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Abstract: In this study, the protective effects of zeolite added to water on tilapias exposed to sub-

lethal concentration of copper was investigated. Treatment groups were copper, copper+zeolite, 

zeolite, and control. After 90 days trial, weight-length, copper accumulation in the liver, and 

muscle protein ratios of fishes were measured. BUN, LDH, glucose, cholesterol, and triglyceride 

parameters of blood were also measured by taken monthly blood samples. The highest increase 

in weight was observed in zeolite treatment by 68.5%. Copper accumulations in the liver were 

12.6; 10.8; 1.27 and 1.33 ppm for the copper, copper + zeolite, zeolite, and the control groups, 

respectively. Although BUN, LDH, cholesterol of copper + zeolite treatment were lower, 

triglyceride and glucose levels were higher compared to the control group (p<0.05). Muscle 

protein ratios decreased in all treatments at the end of the study. According to these results, zeolite 

treatment against copper toxicity in tilapia would be recommended. 
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Öz: Bu çalışmada bakırın sublethal düzeyine maruz kalmış Tilapyalar üzerine suya ilave edilen 

zeolitin koruyucu etkisi araştırılmıştır. Muameleler; bakır, bakır+zeolit, zeolit ve kontroldür. 

Doksan günlük deneme sonunda balıkların ağırlık ve boyca gelişimi, karaciğerde bakır birikimi 

ve kas protein oranları ölçülmüştür. Ayrıca her ay yapılan kan örneklemelerinde BUN, LDH, 

glikoz, kolesterol, trigliserit parametreleri de ölçülmüştür. Ağırlık değişimi en yüksek % 68,5 

oranı ile zeolit muamelesinde bulunmuştur. Karaciğer bakır birikimleri bakır, bakır + zeolit, zeolit 

ve kontrol muameleleri için sırasıyla 12,6; 10,8; 1,27; 1,33 ppm olarak bulunup,  istatistiksel 

olarak aralarındaki fark önemlidir (p<0,05). Deneme sonunda bakır + zeolit muamelesinin kan 

parametreleri, kontrol muamelesi ile karşılaştırıldığında, BUN, LDH, kolesterol seviyesi düşük 

bulunmuştur. Buna karşın trigliserit ve glikoz seviyesi yüksek bulunmuştur. Başlangıç protein 

oranına göre, deneme sonundaki kas protein oranı düşük bulunmuştur. Bu sonuçlara göre, 

Tilapya’da bakır toksisitesine karşı zeolit uygulanması önerilebilir. 

 

Anahtar kelimeler: Clinoptilolit, doğal zeolit, kan parametreleri, Oreochromis niloticus, tilapya. 
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INTRODUCTION 

 

Copper sulfate can be used in aquaculture for 

algae control in ponds, including high-build and 

filamentous algae such as Chara. Besides, it is used for the 

control of external parasites such as Ichthyophthirius 

multifiliis. If the environment alkalinity is lower than 50 

ppm or higher than 250 ppm, copper sulphate should not 

be applied (Boyd & Tucker, 1998; Watson & Yanong, 

2002). Car graveyards, cooling water discharges, copper-

containing pesticides, water distribution pipes, brake 

linings of vehicles such as cars, trucks, buses and trucks, 

metal plating and processing industry, refineries, roofing 

materials and mine smelting enterprises are reported as 

sources of copper contamination in the environment 

(Fialkowski & Newman, 1998). Soluble copper 

compounds from agricultural runoff can be extremely 

harmful. When they enter aquatic ecosystems, they usually 

bind to particles in the water in about a day and thus pose 

less of a threat to the environment depending on the 

environmental conditions. It is reported that copper is not 

carcinogenic (ATSDR, 2003).  

Evaluation of blood parameters in animals is a 

conventional method and an important finding. With this 

simple technique, it is possible to make reliable decisions 

about the physiological situation of the animal. Many 

factors are affecting the blood parameters in fish. These 

may be environmental (temperature, photoperiod, density, 

salinity), physiological (sexual maturation cycle, age, 

gender, nutrition), and social (social hierarchy) factors. 

