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Abstract 

Background and objective: Oreochromis niloticus is a fish species locally known as Bulti, and greatly demanded in local 

markets. The present study was to assess the levels of heavy metals and their effects on enzyme activities in type of fish species. 

Materials and Methods: Ethanol extract was taken for the determination of cholesterol, total lipid contents in fish muscles. 

While saline extract was used for the estimation of glucose, total protein, albumin, globulin and enzyme like GOT, GPT, LDH, 

CPK and amylase. The concentrations of heavy metals were carried out by the flame atomic absorption spectrophotometer 

(UNICAM 929).  

Results: There were no significant differences between enzyme activities in both liver and muscle extracts except for ALP found 

to be lower in tested samples comparing to the control. The cadmium (Cd) level in the liver was found to be higher than that in 

the muscle, whereas the zinc (Zn) level in the muscle was found to be higher than that in the liver.  

Conclusions: the higher levels of heavy metals found in the contaminated fish samples compared to control could poses risks 

to human health during time. 
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Introduction 

There are important precedents on the serious consequences 

of heavy metals contaminated fish consumption has on 

human health, being worth mentioning: Minamata, Japan 

tragedy, where over 900 people lost their lives and two 

million suffered health problems as a consequence of having 

eaten Hg contaminated fish, Minamata disease (McCurry, 

2006) [15] and the event at Jinzu River basin, at Toyama 

prefecture, where one of the most serious Cd prolonged 

intake intoxication cases takes place following the mining 

extractions that contaminated those waters (Inaba et al. 2005) 
[11]. However, fish are exposed to heavy metals in polluted 

waters. Heavy metals come into the water from the 

anthropogenic activities, and sources that continually 

released into the aquatic environment create serious health 

risks due to their toxicity, long persistence, bioaccumulation 

and bio-magnifications in the food chain (Bat et al., 2013) [4]. 

It is vital to determine heavy metal levels in seafood, because 

heavy metal ions can accumulate more easily in fish as 

compared with other foodstuffs (Bat et al., 2014) [3]. Aquatic 

systems especially lakes are more sensitive to heavy metal 

pollutants and are contaminated by chemical substances, 

industrial, domestic and agriculture wastes in the form of 

particles, metal ions, organic and inorganic compounds 

(Tarra-Wahlberg et al., 2001) [28]. River Nile and its main 

tributaries White Nile and Blue Nile Rivers are the most 

important rivers as a source of water supply and catfish area 

that supplies most of Khartoum City residents. The aquatic 

life of the White Nile River is very rich in fish species 

diversity. The area under the study is located south of 

Khartoum City nearby Jabal Awlia Dam. This area was 

selected for the study purpose because the river over there 

receives sewage effluent from Soba Treatment Plant and 

from the Military Factory. A recent study conducted by 

Nogod et al. (2020, 2021a, 2021b) [16, 17, 18] reported that the 

Suba Treatment Plant is negatively impacts the water quality 

of the White Nile River and poses hazard to the aquatic life 

and the public health at the surrounding environment. 

Therefore, the study aimed to evaluate the effect of the 

accumulation of heavy metals on the biological activity of 

Oreochromis niloticus fish species.  

 
Materials and methods 
Collection of fish samples 
A total of 120 Oreochromis niloticus fish species, that 
commonly known as Bulti, (Figure 1) were collected, of 
which, a 60 tested fish were collected from the targeted 
polluted area; the first 30 fish of them were collected from 
the discharge zone of the White Nile River site (1), whereas 
the second 30 fish were collected from the main ponds of 
sewage site (2).  
 

 
 

Fig 1: Oreochromis niloticus fish species, popular known as Bulti. 
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Fig 2: Fish sampling points, Jebel Awlia Fesheries Sites 3 (control) and Site 1 at White Nile River (test sample). Modified from 

www.Googleearth.com, (2016). 

