
 

INVESTIGATION ON ACCUMULATION OF TOXICANTS AND HEALTH STATUS OF 

FRESHWATER FISH CHANNA PUNCTATUS, EXPOSED TO SUGAR MILL EFFLUENT 

JAVED M & USMANI N 

Section of Fisheries and Ichthyology, Department of Zoology, Aligarh Muslim University, Aligarh, Uttar Pradesh, India  

 

ABSTRACT 

Investigations were made on the health status of sugar mill effluent dominated water body and prevalent fish 

Channa punctatus. The sugar mill effluent is tested for the presence of heavy metals namely Cu, Ni, Co and Cr. The order 

in which they are present in water was Ni>Cr>Cu>Co. It has been observed that Cu is within the limits whereas Ni and Cr 

are out of the recommended limits of UNEPGEMS.  

In fish tissues such as gills, muscle and integument only Cu and Cr were accumulated while Ni and Co were 

untraceable. Gills accumulated the highest concentration of Cu and Cr and integument least. In edible part Cr exceeds the 

recommended limits of USEPA and the fish is under stress and not safe to consume. 
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INTRODUCTION 

In the past century, increased pace of the industrialization, use of advance technologies and modern life style 

products led to the problem of environmental pollution. All these practices cause damage to the freshwater ecosystems in 

one or other ways. Generally the industries or factories are constructed near the water bodies so that emerging waste from 

these sources will release in the aquatic environment. Aquatic environment serve as a sink of all types of waste. This waste 

after entering to the water bodies deteriorates not only the quality of water but harm the aquatic animals.  

Among all the aquatic biota fishes in particular are of paramount importance because they contribute the cheap 

and best source of protein in human diet. The American Heart Association suggests eating fish at least two times per week 

in order to reach the daily intake of omega-3 fatty acids recommended for healthy adults with no history of heart disease 

(Kris- Etherton et al. 2002).  

How one can follow this suggestion when we found every water body polluted by industrial effluents and the 

fishes are loaded by heavy weight of pollutants particularly heavy metals. Therefore this study is projected in order to 

determine the health of fishes to maintain the health of fish consumers and to improve nature management. 

 The study area is a small river which passed from the village Satha (28.02905N, 78.16924 E), district Aligarh in 

which the effluents of Sugar mill are being released. The predominant fish found in this effluent dominated river are 

mainly the snake heads, Channa punctatus.  

 It is one of the air breathing fish and is capable of adapting variety of habitats. This river is surrounded by dense 

wild vegetation and also serves as an important source of fish protein for the locals residing the study area. The aim of this 

study is to confirm the presence of heavy metals in the sugar mill effluent and their effect on the health of fish Channa 

punctatus. For this purpose the accumulation of heavy metals in gills, muscle and integument was analysed. 
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Figure 1: Shows the Part of a Small River near the Sugar Factory at Village Satha, Aligarh 

MATERIALS AND METHODS 

Water was collected in a pre-cleaned and acidified glass bottles and preserved by acidifying with 6 N HNO3 so 

that the pH is maintained to about 2.0. On spot fixation of water was done in D.O bottles to measure the dissolved oxygen. 

The total solids (T.S), total dissolved solids (T.D.S) and total suspended solids (T.S.S) were determined using standard 

techniques (APHA 2005). The temperature and pH were recorded at the site using thermometer (Deluxe, 6) and pH strips 

(S.D Fine chemicals, 0-0.1). 

The 25 healthy samples of Channa punctatus were collected with the help of professional local fisherman. The 

live specimens of Channa punctatus were transferred to water buckets and brought to the laboratory for further analysis. 

Each sampled fish were immediately killed, washed and wiped dry in order to carry out morphometry (length 14.20±1.5 

cm, weight 35±0.42g). All the samples were wrapped in plastic bags and refrigerated at 0 
◦
C until further treatment. In first 

step, the fishes were dissected and the organs gills, muscle and integument were removed. All the tissues were washed with 

double distilled water, blotted dry and were subjected to oven drying at ± 60 
◦
C for 4-5 hours. All heavy metals were 

estimated with a multiple cathode lamp, Atomic Absorption Spectrophotometer (Perkin Elmer, Analyst A 800) with 

specific cathode lamps for each metal and Air-Acetylene was used as flame. The following analytical conditions of the 

instrument were used for atomic absorption of these heavy metals Table 1. 