Monitoring of blood chemistry in aquaculture practices has 

been reported to be closely linked to water quality, disease 

or exposure to toxic substances (Başusta, 2005; Chen et al., 

2003; Türkmen et al., 2000). Cholesterol, a type of lipid, is 

the most important member of the sterols found in animal 

tissues. It is found as free and combined with fatty acids in 

all cells and blood of fish. It has been found that serum 

cholesterol level in fish varies according to gender. If its 

amount in the blood is high, it can cause cardiovascular 

diseases. Fish needs a certain amount of to maintain their 

vital functions (Akyurt, 2004). It reduces the blood 

cholesterol level of copper, chromium, calcium, vitamin C 

and E. Salts increase the cholesterol level in the blood 

(Alfin-Slater & Howton, 1993). There may be an increase 

in serum BUN levels of fish that add copper to their diet. 

This increase causes deterioration and incomplete 

development of gill epithelial cells and should be 

understood as a clinical explanation of the impairment in 

respiratory and excretory balance (Cicik, 2003).  

Although zeolite studies have continued 

intensively in the last 50 years, the use of natural zeolite 

has gained importance in recent years. Natural zeolites 

remove cations from water by ion exchange (Türkman et 

al., 2001). Clinoptilolite has a very high selectivity against 

heavy metal ions such as Pb+2, Zn+2, Cd+2, Ni+2, Cu+2, Fe+2 

and Mn+2 (Park, 2000; Türkman et al., 2001). It is known 

that heavy metal pollution causes stress in fish and stress-

related changes occur in metabolism. Glycogen stored in 

the muscle and liver tissues of fish is used to meet the 

urgent energy requirement under stress (Cicik, 2003; 

Akyurt, 2004). There are many studies on metal toxicity 

and the effect of zeolite on blood parameters in fish (Fırat 

& Şahin İnandı, 2016; Mutlu et al., 2016; Oğuztürk et al., 

2018; Çoğun & Kargın, 2019; Çoğun & Kargın, 2020; 

Chen et al., 2020). In this study, it was aimed to investigate 

the protective effect of zeolite in the water on tilapia 

exposed to the sub-lethal level of copper sulfate. Due to the 

high ion exchange capacity of the zeolite, the effects of 

copper on the accumulation of fish liver and some blood 

parameters were studied. 

 

MATERIAL AND METHODS 

 

Tilapia (Oreochromis niloticus) was used as a fish 

material in the study. Until the trial begins, fish were fed 

with a commercial feed in 200x50x50 cm polyethylene 

tanks. Later, it was stocked as 32 pieces in each aquarium. 

This study was carried out in Mustafa Kemal University 

Faculty of Fisheries, Aquarium Unit. Aquariums were 

80x40x40 cm in size and 128 liters, 90 liters of this volume 

have been used. The water depth in the aquariums is 

planned as 28.1 centimeters. The aeration system and the 

heaters in aquariums were operated continuously. Tap 

water was used in the experiment.  To remove wastes from 

aquariums, 2/3 of the aquarium water volume was 

siphoned every 3 days. Then with the same amount of 

water, the amounts of CuSO4·5H2O and zeolite contained 

in the water calculated and returned to the aquarium. 

Experimental groups and their contents were given in 

Table 1. 

 

Table 1. Experimental groups. 
 Experimental groups 

Cu (mg/L) Cu + Zeolite (mg/L) Zeolite mg/L) Control 

Contents 1.5  1.5 + 50 50 ----- 

 

Three fish were taken from each aquarium every 

30 days and a repeat has been created. The trial was carried 

out in one-month periods for 3 months (3 terms). Fish were 

fed with commercial feed containing 30% crude protein 

and 2600 kcal/kg metabolic energy and they were fed with 

3% of their live weight in three meals a day. Fish was 

anesthetized with 1/20000 concentration Quinaldine and 

blood was drawn from the tail area. Post-anesthetized, 3 ml 

blood from the tail parts of fish was taken into sterile tubes 
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containing EDTA (2.5 mg/ml). Samples were collected 

individually into plastic vials and the serum separated by 

centrifugation at 4,000 rpm for 10 min, was then processed 

immediately by an automated cell analyzer (Merck-

Mega/Toshiba-Japan) to analyze blood cholesterol, 

glucose, triglycerides, BUN (blood urea nitrogen) and 

LDH (lactate dehydrogenase) levels (Bricknell et al., 

1999).  