 

The rest (120 fish) were collected from the upstream non-

polluted area of Jebel Awlia Dam (site 3), as control (Figure 

2). The collected Oreochromis niloticus fish species were 

well washed with clean water and kept in polyethylene 

packages containing ice, then transported to the Central 

Veterinary Research Laboratory of the Omdurman 

University bending identification and analysis 

 

Processing of liver and muscle tissues  

Liver and muscle were cut with razor, washed with distilled 

water and blotted with blotting paper. A weighted portion 

(about 3 grams) of both liver and muscle was homogenized 

in 3 ml ice-cold saline (0.89% NaCl) solution for saline 

extract and 3ml ethanol for ethanol extract in a motor driven 

Teflon glass homogenizer. The homogenate centrifuged rpm 

at 4000 rpm (3.500×g) for 45 minutes at 5°C in a refrigerated 

centrifuge to get a clear saline supernatant and for 15 minutes 

at 5°C at the same speed for ethanol supernatant. Digestion 

methods described by Van Loon (1980) and Du Preez and 

Steyn (1992) were used for the estimation of heavy metals, 

e.g., Cr³+, Cu²+, Zn²+, Cd²+, Fe and Pb²+ (Ali, 2004).  

 

Biochemical analysis of fish liver and muscle 
Saline and ethanol extracts were analyzed for the following 

biochemical parameters, including some enzymes to evaluate 

the possible effect of water pollution on them. Ethanol extract 

was taken for the determination of cholesterol, total lipid 

contents in fish muscles. While saline extract was used for 

the estimation of glucose, total protein, albumin, globulin and 

enzyme like GOT, GPT, LDH, CPK and amylase. Detailed 

procedures for estimation of all above parameters were the 

same as given under the biochemical analysis of liver and 

blood (Ali, 2004). 

 

Determination of heavy metals in fish tissues  

Frozen tissue samples of liver and muscle were thawed, 

rinsed in distilled water and blotted in blotting paper. A 

known weight of liver and muscle of the fish was shifted to 

250 ml volumetric flasks for digestion. Samples digestion 

done according to methods described by Van Loon (1980) 

and Du Preez and Steryn (1992). By this method digestion 

was completed in about 20 minutes instead of 3 to 4 hours as 

stated by Van Loon (1980). Sample after digestion were 

cooled and diluted to 10 ml with distilled water by proper 

rinsing of digestion flasks. Atomic absorption 

spectrophotometer was used to determine the concentration 

of Cr³+,Cu²+, Zn²+, Cd²+, Fe²+ and Pb²+ in the tissues sample 

of the fish. A range of analytical standards for each metal was 

prepared from Merck Stock solution (Van Loon, 1980 and Du 

Preez and Steyn, 1992).  

 

Statistical analysis  

Student t-test analysis of variance, mean differences, 

correlation and chart were done by using SPSS (Statistical 

Package for Social Sciences) program version. 

 

Result and discussion 

Biochemical evaluation of liver and muscle of 

Oreochromis niloticus fish species with respect to GOT, 

GPT, LDH, ALP, CPK and amylase 

With regard to liver extract, table 1 showed that the level of 

GOT in the sample caught from contaminated river water site 

1 (84.5) was higher but not significantly different comparing 

to that caught from the control site 3 (81.9). No significant 

difference was observed regarding GPT and LDH levels in 

both of the samples under the study. Whereas ALP level in 

site 1 (93.7) was found to be lower and significantly different 

comparing to the control (96.3). Amylase in site 1 sample 

(63.6) was found to be higher but not significantly different 

comparing to the control (62.4). For muscle extract, table 1 

showed that all of the parameters of GOT, GPT, LDH and 

CPK of the tested liver extract were found to be not 

significantly different comparing to the control. However, 

GOT level was found to be lower in the control (71.8) 

comparing to contaminated site 1 which was both found to be 

(73.9). As well, GPT level in control (23.7) was lower than 

that of contaminated site 1 which was both found to be (26.4). 

CPK level was found to be higher in the control (36.4) 

comparing to contaminated site 1 which was found to be 

(34.1). Generally, GOT, GPT and LDH levels were found to 

be in the liver extract higher than that of the muscle extract.  

The hematology and biochemical reference values for 

aquaculture fish are varied according to a specific situation 

(i.e., malnutrition, stress, infection/diseases) and for a 
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specific species (Kerr, 2008) [12]. As previously stated, the 

activity of serum enzyme in this study found to be varied 

according to the organ from which the sample was extracted. 