Table1: Instrumental Analytical Conditions of Heavy Metal Analysis 

      

Heavy 

Metals 

Wave Length 

(nm) 

Slitwidth 

(nm) 

Optimm 

Working 

Range(µgml
-1

) 

Sensitivity 

(µgml
-1

) 

Lamp 

Current 

(mA) 

Cu 327.4 0.2 2.5- 10 0.050 3.0 

Ni 341.5 0.2 6-25 0.12 3.5 

Co 346.6 0.2 90-450 2.3 6.0 

Cr 425.4 0.2 7-40 0.17 6.0 

 

Nitric acid digestion method was used to process the water sample for the estimation of heavy metals (Cu, Ni, Co 

and Cr) (APHA 2005). A blank digest was carried out in the same way. Do not let sample dry during digestion. Wash 

down flask or beaker walls with metal free water and then filter if necessary. Transfer filtrate to a 50 mL volumetric flask, 

dilute to mark, and mix thoroughly. Take portions of this solution for required metal determinations. For the digestion of 

fish tissues (gills, muscle and integument) Nitric acid – Perchloric acid digestion method was used. Tissue samples (0.5 g) 

were digested in 15 ml of solution containing concentrated HNO3 and HClO4. The flasks were then cooled to room 
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temperature and if needed the residues were dissolved in 10 mL of dilute HNO3 and filtered. The filtrate was diluted to 50 

mL with double distilled water and then subjected to Atomic Absorption Spectrophotometer for heavy metal analysis. 

STATISTICAL ANALYSIS 

The values are given as Mean ± S.D. The data was subjected to ANOVA. Significant differences among the 

means were calculated using Duncan’s multiple range test (Duncan 1955) 

RESULTS AND DISCUSSION 

Table 2 describes the water quality parameters of the small river which showed the physicochemical 

characteristics and concentration of heavy metals. The heavy metal Ni was present in high concentrations and least was Co. 

The order in which they are present in water was Ni>Cr>Cu>Co. The physicochemical characteristics of river water were 

also compared to that of the ideal water quality conditions, whether they interfere with the availability of heavy metals.The 

total dissolved solids (TDS) are exceeding than the ideal limits while rest characteristics are within the limits (Table 3). 

The heavy metal concentrations in river water were also compared with the quality guidelines and standards of United 

Nations Environment Programme Global Environment Monitoring System (UNEPGEMS 2006). It has been observed that 

Cu is within the limits proposed whereas Ni and Cr are out of the recommended limits 

Table 2: Water Quality Parameters of Small River of Satha 

 

Parameters Water 

Temperature 

pH 

Dissolved oxygen (D.O) 

Total solids (TS) 

Total Dissolved solids (TDS) 

Total Suspended solids (TSS) 

Cu 

Ni 

Co 

Cr 

28.0±0.00°C 

7.0±0.00 

6.9±0.02 mgL-1 

3150±0.01 mgL
-1

 

2900±0.00 mgL
-1

 

250±0.001 mgL
-1 

0.12±0.00 mgL
-1

 

0.24±0.01 mgL
-1

 

0.08±0.01 mgL
-1 

0.21±0.07 mgL-1 

 
                                                        Values are Mean± SD, (n= 3) 

Table 3: Ideal Physicochemical Conditions of Fresh Water for the Growth of Fishes 

Parameters Ideal 

Conditions
* 

Present 

Study 

Temperature 

pH 

Dissolved oxygen (D.O) 

Total solids (TS) 

Total Dissolved solids (TDS) 

Total Suspended solids (TSS) 

 

20- 30.0°C 

6.8-8.6 

6-8 ppm 

- 

500mgL
-1

 

- 

28.0 
◦
C 

7.0 

6.9mg/L 

3150mg/L 

2900mg/L 

250mg/L 

                                                 *Vijaykumar K (1999) 

Table 4: Summary of Water Quality Guidelines and Standards by International Organization/Country 

 

Parameter↓ 
WHO 

(Guidelines) 

E U 

(Standards) 

Canada 

(Guidelines) 

Ustralia 

(Guidelines) 

N Z 

(Guidelines) 

Japan 

(Standards) 

USA 

(Standards) 

Present 

Study 

Cu 2 2 2 1 2 1 1.3 0.12 

Ni 0.02 0.02 0.02 0.02 0.02 - - 0.24 

Co - - - - - - - 0.08 

Cr 0.05 0.05 0.05 - 0.05 0.05 0.1 0.21 

   Values are in mgL
-1 

 



46                                                                                                                                                                                      Javed M & Usmani N 

 

Adapted for Water Quality for Ecosystem and Human Health, 2006 (prepared and published by the United Nations   

Environment Programme 

Global Environment Monitoring System (GEMS)/ Water Programme) 

    Blank cells indicate that no, citable information was available 

 

Table 5: Accumulation of Different Heavymetals in organs of Channa punctatus 

 

      
Heavy 

Metals↓ 
Gills Muscle Integument 

Average 

(Muscle 

+Integument) 

Permissible Limits 

(ppm) 

Cu a40.83
a
±0.82 a17.33

c
±0.32 a23.32

b
±0.47 20.32 30FAO/WHO(1989) 

Cr b12.50
a
±0.00 b5.33

b
±0.33 b6.19

b
±0.47 5.76 0.491USEPA(2000) 

              Values are Mean ± S.D, (n= 15), Values are expressed in mgkg
-1

.dry weight 

               Means with similar letters in a column are statistically similar at P > 0.01 

               Subscript indicates accumulation of heavy metals in a particular organ 

               Superscript indicates accumulation of a heavy metal in different organs   

Average concentration of muscle and integument is taken considering both as edible part to compare with the 

recommended limits. 