Liver samples of the fish from which blood 

samples were taken were also taken and burned in the ash 

furnace (Yazkan et al., 2002), ash samples were treated 

with acid (Ünlü & Gümgüm, 1993), and were filtered and 

completed to 25 ml with deionized water (Türkmen & 

Öğütçü, 2020). Liver samples ready for analysis were read 

at 324.8 nm in the ICP device and expressed as mg/kg dry 

weight. Crude protein determination in muscle samples of 

fish was analyzed by the Kjeldahl method (Duru, 2004). To 

test the differences between species, one- way ANOVA 

was performed (SPSS 21.0). A significance level was set 

to 0.05 for all statistical analyses. 

 

RESULT AND DISCUSSION 

 

The length, weight, liver weight and muscle tissue 

protein ratios of the fish according to the experimental 

groups are presented in Table 2. No death was observed 

during the trial period. It is seen that there is no difference 

between the groups in terms of initial length and weight of 

the samples (p>0.05). At the end of the experiment, the 

lowest value in fish weight was in the control group with 

22.2 g/fish, the highest value was found in the Cu + zeolite 

group with 26.6 g/fish (Table 2). 

 

Table 2. The mean values of the length, weight, liver weight and 

muscle tissue protein ratios of the fish according to the 

experimental groups. 
 

Parameters 

Experimental groups 

Cu Cu+Zeolite Zeolite Control p 

Initial weight (g) 16.7±0.5 16.6±1.0 14.3±0.5 16.2±1.4 0.28 

90th day weight (g) 24.6±4.8 26.6±3.7 24.1±3.6 22.2±5.5 0.91 

Initial length (cm) 10.0±0.1 10.0±0.1 9.40±0.1 9.53±0.3 0.10 

90th day length (cm) 11.6±0.6 11.8±0.6 11.3±0.7 11.3±0.7 0.94 

Initial liver weight (g) 0.15±0.0 0.20±0.0 0.13±0.0 0.15±0.0 0.19 

90th day liver weight (g) 0.51±0.1 0.48±0.1 0.60±0.1 0.61±0.0 0.80 

Initial muscle tissue 

protein ratio (%) 
12.4±1.6 10.2±1.2 10.6±1.1 11.2±0.2 0.52 

90th day muscle tissue 

protein ratio (%) 
8.93±0.6 9.11±0.5 7.95±0.2 9.55±0.4 0.24 

 

The increases in the experimental groups are 

given in Table 3. Maximum live weight gain 10 g fish-1 

with copper + zeolite treatment, the lowest body weight 

gain in the control treatment with 6.0 g fish-1 was found. 

Besides, at the end of the trial, the differences between the 

lengths and weights of the treatment groups were found to 

be statistically insignificant (p>0.05). Among the 

treatments, the lowest length gain was 1.60 cm in copper 

treatment, and the highest length gain was 1.90 cm in the 

zeolite treatment. Both body weight and liver weight 

increased at the end of the trial. The highest increase in 

liver weight gain was determined in the zeolite group with 

0.47 g fish-1 and the lowest in the copper + zeolite group 

with 0.28 g fish-1. At the end of the trial, a decrease in 

muscle tissue protein level was observed in all groups. The 

highest change in length was observed in the zeolite group 

with 20.2% and the lowest in the copper group with 16.0% 

(Table 3). The maximum weight change was observed in 

the zeolite group with 68.5% and the least in the control 

group with 37.0%. Although the percentage of weight 

change of fish exposed to copper only is higher than the 

control treatment, it is lower than the zeolite and copper + 

zeolite treatments. Also, the copper + zeolite treatment 

showed an improvement close to only the zeolite treatment, 

with a 60.2% weight gain change. The least change in 

protein level occurred in the copper + zeolite treatment 

with a decrease of 1.04%, and the most change in the 

copper treatment with a decrease of 3.44%. 

