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Assessment of physico-chemical and heavy metals pollution was analyzed in River Kabul and their impact was studied on 
DNA damage in different tissues of selected fish species from the river. The water samples collected from low, medium 
and high polluted sites of River Kabul were analyzed for physico-chemical parameters and presence of heavy metals (Zn, 
Ni, Cl, Cr, Cu, Cd, pb, Mn, Fe and Hg), while fish samples were collected from highly polluted belt of the river Kabul, KPK, 
Pakistan at different times. The collected fishes (Shizothorax pelageostomus, Chana punctatus) were dissected and five 
different tissues like intestine, gills, skin and liver were taken out. Alkaline comet assay was performed to monitor any 
mutation in the genomic DNA. Comet tail lengths (consisting of nuclear region and tail) were scored visually into 5 Comet 
Classes. The overall order of DNA damage in different organs of fishes was in the sequence of blood, skin, gills, intestine. 
Liver was more affected in Shizothorax pelageostomus than Chana punctatus. This shows that highest level of the DNA 
damage was found in the intestine followed by the blood, skin, and liver followed by gills. Similarly the highest level of the 
DNA damage was observed in Shizothorax pelageostomus followed by Chana punctatus. At the organs level, DNA 
damage in Chana punctatus was most in intestine followed by blood, skin, liver and gills. Similarly in Shizothorax 
pelageostomus it was is most in intestine followed by skin, blood, liver and gills. This study indicated the genotoxicological 
effects of heavy metals like Zn, Ni, Cr, Cu, Cd, Pb, Fe, Mn and Hg in blood, intestine, skin, liver and gills of two selected 
fish species. 

Keywords: Physicochemical parameters, heavy metals, Commet assay, Chana punctatus, Shizothorax pelageostomus, DNA damage, 
genotoxic. 

 
INTRODUCTION 

The River Chitral starts from the mountains of the 
Hindu Kush in Pakistan. At Arandu in Chitral, it enters 
Afghanistan and is also joined by a branch of Nuristan 
which is known as the River Kunar. The River Kunar and 
River Kabul join each other near Jalalabad. The entry of 
Kabul River into Pakistan is through Khyber and 
Mohmand agencies and finally reaches the Warsak 
reservoir. Under the Dam, it is re-divided into three main 
branches Nagoman, Shah Alam and Adezai branches. 
These branches irrigate the lands of Charsadda, 
Peshawar and Nowshera areas before ending into River 
Indus (Jonathan and Maina 2009). Three irrigation canals 
have been taken out from River Kabul. These canals 
irrigate lands of Peshawar and Mohmand Agency. Dam 

has no fish ladder and thus is an obstacle (difficult) for 
upstream migration of fish. The Dam has almost the 
similar fish speciesas present in River Kabul and also 
used for commercial fishing (Yousafzai et al. 2010). 

Water is a universal solvent that is essential for the life 
on earth. The discharge of various toxic chemicals like 
heavy metals into water makes the life difficult in the water 
and on the land. Some of these heavy metals cause 
different acute and chronic diseases such as skin burns 
and rashes, bone abnormalities, lungs and digestive 
system disorders in aquatic and surrounding land fauna 
(Adeogun 2012). Pakistan is an agricultural country with a 
huge irrigation system and water reservoirs. It faces fresh 
water pollution in the rivers. According to ministry of 
environment and urban affairs in six cities of Pakistan 
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including Peshawar, a number of industries discharge 
their effluents without any treatment to the rivers. A water 
pollutant in the form of heavy metals is one of the serious 
problems in Pakistan. About 55% of the population is 
deprived of safe water. The excess amounts of heavy 
metals are the main cause of water pollution, which create 
metabolic and non-metabolic problems resulting in the 
toxicity for both humans and animals (Yousafzai et al. 
2010 ).  

Fishes are reported to be suitable organisms for eco-
toxicological and genotoxicological studies because they 
play different roles in the heterotrophic web, undergo 
bioaccumulation, respond to mutagens at low 
concentration such as environmental pollutants like heavy 
metals (Sobha et al. 2007). Fish is an excellent model for 
detection of mutagenicity or carcinogenicity since they 
metabolize, concentrate and store water borne pollutants 
like heavy metals (Baby et al. 2012).  DNA repair has 
been reported to be slower in fishes than in mammals 
(Joseph et al. 2012). It has been recommended that DNA 
strand breaks, particularly as measured by the comet 
assay, act as a biomarker of genotoxicity in fish and other 
aquatic species (Steven & Paul. 2011). Since there is a 
growing concern over the presence of genotoxins like 
heavy metals in the aquatic environment, the development 
of sensitive biomarkers for detection of genotoxic effects 
in aquatic organisms have gained importance (Serpi et al. 
2006). 

The present study aims to determine the physic-
chemical parameters, heavy metal concentrations, 

and genotoxicological effects in different tissues of 
fishes caused by water pollution. 
  
MATERIALS AND METHODS 

Sampling sites 
To assess the physico-chemical paramerters and 

heavy metal concentration in water samples of River 
Kabul, water samples were taken from three stations such 
as Akber pura (low contaminated site), Amangarh 
(medium contaminated site) and Phirsabaq (high 
contaminated site). The samples were taken from river 
about 2-3 feet away or from the middle of the river in such 
a way so that no bobbles were made inside bottles. 
Conductivity, TDS and pH for the river water were noted 
immediately and rest of the parameters was tested in the 
laboratory.  