This observation confirmed the result that was observed by a 

previous study conducted by Krajnovic-Ozretic and Ozretic 

(1987) [13] which stated that the LDH activity was found to be 

varied and it was primarily related to the organ from which 

the blood sampled. As well, similar result was observed by 

an earlier study conducted by Panteghini et al. (1984) [20] 

which reported that the determination of the basic enzymes 

provides the opportunity to identify their origin and also 

permits estimation of the severity of injury at the 

tissue/cellular level. The findings of this study were in 

accordance with the results obtained by the study conducted 

by Dorcas and Solomon (2014) [7], which reported both 

significant and insignificant differences between the levels of 

ALT, ALP and AST of fishes that studied and the levels of 

the standards. Ali (2004) reported that the concentration 

levels of blood serum enzyme of GOT, GPT and CPK was 

found to be much higher in blood tissues of Tur-putitora fish 

species from polluted waters River Kabul, Pakistan, when 

compared with that in control dams waters. Sagar et al. 

(2015) [26] reported that in liver cell injury, a considerable 

increase in the serum level of both GOT and GPT enzymes 

was observed, whereas serum CPK activity is raised in all 

varieties of muscular dystrophy. While raised LDH values are 

found in renal disease, liver disease, disseminated 

malignancy and certain hematological disorders. The 

increased serum levels of ALP are found in both skeletal and 

hepatic disorders, and amylase enzyme raised in acute 

abdominal conditions, e.g. perforated peptic ulcer, 

cholecystitis, common bile duct and intestinal obstruction, 

but the higher levels are found in acute pancreatitis. 

Moreover, Sagar et al. (2015) [26] stated reference range 

values of 5 - 50 U/L for both GOT and GPT, and for LDH to 

be 230-400U/L, ALP to be 70-230U/L, CPK to be 24-105 

U/L, and for amylase is to be 60-160U/L. Previous studies 

conducted by Lemarie et al. (1991) [14]; De La Torre et al. 

(2000) [6]; Panigrahi et al., 2010 [19] and Tahmasebi-Kohyani 

et al. (2012) [27] stated that the alterations of blood enzymes' 

activities were associated with liver damage, induced by 

pathological or stress situations or with feeding nutrients with 

hepatic protective effects. Perez-Jimenez et al. (2013) and 

Harikrishnan et al. (2011) [10] reported that the increase of 

serum LHD activity may indicate hypoxia conditions, 

limiting water temperature or toxins, whereas the increase of 

serum CPK activity which is particularly active in heart and 

skeletal muscle, may indicate damage to these tissues. As 

well, Almeida et al. (2002) [1] and Rehulka and Minarı´k, 

(2007) [4] declared that pollutants and stress conditions were 

reported to increase CPK activity, probably due to muscle 

injury.  

 

Biochemical evaluation of liver and muscle of 

Oreochromis niloticus fish species with respect to total 

protein, albumin, globulin, glucose, cholesterol and total 

lipids 

Table 2 revealed that all of the parameters of total protein, 

globulin and total lipids in the tested liver samples were 

found to be not significantly different comparing to the 

control. While albumin, glucose and cholesterol levels in 

tested samples were found to be significantly different 

comparing to the control. In muscle extracts, the total 

cholesterol level in contaminated site 1 (52.4) was found to 

be higher and significantly different comparing to the control 

(47.1). For the rest parameters in muscle extract, no 

significant differences were found to be between the tested 

samples and the control. However, albumin and cholesterol 

levels in the liver were found to be higher than that in 

muscles. Globulin level in liver was found to be much lower 

than that in muscles. Sandnes and Waagb (1988) considered 

the range for total protein of normal healthy fish was to be 

41.6–56.6 gl−1, for albumin: 18.3–24.3 gl−1, for cholesterol: 

9.3 - 12.8 μmol, for triglycerides: 2.53–4.98 μmol, and for 

creatinine: 26–46 μmol. It was reported that plasma protein 

levels are often associated with fish nutritional and 

physiological status (Rehulka et al. 2005; Maita 2007). Basal 

plasma protein values averaged was stated by Polakof et al. 

(2012) to be 4.9 g dl-1. Whereas basal blood glucose levels 

are known to differ considerably among fish species. Basal 

plasma cholesterol levels reported by this study are lower 

comparing to the previously reported values by Peres et al. 