 

Table 3. Changes in trial groups after 90 days of study. 

Parameters 
Experimental groups 

Cu Cu +Zeolite Zeolite Control 

Body weight gain (g) 7.90 10.0 9.80 6.00 

Length gain (cm) 1.60 1.80 1.90 1.77 

Liver weight gain (g) 0.36 0.28 0.47 0.46 

Muscle protein ratio change (%) -3.44 -1.04 -2.67 -1.62 

Weight change (%) 47.3 60.2 68.5 37.0 

Length change (%) 16.0 18.0 20.2 18.6 

 

At the end of the experiment, protein ratios were 

found as 8.93% in copper treatment, 9.11% in copper + 

zeolite treatment, 7.95% in zeolite treatment, and 9.55% in 

the control treatment. In a trial conducted on fish exposed 

to lethal doses of copper, the carcass protein ratios of the 

groups treated with 0.15 ppm, 0.30 ppm, 0.50 ppm and 0 

ppm copper in water were reported as 14.94; 14.95; 14.82 

and 15.18. The researchers reported that a decrease in 

protein due to an increase in copper concentration in water 

at the end of the experiment was statistically significant for 

the carcass protein ratio (Alı et al., 2003). Proportions of 

protein obtained in this study were lower than the values 

reported by Alı et al., (2003). The amount of crude protein 

ratio in fish meat varies according to the type, age, sex, 

feeding environment, breeding and migration seasons of 

the fish. The amount of protein in fish meat varies between 

15-24% (Gülyavuz & Ünlüsayın, 1999). 

Copper Accumulation: Copper accumulation in 

the liver levels obtained at the end of the trial according to 

the experimental groups were presented in Table 4. The 

lowest copper accumulation was observed in the zeolite 

group (50 mg/L zeolite) and similar to the control group, 

but statistically different from the copper and copper + 

zeolite groups (p<0.05). On the other hand, the highest 

accumulation was observed in the group exposed to 1.5 

mg/L Cu. Heavy metals increased the total protein 
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concentration in tissues with high metabolic activity. It has 

been reported that while the total protein ratio of the liver 

tissue increases in O.niloticus exposed to copper, the total 

protein ratio of the muscle tissue decreases (Kalay & 

Erdem, 2003). 

 

Table 4. Copper accumulation in the liver according to the 

experimental groups (ppm dry w.). 
 

 

Experimental groups 

Cu Cu +Zeolite Zeolite Control 

Accumulation 12.6±2.87b 

10,8±5,27b 

1,27±0,39a 

1,33±0,13a 

10.8±5.27b 1.27±0.39a 1.33±0.13a 

*Horizontally, different letters show statistically significant differences between groups (p<0.05). 

 

This situation was similar to our findings. In a 

study, the copper accumulation in the liver was reported as 

16.27 ppm, 24.41 ppm, 38.34 ppm, and 10.92 ppm, 

respectively (Alı et al., 2003). These reported values are 

different from our findings. This may be due to differences 

in water quality parameters (pH, alkalinity, and hardness), 

fish weights, copper exposure time, and copper 

concentrations added to the water. Water containing high 

levels of copper causes vomiting, diarrhea, nausea, and 

cramps. It accumulates mostly in the liver, kidney, 

stomach, lung, intestine, heart, brain and adrenal gland 

(ATSDR, 2003). Also; copper, an essential element for the 

enzyme system in fish, is toxic at high concentrations. 

Higher levels of copper in the water cause fish species to 

consume oxygen faster. It also binds to the structure of 

proteins containing histidine, cysteine and methionine, 

preventing them from fulfilling their functions. The 

primary target for copper in water is the fish's large surface 

area gills (Van Heerden et al., 2004). 

