH 5 and 50% 
in pH 6. 

 
Figure 4 Average protein content in Tilapia in liver, gills, brain and in Control. 

Data were expressed as mean and error bars indicate SD. 
 

DISCUSSION 
 

Acid rain or acid deposition is a serious problem affecting fish 
and fisheries in many parts of the world. In no time, the effects 
on fish and fisheries would also be felt in developing world due 
to increasing population, urbanization and modernization. 
Several factors such as species (Palmer, Klauda, & Lewis, 
1988), stock and strain (Robinson, Dunson, Wright, & 
Mamolito, 1976) and life stage (Kwain & Rose, 1985) are 
known to influence acidic toxicity based on acid deposition on 
fishes. Despite the acclimatization of tilapia under laboratory 
conditions, the effects of the acidic media were strongly felt on 
the fish in terms of survival, mortality, morphology and 
behaviour. The pH tolerance of fish has been shown to increase 
with age of the fish (Rask, 1984). The morphological effects 
were more pronounced on the fish due to the scale less nature 
of the skin which allowed the acid to penetrate into the skin and 
be transported along the body fluid into various organs of the 
body. The survival and mortality recorded in the species could 
be linked to the morphological and behavioural responses of 
the fish in the different acidic media. 
 

All the tilapia did not survive in acidified water of pH 4,5 and 6 
in this work. This could be due to toxic action of hydrogen ions 
which affected oxygen uptake leading to acid stress, 
precipitation of proteins within the epithelial cells and/or 
acidosis of the blood (Boyd, 1990). It could also be probably 
attributable to erosion of the epidermal layer of the integument 
and gills, sodium ion influx inhibition (Duarte, Ferreira, Wood, 
& Val, 2013), brain, kidney and spleen injury, lysis of 
erythrocytes as reported by Daye and Garside (1980) and Hill 
et al. (1988)) and failure of the ionoregulatory system leading 
to circulatory collapse (Peterson & Martin-Robichaud,1986).  

 

Oxidative stress is a state of abundance of reactive oxygen 
species (ROS), which interfere with biological processes by 
disturbing or damaging homeostasis. In this study, the activity 
of oxidative stress enzyme AChE, GSH, and GST indicate the 
alteration of normal homeostasis. Acidification caused 
molecules for generating oxidative stress and responsible for 
cell death (Fahmy & Cormier, 2009). In fish, the gills are the 
first line of defense for any pollutant by secreting mucous 
(Handy & Maunder, 2009).  
 

GSH plays an important role in non-enzymatic antioxidant 
system, since it acts as a reductant in conjugation with 
xenobiotics (Kanak et al., 2014). In the present study, GSH 
contents in the liver and gill tissues of Tilapia exposed to acid 
showed a significant decrease, as compared to control.  
 

CONCLUSION 
 

This study has shown that mortality increases with decrease in 
pH, behavioral responses and morphological abnormalities 
recorded in Tilapia were due to the toxic effect of the acid on 
the body physiology. The research also shows that tilapia can 
be described as acid-tolerant species (acidophilic). It is 
concluded that, after exposure of fishes for 6 days at pH 4, 5 
and 6, the mortality was 33%, 17%, 25%.  Morphological and 
behavioral changes observed include erratic swimming, 
gasping, slimy mucous secretions, skin erosion, bleeding of 
fins, impairment in feeding and lethargy. The results also 
indicated that the activity oxidative stress enzymes reduced 
glutathione (GSH), acetylcholinesterase (AChE) and 
glutathione -S-transferase (GST) were significantly decreased 
in the liver, brain and gills of the treated groups when 
compared to control. The results suggest that exposure of 
Tilapia fish to acid rain causes oxidative stress and impart 
serious deleterious effects in the tissues which may affect fish 
growth and development and causes death.  
 

Acknowledgement  
 

Authors would like to thank EPDA. The authors would like to 
thank all individuals who provided their efforts for this 
research. 
 

Abbreviations 
 

GSH, reduced glutathione; AChE, acetylcholinesterase; GST, 
glutathione -S-transferase; CDNB, 1-Chloro 2,4 
Dinitrobenzene; CF, Control Fish; TF1, Treated fish. 
 

Conflicts of interest  
 

The authors declare no conflict of interest pertaining to the 
research report in this manuscript. 
 

Availability of data and materials  
 

The relevant data and materials are available in the present 
study.  
 

Competing interests  
 

The authors declare that they have no competing interests. All 
procedures followed were in accordance with the ethical 
standards (institutional and national). All institutional and 
national guidelines for the care and use of laboratory animals 
were followed. 
 

Ethics approval and consent to participate 
 

Not applicable. 
 



International Journal of Recent Scientific Research Vol. 10, Issue, 12(A), pp. 36233-36237, December, 2019 

 

36237 | P a g e  

Consent for publication 
 

Not applicable. 
 

Funding 
 

Not applicable. 
 

References 
 

Alabaster, J. S., & Lloyd, R. (1980). Water quality criteria 
for freshwater fish. London, UK: Butterworths. 

Baker, J. P., Sickle, J. V., Gagen, C. J., DeWalle, D. R., 
Sharpe, W. E., Carline, R. F., Wigington, J. P. J. (1996). 
Episodic acidification of small streams in the Northeast 
United States IV: Effects on fish populations. Ecological 
Applications, 6(2), 422–437. 

Boyd, C.E. (1990). Water quality in ponds for aquaculture. 
Auburn, AL: Birmingham Publishing. 