(2014). It also confirmed by Peres et al, 2014 that, in seabass, 

liver has a pivotal role in the maintenance of glucose 

homeostasis.  

 

Biochemical evaluation of liver and muscle of 

Oreochromis niloticus fish species with respect to Cd, Pb, 

Cu, Cr, Fe and Zn 

Table 3 summarizes that the heavy metals levels of Cd, Pb, 

Cu, Cr and Zn of the tested liver extracts for treatment site 1 

sample were found to be not significantly different 

comparing to the control sample, while Fe level in tested 

sample was found to be the only metal that significantly 

different comparing to the control.  

In muscle extract, Cd, Fe and Zn levels exhibited no 

significant differences between contaminated sample site 1 

and the control. Whereas the levels of Pb, Cu and Cr in 

contaminated site 1 were found to be significantly different 

comparing to the control. The level of Fe in the liver was 

found to be higher than that found in the muscle. Whereas the 

level of Zn in the tested site 1 sample in both liver and muscle 

were found to be higher than that found in the control. 

However, no remarkable increase of heavy metals in the liver 

has been observed comparing to their levels in the muscle. It 

was stated that the liver is the most organs accumulates 

pollutants of various kinds, as reported earlier by Galindo et 

al. (1986) and recently by Bat et al. (2015) [2]. On contrast, 

the Cu level in the muscle was found to be higher in control 

site 3 than that in the liver, this result disagree with that 

reported by Dugo et al. (2006). Pb levels in the liver were 

found to be much higher than that found for other metals. 

However, other studies stated that gills uptake certain metals 

such as Pb (Coban et al., 2009). The accumulation of metals 

in the liver found to be followed the order: Fe, Pb, Cu, Cd, Cr 

and Zn, while in the muscle followed the order of Fe, Cu, Cd, 

Pb, Cr and Zn. Topçuoğlu et al. (2002) found that the 

accumulation of metals in muscle in wild Seabass taken from 

Perşembe, eastern Black sea showed the order of: Cd, Cr, Cu, 

Fe, Pb, Zn. Catsiki et al. (1999). Various studies suggest that 

metal uptake by fish performed via food that constitutes the 

major pathway for accumulation in liver and then muscle. 

However, when contamination occurs, concentration of 

metals in certain tissues increases in proportion with that of 

seawater (Coban et al., 2009). The results of this study 

showed that the Fe concentrations were the highest in both 

liver and muscle and Zn concentrations were found to be the 

lowest. This result may be comparable to that reported by Bat 
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et al. (2015) [2]. However, it was stated that fish contents of 

heavy metals varies depending on the zone, environmental 

conditions, the contamination level of the fishing site, and the 

characteristics of the fish (Roderiguez et al., 2015). The 

maximum Cd concentrations (0.071) that detected in the liver 

tissues were remarkably higher than the maximum level (0.05 

mg/g wet weights) set by the Commission Regulation (2006) 

whereas the Cd concentrations in the muscle tissues (0.0572) 

were slightly above that recommended maximum level. 

Similarly, the maximum Pb concentrations (0.439) found in 

the liver tissues were slightly higher than the maximum level 

(0.30 mg/ g wet weights) set by the Commission Regulation. 

This findings in accordance of that reported by Bat et al. 

(2015) [2]. Zuluaga et al. (2015) [31] reported that Cd and Pb 

pose the highest risks for human health due to causing 

toxicity and possible carcinogenic effect. 
 

Table 1: Biochemical parameters of blood serum of Oreochromis niloticus fish species (commonly known as Bulti) caught from Jebel Awlia 

Dam site3 (control) and White Nile River site1 (contaminated). 
 