In another study conducted to examine the effect 

of zeolite and copper on tilapia, 2.14 mg/L copper was 

added to the water. At the end of the 90th day, liver copper 

accumulation was 8.63 ppm in tilapia exposed only to 

copper, while it was observed that liver copper 

accumulation decreased significantly with increasing rates 

of zeolite. In the same study, it was also reported that 

copper ratios of tilapia exposed to copper and zeolite 

decreased significantly over time (James & Sampath, 

2003). This situation is similar to our findings. In a study 

conducted on carp fish, protection from lead toxicity was 

investigated by adding zeolite to the water, and no 

statistically significant difference was found between 

treatments in liver weight and weight gain at the end of the 

trial (Tepe et al., 2004). In our study, the addition of zeolite 

caused a decrease in liver copper accumulation. 

Blood parameters: Three-period analyses results 

of blood parameters according to the experimental groups 

are given in Table 5. Blood Urea Nitrogen, LDH, and 

glucose levels generally showed an increasing trend in all 

experimental groups depending on the time. On the other 

hand, cholesterol levels showed an increase in the copper 

and copper + zeolite group, and a decrease in the zeolite 

group, depending on time. BUN was the lowest in all 

periods in the control group and the highest in the Cu + 

zeolite group on the 90th day. LDH was lowest in the 

control group on the 30th day and the highest in the zeolite 

group on the 90th day. The glucose levels were the lowest 

in the Cu + zeolite group on the 30th day and the highest on 

the 90th day in the zeolite group. Cholesterol levels were 

lowest in the control group on the 30th day and the highest 

on the 90th day in the zeolite group. Triglyceride levels 

were the lowest in the copper + zeolite group and the 

highest in the copper group on the 90th day. 

 

Table 5. Results of blood parameters according to trial 

periods and groups. 
Blood 

Parameters/Periods 

Experimental groups 

Cu Cu + Zeolite Zeolite Control 

BUN (mg dl-1)     

 30th day 2.30±0.0x 2.40±0.0x 1.90±0.0x 2.10±0.0x 

 60th day 2.60±0.0x 2.70±0.0x 2.00±0.0x 2.10±0.0x 

 90th day 2.80±0.0x 2.90±0.0x 2.20±0.0x 2.10±0.0x 

LDH (µg dl-1)     

 30th day 864±4.05x 893±1.76x 1268±1.45x 772±1.45x 

 60th day 1102±1.76y 974±2.30y 1492±1.45y 795±1.45y 

 90th day 1366±2.40z 1010±.57z 1528±1.15z 800±0.88z 

Glucose (mg dl-1)     

 30th day 122±0.67x 108±0.88x 160±1.16x 134±1.76x 

 60th day 135±1.20y 129±0.88y 160±0.58x 137±1.16x 

 90th day 148±0.88z 141±0.88z 162±0.57x 137±0.66x 

Cholesterol (mg dl-1)     

 30th day 134±0.88z 122±1.45z 128±0.67x 95±0.88x 

 60th day 123±0.88y 112±1.16y 138±0.58y 100±0.68y 

 90th day 112±0.58x 100±0.58x 141±0.58z 98±0.58y 

Triglyceride (mg dl-1)     

 30th day 59.67±2.60x 55.33±3.33x 56.33±2.73x 69.33±4.18y 

 60th day 57.33±1.20x 62.00±1.15y 51.67±0.33x 59.67±0.88x 

 90th day 73.00±0.58y 50.67±0.33x 53.67±0.33x 59.00±0.58x 
*Horizontally, different letters show statistically significant differences between groups (p<0.05). 

 

The fact that all blood parameters are at the 

maximum level on the 90th day can be explained by the 

stress that may be caused by the long-term retention of fish 

in aquariums. It has been reported that stress increases the 

blood glucose level significantly and the carbohydrate 

content of diets with different sources affects the blood 

glucose level (Yıldırım et al., 1999). 