 

Heavy metal Cu accumulated significantly (P<0.01) in different tissues of the fish Channa punctatus whereas Cr 

accumulation was insignificant in muscle and integument. Copper is present in water in the soluble forms, which is the 

only form available to fish. This metal showed higher accumulation in gills and alimentary canal than the muscle (Nair et 

al. 1997), this is in agreement with present study accumulation of Cu. The order of accumulation in fish tissues/organs was 

gills> integument> muscle. Cu accumulation in muscle corroborates with Psettodes crumei and Arius cumatranus (Irwandi 

J and Farida O 2009), Hypophthalmicthys molitrix (Bhupander Kumar et al. 2011), Channa punctatus and Clarias 

gariepinus (Javed M and Usmani N 2011), Tilapia zilli (Nwajei et al. 2012). Accumulation in gills corroborates with 

Channa punctatus (Javed M and Usmani N 2011), Tilapia zilli (Nwajei et al. 2012) and in integument it is similar to our 

previous findings in Labeo rohita and Channa punctatus (Javed M and Usmani N 2011). 

In general it is observed that gills of fishes accumulate more Cr compared to other organs and has been reported in 

fishes such as Clarias gariepinus (Avenant-Oldewage and Marx 2000; Coetzee et al. 2002; Osman and Kloas2010; Nwajei 

et al. 2012), Wallago attu (Yousafzai et al. 2010) Chryschthys nigrodigitatus and Clarias anguillaris (Nwajei et al. 2012). 

This is in agreement with the present study (Table 4). 

The order of accumulation in fish tissues/ organs were gills> integument> muscle. Cr accumulation in gills of 

Channa punctatus corroborates with Clarias gariepinus (Osman and Kloas 2010), Cyprinus carpio (Jabeen and Chaudhary 

2010), Channa punctatus (Javed M and Usmani N 2012). Accumulation of Cr in integument shows similarity with Channa 

punctatus (Javed M and Usmani N 2011; Javed M and Usmani N 2012). It has also been observed in the present study that 

gills and integument accumulated the highest concentration of both heavy metals because they are in direct contact with the 

surrounding water and muscle do not appear to be active tissue 

In the present study both Co and Ni were not detected in gills, muscle and integument of the fish though they were 

present in water and this was not the only case here. Other workers also came across the similar situation in their studies in 

fishes such as Clarias gariepinus, Cyprinus carpio and Oreochromis mossambicus (Adeyeye et al. 1996),  Chondrostoma 

nasus, L. cephalus and A. alburnus (Uysal K et al.  2008). High concentrations of Ni may occur in ground water in areas 

with mafic or ultramafic rocks. Concentrations of Ni in water from natural occurences are only likely to be of health 

concern where pH is less than 4.5.  
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Dissolution and mobility of metals in natural waters are greatly influenced by the pH (WHO 2006). Soil and 

sediments play a great role in making the metal less available because the rich organic content of soil, the greater the soil’s 

metal- binding capacity. This portion of the metal is bound so firmly that it is effectively non-bioavailable. This may be the 

one possible reason that though Co and Ni present in water in complex form but they are not available to fishes for 

bioaccumulation 

CONCLUSIONS 

The results of this study supplied valuable information on the metal levels in small river at Satha and fish Channa 

punctatus. Cu is within the recommended limits of FAO/WHO while Cr levels especially in muscle and integument tissues 

were higher than the limits set by USEPA. Cr is also known for its carcinogenic and mutagenic properties and therefore it 

is suggested that consuming fish from this small river at Satha is not safe as far as heavy metals are concerned. This study 

also give an indication that water quality of river is not suitable for drinking and other purposes and also for fishes since 

the heavy metals Ni and Cr exceeds than the limits of UNEPGEMS and the fishes are under stress. However, it has been 

suggested that intensive study on fishes is a need to determine the bioaccumulation of heavy metals in this area. The 

present study shows that precautions need to be taken in order to prevent future metal pollution. Otherwise, these pollution 

can be dangerous for fish and human health. 
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