Locations of 

sample 

Parameters 

SGOT 
IU/L 

SGPT 

IU/L 

CPK 

IU/L 

ALP 

IU/L 

Total prot-

ein (g/dl) 

Albu-min 

(g/dl) 

Globu-lin 

(g/dl) 
glucos-e 

mg/dl 

Choles-terol 

mg/dl 

Chlori-de 

mg/dl 

Na 

mg/l 

K 

mg/l 

Ca 

mg/l 

Fe 

mg/l 

Site3 67.7 32.5 30.5 92.3 7.0 3.3 3.7 72.8 50.4 44.2 133.8 4.3 8.2 62.0 

Site1 82.0 33.5 35.7 90.5 6.8 3.4 3.4 68.5 58.8 41.9 137.0 4.7 8.4 61.2 

d.f-(N-2) 28 28 28 28 28 28 28 28 28 28 28 28 28 28 

S.E± 3.77 1.94 2.31 1.42 0.08 0.08 0.13 1.66 2.26 1.04 1.91 0.07 0.12 0.12 

P-value 0.001 0.598 0.033 0.223 0.016 0.097 0.015 0.001 0.032 0.001 0.000 0.125 0.480 0.028 

Sig-level ** Ns * Ns * Ns * ** * Ns ** Ns Ns * 

Ns = No significant difference, * = Significant difference at 5%, ** = Significant difference at 1%. GOT = glutamate oxaloacetate transaminase, 

GPT = glutamate pyruvate transaminase, CPK = creatin phosphor kinase, ALP = alkaline phosphatase, Na = sodium, K = potassium, Ca = 

calcium, Fe = iron. 

 

Table 2: Biochemical parameters of blood serum of Oreochromis niloticus fish species (commonly known as Bulti) caught 

from Jebel Awlia Dam site3 (control) and White Nile River site 1 and treatment pond site 2 (contaminated). 
 

Locations of sample 

Parameters 

SGOT 

IU/L 

SGPT 

IU/L 

CPK 

IU/L 

ALP 

IU/L 

Total prot-

ein (g/dl) 

Albu-min 

(g/dl) 

Globu-lin 

(g/dl) 
glucos-e 

mg/dl 

Choles-terol 

mg/dl 

Chlori-de 

mg/dl 

Na 

mg/l 

K 

mg/l 

Ca 

mg/l 

Fe 

mg/l 

Site3 67.7 ͨ 23.0  ͨ 32.2  ͣ87.4 ᵇ 6.6 ᵇ 3.14 ᵇ 3.18 ͣb  53.2  ͨ 43.8 ᵇ 42.8  ͣ 131.2 ᵇ 3.98 ᵇ 7.4  ͨ 55.6  ͣ

Site2 87.8  ͣ 35.6  ͣ 35.1  ͣ92.3  ͣ 6.8  ͣ 3.41  ͣ 3.31 ͣ 69.3  ͣ 60.3  ͣ 42.4  ͣ 137.0  ͣ 4.36  ͣ 8.3  ͣ 60.3  ͣ

Site1 79.4 ᵇ 30.6 ᵇ 33.1  ͣ88.6 ᵇ 6.5 ᵇ 3.23 ͣb  3.07 ᵇ 58.0 ᵇ 45.1 ᵇ 41.9  ͣ 129.3 ᵇ 4.20 ͣb  8.0 ᵇ 59.6  ͣ

P-value 0.000 0.000 0.185 0.001 0.000 0.000 0.008 0.000 0.000 0.520 0.000 0.001 0.000 0.539 

Sig-level ** ** Ns ** ** ** ** ** ** Ns ** ** ** Ns 

S.E± 4.19 2.16 2.29 1.77 0.15 0.16 0.14 2.39 2.75 1.04 1.87 0.12 0.13 4.48 

Ns = No significant difference, * = Significant difference at 5%, ** = Significant difference at 1%. GOT = glutamate oxaloacetate transaminase, 

GPT = glutamate pyruvate transaminase, CPK = creatin phosphor kinase, ALP = alkaline phosphatase, Na = sodium, K = potassium, Ca = 

calcium, Fe = iron. 
 

Table 3: Biochemical parameters of blood serum of Oreochromis niloticus fish species (commonly known as Bulti) caught from Jebel Awlia 

Dam site3 (control) and White Nile River site 1 and treatment pond site 2 (contaminated). 
 