It is known that heavy metal pollution causes 

stress in fish and stress-related changes occur in 

metabolism. Stored in the muscle and liver tissues of fish, 

glycogen is used to meet the urgent energy requirement 

under stress. It has been reported that non-lethal 

concentrations of copper in fish such as trout 

(Oncorhynchus mykiss) and carp (Cyprinus carpio) 

decrease glycogen levels in muscle and liver tissues and 

increase blood glucose levels (Cicik, 2003). The blood 

parameters obtained by analyzing the blood samples taken 

from the fish on the 90th day of the experiment are given 

in Table 6. The differences between experimental groups 

were found to be statistically significant for all parameters 

(p<0.05). The control group was lower than the other 

groups for LDH and cholesterol. The lowest BUN levels 
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were observed in the zeolite group and the highest in the 

copper + zeolite group.  

 

Table 6. The blood parameters obtained according to the 

experimental groups on the 90th day of the trial. 
 

Blood Parameters 

Experimental groups 

Cu Cu+Zeolite Zeolite Control 

BUN (mg dl-1) 2.57±0.07b 2.67±0.07b 2.03±0.04a 2.10±0.00a 

LDH (µg dl-1) 1111±72c 959±17b 1429±40d 789±4.4a 

Glucose (mg dl-1) 135±3.78b 126±4.73a 160±0.44c 136±0.73b 

Cholesterol (mg dl-1) 123±3.15c 111±3.23b 136±2.04d 97.9±0.81a 

Triglyceride (mg dl-1) 65.3±2.58b 56.0±1.94a 53.9±1.05a 62.7±2.08b 

*Horizontally, different letters show statistically significant differences between groups (p<0.05). 

 

The highest levels of LDH, glucose and 

cholesterol were observed in only zeolite added group. On 

the other hand, the highest triglyceride level was observed 

in the copper added group and the lowest in the zeolite 

group. Triglyceride is the most common form of lipids 

stored in adipose tissue and is the main source of energy. 

Triglyceride is synthesized in the intestinal mucosa and 

liver by digestion and absorption of lipids in food content 

(Atamanalp et al., 2003). 

In one study, blood cholesterol levels were 

reported as 104.5 mg dl-1 for control, 239 mg dl-1 for lead-

only treatment, 171.5 mg dl-1 for zeolite + lead, and 164.5 

mg dl-1 for zeolite alone. However, it has been reported 

that lead alone treatment caused a statistically significant 

increase in LDH and cholesterol levels compared to the 

control treatment (Tepe et al., 2004).  

This situation is similar to our study, and our 

findings for glucose and cholesterol were lower than Tepe 

et al., (2004) findings. In a study by Hussein et al. (1996) 

on Tilapias (O. niloticus) weighing an average of 38.46 g, 

BUN, cholesterol, and glucose levels were reported as 8.41 

mg dl-1, 161.3 mg dl-1, and 52.3 mg dl-1, respectively (Chen 

et al., 2003). The BUN and cholesterol levels of this study 

were high and the glucose level was low in our study. 