Bhardwaj. V, Garg. N (2014). Pectinase production by 
Delftia acidovorans isolated from fruit waste under 
submerged fermentation Int. J. Sci. Res. Volume 3; 261-
265. 

Daye, P. G., & Garside, E. T. (1980). Structural alterations in 
embryos and alevins of the Atlantic salmon, Salmo salar 
L. induced by continuous or short term exposure to 
acidic levels of pH. Canadian Journal of Zoology, 58, 
27–43. 

Duarte, R. M., Ferreira, M. S., Wood, C. M., & Val, A. L. 
(2013). Effect of low pH exposure on Na+ regulation in 
two cichlid fish species of the Amazon. Comparative 
Biochemistry and Physiology Part A: Molecular & 
Integrative Physiology, 166(3), 441–448. 

Fahmy, B., & Cormier, S. A. (2009). Copper oxide 
nanoparticles induce oxidative stress and cytotoxicity in 
airway epithelial cells. Toxicology in Vitro, 23, 1365-
1371.  

Fromm, P. O. (1980). A review of some physiological and 
toxicological responses of freshwater fish to acid stress. 
Environmental Biology of Fishes, 5(1), 79-93. 

Handy, R. D., & Maunder, R. J. (2009). Osmoregulation and 
ion transport: Integrating physiological, molecular and 
environmental aspects. London: Essential Reviews in 
Experimental Biology, Society for Experimental 
Biology Press.  

Hill, J., Foley, R. E., Blazer, V. S., Werner, R. G., & 
Giannon, J. E. (1988). Effects of acidic water on young-
of-the-year smallmouth bass (Micropterus dolomieui). 
Environmental Biology of Fishes, 21, 23–29. 

Ikuta, K., Amano, M., & Kitamura, S. (1999). Effects of acid 
rain on inland water ecosystem - effects on fish. 
Kankyokagakukaishi, 12(2), 259-264. 

Jakoby, W. B., Habig, W. H., & Jakoby, W. B. (Eds.). 
(1980). Enzymatic basis of detoxication pp. 63-94. New 
York: Academic Press  

 
 
 
 
 
 
 

Jensen, K. W., & Snekvik, E. (1972). Low pH levels wipe 
out salmon and trout populations in southernmost 
Norway, Ambio, 1(6), 223-225. 

Kanak, E.G., Dogan, Z., Eroglu, A., Atli, G., Canli, M. 
(2014). Effects of fish size on the response of 
antioxidant systems of Oreochromis niloticus following 
metal exposures. Fish Physiol. Biochem. 40, 1083–1091. 

Kwain, W., & Rose, G. A. (1985). Growth of brook trout, 
Salvenlinus fontinalis, subject to sudden reduction of pH 
during their early life history. Transactions of the 
American Fisheries Society, 114(1), 564-570. 

Lowry, O.H., Rosebrough,N.J., Farr,A.L.,and Randall,R.J 
(1951) J.Biol.Chem193:265 (The original method).  

Palmer, R. E., Klauda, R. J., & Lewis, T. E. (1988). 
Comparative sensitivities of bluegill, channel catfish, 
and fathead minnow to pH and aluminum. 
Environmental Toxicology and Chemistry, 7(6), 505-
516. 

Peterson, R. H., & Martin-Robichaud, D. S. (1986). Growth 
and major inorganic cation budgets of Atlantic salmon 
alevins at three ambient acidities. Transactions of the 
American Fisheries Society, 115, 220–226. 

Rask, M. (1984). The effect of low pH on perch, Perca 
fluviatilis L. II. The effect of acid stress on different 
development stages of perch. Annales Zoologici Fennici, 
21(1), 9-13. 

Robinson, G., Dunson, W., Wright, J., & Mamolito, G. 
(1976). Difference in low pH tolerance among strains of 
brook trout (Salvenlinus fontinalis). Journal of Fish 
Biology, 8(1), 5-17. 

Saif Al Ghais and Vibha Bhardwaj (2018). Nannochloropsis 
as potential fish feed. International journal of Science 
and Research, ISSN: 2319-7064: Volume 7 Issue 12, p 
278-282. 

Saif Al Ghais, Vibha Bhardwaj, Pramod Kumbhar and Omar 
Al Shehhi (2019). Effect of copper nanoparticles and 
organometallic compounds (dibutyltin) on tilapia fish, 
The Journal of Basic and Applied Zoology, Springer 
Nature (2019) 80: 32, https://doi.org/10.1186/s41936-
019-0101-7. 

Saif Al Ghais, Vibha Bhardwaj and Pramod Kumbhar 
(2019). Impact of different concentration of copper 
nanoparticles and organometallic compounds on 
biomarkers of tilapia fish. Int. J. Adv. Res. 7(10), 1074-
1080, http://dx.doi.org/10.21474/IJAR01/9925. 

Sivaramanan, S. (2015). Acid rain, causes, effect and control 
strategies. https://doi.org/10.13140/RG.2.1.1321. 
4240/1. 

Singh, A., & Agrawal, M. (2008). Acid rain and its 
ecological consequences. Journal of Environmental 
Biology, 29(1), 15-24. 

 
 

How to cite this article:  
 

Vibha Bhardwaj, Saif Al Ghais and Pramod Kumbhar 2019., Impact of Acid Rain on Mortality And Biomarkers of Tilapia Fish. 
Int J Recent Sci Res. 10(12), pp. 36233-36237. DOI: http://dx.doi.org/10.24327/ijrsr.2019.1012.4885 