Locations of 

sample 

Parameters 

SGOT 

IU/L 
SGPT 

IU/L 
CPK 

IU/L 

ALP 

IU/L 

Total prot-

ein (g/dl) 

Albu-min 

(g/dl) 

Globu-lin 

(g/dl) 
glucos-e 

mg/dl 

Choles-terol 

mg/dl 

Chlori-de 

mg/dl 

Na 

mg/l 

K 

mg/l 

Ca 

mg/l 

Fe 

mg/l 

Site3 77.2 27.6 28.3 89.4 6.2 3.02 3.22 56.6 41.2 39.5 130.5 4.18 8.14 59.0 

Site1 71.4 27.6 32.5 88.4 6.3 3.12 3.17 55.9 47.6 41.2 127.3 4.27 8.21 56.2 

P-value 0.048 0.992 0.0055 0.233 0.494 0.167 0.652 0.758 0.050 0.51 0.074 0.335 0.386 0.052 

Sig-level * Ns ** Ns Ns Ns Ns Ns ** Ns Ns Ns Ns Ns 

S.E± 2.83 1.90 1.35 0.88 0.10 0.07 0.10 2.32 1.60 0.82 9.78 0.10 0.08 1.40 

Ns = No significant difference, * = Significant difference at 5%, ** = Significant difference at 1%. GOT = glutamate oxaloacetate transaminase, 

GPT = glutamate pyruvate transaminase, CPK = creatin phosphor kinase, ALP = alkaline phosphatase, Na = sodium, K = potassium, Ca = 

calcium, Fe = iron. 
 

Table 4: Biochemical parameters of blood serum of Oreochromis niloticus fish species (commonly known as Bulti) caught from Jebel Awlia 

Dam site3 (control) and White Nile River site 1 and treatment pond site 2 (contaminated). 
 

Locations of 

sample 

Parameters 

SGOT 

IU/L 

SGPT 

IU/L 

CPK 

IU/L 

ALP 

IU/L 

Total prot-

ein (g/dl) 

Albu-min 

(g/dl) 

Globu-lin 

(g/dl) 
glucos-e 

mg/dl 

Choles-terol 

mg/dl 

Chlori-de 

mg/dl 

Na 

mg/l 

K 

mg/l 

Ca 

mg/l 

Fe 

mg/l 

Site3 70.9 16.6 27.4 87.9 6.7 3.22 3.44 51.2 48.4 39.2 130.2 4.10 8.08 62.4 

Site1 76.9 30.2 30.2 85.8 6.4 3.19 3.19 57.6 54.4 40.3 131.6 4.26 8.25 57.5 

P-value 0.004 0.000 0.065 0.042 0.029 0.741 0.110 0.003 0.006 0.370 0.815 0.100 0.177 0.187 

Sig-level ** ** Ns * * Ns Ns ** ** Ns Ns Ns Ns Ns 

S.E± 1.87 2.80 1.48 1.00 0.12 0.09 0.15 1.93 2.03 1.21 6.10 0.09 0.12 5.47 

Ns = No significant difference, * = Significant difference at 5%, ** = Significant difference at 1%. GOT = glutamate oxaloacetate transaminase, 

GPT = glutamate pyruvate transaminase, CPK = creatin phosphor kinase, ALP = alkaline phosphatase, Na = sodium, K = potassium, Ca = 

calcium, Fe = iron. 
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Conclusion 

In conclusion, the higher levels of Fe metal found in the 

contaminated samples compared to control accumulate them 

in the liver more than in muscles of the tested fish species, 

and have greatly affected enzymes' activities. Among these 

enzymes, GOT, GPT, LDH and CPK of the tested liver 

extract were found to be higher comparing to that level in the 

muscles. Albumin and cholesterol levels in the liver were 

found to be higher than that in muscles. The concentration 

levels of Fe were found to be the highest in both liver and 

muscle, and Zn concentration levels were found to be the 

lowest. 

 

Acknowledgement 

The authors would like to thank everyone who contributed to 

complete this work. 

 

References 

1. Almeida JA, Diniz YS, Marques SFG, Faine LA, Ribas 

BO, Burneiko RC et al. The use of the oxidative stress 

responses as biomarkers in Nile tilapia (Oreochromis 

niloticus) exposed to in vivo cadmium contamination. 

Environ Int,2002:27:673-679. 