In a study conducted on tilapias, glucose was 

found to be the lowest 52 mg dl-1, the highest 156 mg dl-1, 

the lowest cholesterol 162 mg dl-1, the highest 440 mg dl-1 

and the BUN value of 2 mg dl-1 (Chen et al., 2003). When 

compared with the values of our study, glucose levels are 

consistent with the mentioned study. The cholesterol level 

was found to be lower than the study mentioned. The BUN 

level was found to be compatible with the control and 

zeolite treatments, higher than the copper and copper + 

zeolite treatment. Prolonged exposure to copper in tilapia 

fish may cause liver glycogen to be transported into blood 

glucose. Glucose, cholesterol, and BUN values indicate 

short-term exposure to copper, and low levels indicate 

long-term copper exposure (Straus, 2003). The findings of 

our trial point to long-term copper exposure. The most 

easily used carbohydrate by fish is glucose and the only 

sugar found in the blood (Hoşsu et al., 2001). Blood 

glucose is stored in the livers of fish as glycogen and 

converted into glucose when the organism needs it and fed 

into the blood (Başusta, 2005). With the breakdown of 

glucose, the energy needed to maintain vital activities is 

provided (Hoşsu et al., 2001). Mostly, the pollution of the 

environment in which the fish lives or the stress factor that 

occurs due to any reason causes the muscle activity in the 

fish to increase. Accordingly, the amount of blood glucose 

increases (Başusta, 2005). It has been reported that 

although the blood glucose level of fish rises suddenly after 

feed intake, it needs a long time to decrease to the same 

level again and is also affected by heavy metals and feed 

composition (Erdoğan et al., 2000; Yıldırım et al., 2000; 

Şahan & Cengizler, 2003). 
 

CONCLUSION 

 

In this study, the effects of zeolite on the 

accumulation of copper in fish and its toxicity on 

some blood parameters were investigated by adding 

1.5 mg/L and 50 mg/L zeolite to the aquatic 

environment with tilapias. The highest body weight 

gain was found in the zeolite treatment with 68.5% 

and the lowest in the control treatment with 37.0%. 

This may be an indication that fish develop better in 

the presence of zeolite in the environment. The 

highest decrease in muscle tissue protein ratios was 

found in the copper group and the least decrease in 

the copper + zeolite group. This can be explained by 

the fact that zeolite added to water causes an 

improvement in the ratio of muscle tissue protein in 

fish exposed to copper. Liver copper accumulation 

decreased in copper + zeolite treatment compared to 

copper treatment, but this decrease was not 

statistically significant (p> 0.05). This can be thought 

to be caused by differences in water quality (pH, 

alkalinity, hardness and salinity), fish weights, copper 

exposure time, and concentrations of copper in water. 

Cholesterol level decreased in copper and copper + 

zeolite treatments throughout the trial. This situation 

may be caused by the copper in the environment. On 

the other hand, it increased during the trial in zeolite 

treatment. The statistical similarity between the 

copper + zeolite treatment and the control treatment 

at the end of the experiment can be explained by the 

adaptation of the fish to the environment. Although 

the cholesterol level gradually decreases in the copper 

+ zeolite treatment with copper, the copper treatment 

is higher than the copper + zeolite treatment when the 

cholesterol level is examined regardless of the periods 

during the trial. From this situation, it can be 

concluded that zeolite facilitates the adaptation 
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process of fish. The increase in the triglyceride level 

during the experiment in copper treatment may mean 

that the triglyceride, which is the main energy source 

of metabolism, cannot be used in the required 

amount, or it can be explained as the copper in the 

environment binds to the structure of some proteins 

and causes them to fail their functions. The decrease 

of triglyceride during the trial in the zeolite treatment 

may mean that the energy requirement in the presence 

of the zeolite is provided from the triglyceride, while 

the triglyceride level first increases and then 

decreases in the copper + zeolite treatment can be 

explained by the presence of adaptation to ambient 

conditions. Although the LDH level increased in all 

treatments throughout the trial, the control group 

increased the least, with the highest increase in the 

copper group. However, the fact that copper + zeolite 

treatment is lower than the groups exposed to copper 

and zeolite may be related to the adaptation process 

of the fish to the environment containing copper. The 

higher LDH in the zeolite and copper exposed groups 

over the other two treatments during the trial may 

indicate the presence of stress in both treatments. 

Because in addition to natural factors such as water 

quality, nutritional status and reproduction, it is 

reported that factors such as capture stress, anesthesia 

method, blood collection method can change the 

blood parameters of cold blooded animals. It is also 

known that the blood glucose level may vary between 

species (Aydın et al., 2000). 

When the results of the research are evaluated, it 

can be said that the zeolite added to the water does not have 

an adverse effect on the development of tilapian fish 

exposed to copper in a non-lethal concentration. On the 

other hand, it can be said that in aquatic environments with 

copper pollution, zeolite can be used to support the removal 

of the pollution from the environment and also that 

aquaculture can be done in these environments without 

harming the health of the fish. 
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