2. Bat L, Aric E, Sezgin M, Sahin F. Heavy metal levels in 

the liver and muscle tissues of the four commercial fishes 

from Lake Balik, Kızılırmak Delta (Samsun, Turkey), 

Journal of Coastal Life Medicine,2015:3(12):950-955 

doi: 10.12980/jclm.3.2015j5-224 

3. Bat L, Kaya Y, Öztekin HC. Heavy metal levels in the 

Black Sea anchovy (Engraulis encrasicolus) as 

biomonitor and potential risk of human health. Turk J 

Fish Aquat Sci,2014:14:845-51. 

4. Bat L, Sezgin M, Baki OG, Üstün F, Şahin F. 

Determination of heavy metals in some commercial fish 

from the Black Sea coast of Turkey. Walailak J Sci 

Tech,2013:10(6):581-9. 

5. Coban B, Balkis N, Akus A, Giiray D, Tekinay A. Heavy 

metals in livers, gills and muscle of Dicentrarchus 

labrax (Linnaeus, 1758) fish species grown in the 

Dardanelles, J. Black Sea/Mediterranean 

Environment,2009:15:61-67. 

6. De La Torre FR, Salibia´n A, Ferrari L. Biomarkers 

assessment in juvenile Cyprinus carpio exposed to 

waterborne cadmium. Environ Pollut,2000:109:277-282 

7. Dorcas IK, Solomon RJ. Calculation Of Liver Function 

Test In Clarias Gariepinus Collected From Three 

Commercial Fish Ponds. Department Of Biological 

Sciences, Faculty of Science, University Of Abuja, 

Nigeria. Nature and Science,2014:12(10):107-

123].(ISSN: 1545-0740). http:// www. sciencepub. 

net/nature.  

8. Dugo G, Pera LL, Bruzesse A, Pellicano TM, Turco VL. 

Concentration of Cd (II), Cu (II), Pb(II), Se(IV), and 

Zn(II) in cultured Seabass (D. labrax) tissues from 

Tyrrhenian sea and Sicilian sea by derivative stripping 

potentiometry. Food Control,2006:17:146-152. 

9. Galindo L, Hardisson A, Montelongo FG. Correlation 

between lead, cadmium, copper, zinc and iron 

concentrations in tuna fish. Bull. Environ. Contam. 

Toxicol,1986:36:595-9. 

10. Harikrishnan R, Kim MC, Kim JS, Balasundaram C, Heo 

MS. Probiotics and herbal mixtures enhance the growth, 

blood constituents, and nonspecific immune response in 

Paralichthys olivaceus against Streptococcus parauberis. 

Fish Shellfish Immunol,2011:31:310-317. 

11. Inaba T, Kobayashi E, Suwazono Y, Uetani M, Oishi M, 

Nakagawa H et al. Estimation of cumulative cadmium 

intake causing Itai–itai disease. Toxicol 

Lett,2005:159(2):192-201. 

12. Kerr MG. Veterinary laboratory medicine: Clinical 

biochemistry and hematology. 2nd Edition. Blackwell 

Science Ltd, London, 2008. 

13. Krajnovic-Ozretic M, Ozretic B. Estimation of the 

enzymes LDH, GOT and GPT in plasma of grey mullet 

Mugil auratus and their significance in liver intoxication, 

Estimation of the enzymes LDH, GOT and GPT in 

plasma of grey mullet Mugil auratus and their 

significance in liver intoxication,1987:3:187-193. 

14. Lemarie P, Drai P, Mathieu A, Lemaire S, Carrie`re S, 

Giudicelli S et al. Changes with different diets in plasma 

enzymes (GOT, GPT, LDH, ALP) and plasma lipids 

(cholesterol, triglycerides) of sea-bass (Dicentrarchus 

labrax). Aquaculture,1991:93:63-75. 

15. McCurry J. Japan remembers Minamata. Lancet. 

England, 2006, 99-100. 

16. Nogod GN, Adam FA, Hagir M, Omer HM, Abdellah 

AM, Saeed HSA et al. The effect of industrial and 

sewage effluent on water quality of the White Nile River 

at south of Khartoum City, Sudan, IOSR Journal of 

Applied Chemistry (IOSR-JAC),2020:13(12):36-42. 

17. Nogod GN, Adam FA, Hagir M, Omer HM, Abdellah 

AM, Saeed HAS et al. Biochemical analysis of liver and 

muscles of Clarias lazera fish species as an indicator of 

sewage-pollution of the white nile river at south of 

Khartoum city, Sudan. International Journal of 

Multidisciplinary Research and 

Development,2021a:8(7):78-83. 

18. Nogod GN, Adam FA, Hagir M, Omer HM, Abdellah 

AM, Saeed HAS et al. Biochemical analysis of liver and 

muscles of Synodontis schall fish species as a tool for 

pollution assessment on the White Nile River at south of 

Khartoum City, Sudan, IJRDO - Journal of Applied 

Science,2021b:7(2):12-18 

19. Panigrahi A, Kiron V, Satoh S, Watanabe T. Probiotic 

bacteria Lactobacillus rhamnosus influences the blood 

profile in rainbow trout Oncorhynchus mykiss 

(Walbaum). Fish Physiol Biochem,2010:36:969-977. 

20. Panteghini M, Malchiodi A, Calarco M, Bonora R. 

Clinical and diagnostic significance of aspartate 

aminotransferase isoenzymes In sera of patients with 

hver diseases. J. clin. Chem. clin. Biochem,1984:22:153-

158. 

21. Peres H, Santos S, Oliva-Teles A. Selected plasma 

biochemistry parameters in gilthead seabream (Sparus 

aurata) juveniles. J Appl Ichthyol,2013:29:630-636.  

22. R ˇ ehulka J, Minarik B, Adamec V, Rehulkova E. 

Investigations of physiological and pathological levels of 

total plasma protein in rainbow trout, Oncorhynchus 

mykiss (Walbaum). Aquac Res,2005:36:22-32. 

23. Peres H, Santos S, Oliva-Teles A. Blood chemistry 

profile as indicator of nutritional status in European 

seabass (Dicentrarchus labrax), Fish Physiol Biochem, 

DOI: 10.1007/s10695-014-9928-5 · Source: PubMed, 

2014. 

24. Rehulka J, Minarˇı´k B. Blood parameters in brook trout 

Salvelinus fontinalis (Mitchill, 1815), affected by 

columnaris disease. Aquac Res,2007:38:1182-1197. 

25. Zuluaga J, Rios SEG, Botero CMR. Content of Hg, Cd, 

http://www.fishjournals.com/


International Journal of Fisheries and Aquatic Research  www.fishjournals.com 
 

65 

Pb and As fish species: A Review, Universidad de 

Antioquia, Medellín, Colombia. págs. 2015, 148-159. 

DOI: http://dx.doi.org/10.17533/udea.vitae.v22n2a09 

26. Sagar l, Berry V, Chaudhary RJ. Diagnostic value of 

serum enzymes- A review on laboratory investigations. 

International journal of life science & pharma 

Research,2015:5(4):8-12. 

27. Tahmasebi-Kohyani A, Keyvanshokooh S, Nematollahi 

A, Mahmoudi N, Pasha-Zanoosi H. Effects of dietary 

nucleotides supplementation on rainbow trout 

(Oncorhynchus mykiss) performance and acute stress 

response. Fish Physiol Biochem,2012:38:431-440. 

28. Tarra-Wahlberg NH, Flachier A, Lane SN, Sangfors O. 

Environmental impacts and metal exposure of aquatic 

ecosystems in rivers contaminated by small scale gold 

mining: the Puyango River Basin, Sourthen Ecuador. Sci 

Total Environ,2001:278(1-3):239-61. 

29. The Commission of the European Communities. 

Commission Regulation (EC) No 1881/2006 of 19 

December 2006 setting maximum levels for certain 

contaminants in foodstuffs (Text with EEA relevance). 

[Online] Available from: http://eur-lex.europa.eu/legal-

content/GA/TXT/?uri=celex:32006R1881 [Accessed on 

10th December, 2015] 

30. Topçuoğlu S, Kırbaşoğlu Ç, Güngör N. Heavy metals in 

organisms and sediments from Turkish coast of the 

Black Sea, 1997-1998. Environ. Int,2002:27:521-6. 

31. Zuluaga J, Rios SEG, Botero CMR. Content of Hg, Cd, 

Pb and As fish species: A Review, Universidad de 

Antioquia, Medellín, Colombia. págs. 2015, 148-159. 

DOI: http://dx.doi.org/10.17533/udea.vitae.v22n2a09 

http://www.fishjournals.com/