Preservation of water samples 
Samples of polluted water collected in 1 liter plastic 

bottle for heavy metals estimations with 5ml nitric acid 
(50%). Samples for pH, TSS, TDS, EC, CL, K, Na were 
taken in another one L plastic bottle and kept at 4.0C° for 
further analysis.   

Physico-chemical parameters 
Most of the physico-chemical parameters were noted 
immediately after sampling. The pH values of all polluted 
water samples were recorded through pH meter after its 
calibration with the buffer 4 and 7. The conductivity of 
collected H2O samples was determined in microsiemenes 
per centimeter using conductivity meter. TDS of water 
samples from the three sites was calculated in mg l-1 
employing TDS meter. First of all, the filter paper to be 
used was dried at 104-105oC temperature in an oven for 
about an hour. To evaporate the moisture, filter papers 
were kept in desiccator till it gets dry. Its weight was 
recorded and added known amount of non-filtered 
contaminated water samples and filtered. The filter papers 
were oven dried at 103-105oC. The total suspended were 
determined and presented in mg L-1. 
Chlorides were determined with the help of direct 
spectrophotometer. About 10ml water sample was taken 
in 24mm clean vial and closed the lid. Keep the vial in the 
sample box of spectrophotometer and pressed Tab 
‘’Zero’’. Then T1 chloride tablet was introduced to vial 
containing water samples and crushed through the stirring 
rod until it gets dissolved. After that T2 chloride tablet was 
introduced, crushed until it dissolved. The vial was placed 
in the sample box of machine and measured chloride (mg 
L-1).  
          The content of Sodium and Potassium was 
determined using atomic absorption spectrophotometer 
(Spectra-AA-700). 

Heavy metals parameters 
 Heavy metals such as, Mn, Cr, Hg, Zn, Ni, I, Pb, 
Cu and Cd were determined in the H2O samples from 
polluted sites of Kabul River. Then 5ml HNO3 (55%) was 
added to each of these samples and evaporated on a hot 
plate. 5 ml of more HNO3 (55%) and HClO4 (70%) were 
added. The mixture was evaporated until the brown 
smoke turned into dense white smoke. Atomic Absorption 
Spectrophotometer (Spectra-AA-700) was used to detect 
the concentration of heavy metals present in tested water 
samples.  

Fish Sampling Sites 
Fish samples at different times were collected from 

highly polluted belt of the river Kabul. Two samples were 
collected from polluted sites 1 (Aman Garh industrial 
zone) and 2 (Nowshera) of River Kabul. The third fish 
sample was collected from non-polluted part of the river, 
Warsak Dam (Site 3) as a control.  

Preservation of Fish Tissues 
The collected fishes were dissected and four different 

tissues like intestine, gills, skin and liver and were washed 
with distilled water and then shifted to marked sterilized 
polythene bags. Blood samples were collected in EDTA 
tubes and immediately processed for comet assay. 
Polythene bags having fish tissues were then stored in the 
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freezer (at -20 C°) for further analysis. For genotoxicity, 1g 
of each tissue was grinded through grinder machine and 
then 200µl PBS was added to the grinded tissues and a 
cell suspension was obtained.   

Genotoxicity due to water pollution in fish tissue: 
Comet Assay / Single cell gel electrophoresis (SCGE) 
Alkaline comet assay was performed according to the 
technique developed by Singh et al. (1988) with slight 
changes. The Comet assay has proved to be highly 
suitable for aquatic genotoxicity monitoring, due to its 
simplicity and a high sensitivity (Kim and Hyun 2006). 

Preparation of reagents for comet assay 
The following materials were used to make the reagents 
required for comet assay. Disodium EDTA, 
Dimethylsulfoxide (DMSO), Phosphate Buffered Saline 
(PBS), Acridine Orange, Triton X-100, Trizma Base, 
Sodium Chloride (NaCl), and Sodium Hydroxide (NaOH). 

Lysing Solution 
Ingredients in 1000 mL: 100 mM EDTA (37.2 gm), 2.5 M 
NaCl (146.1 gm) and 10 mM Trizma base (1.2 gm). The 
ingredients were added to about 700 mL dH2O and then 
the mixture was stirred. About 8gm NaOH was added and 
the mixture was allowed to dissolve (for 20 min). Then the 
pH was adjusted to 10.0 by using concentrated NaOH or 
HCl q.s. to 890 mL with dH2O (the 1 % Triton X-100 and 
10% DMSO increased the volume to the correct amount 
during final lysing solution). After that lyisng solution 
(Stock solution) was stored at room temperature. 
Dulbecco's PBS - 1 L packet was added to 990 mL dH2O, 
the pH was adjusted to 7.4, q.s. (quantity sufficient) to 
1000 mL and then it was stored at room temperature. 

Electrophoresis Buffer 
For Electrophoresis Buffer the Stock solutions of 200 mM 
EDTA and 10 N NaOH were made for every ~2 weeks. 
Both these stock solutions were stored at room 
temperature. 

Preparation of stock solutions 
1. 200 mM EDTA (14.89 g/200 mL dH2O, pH 10) 
2. 10 N NaOH (200 g/500 mL dH2O) 
For 1X Electrophoresis Buffer (made prior to each 
Electrophoresis run): Per liter, 30 mL NaOH and 5.0 mL 
EDTA were added, q.s. to 1000 mL and were mixed well. 
The total volume was depended on our gel box capacity. 
The pH of the Buffer was measured to be 13. 

Neutralization Buffer 
About 0.4 M Tris: 48.5 gm of Tris was added to 800 mL 
dH2O, the pH was adjusted to 7.5 with concentrated HCl 
(10 M): q.s. to 1000 mL with dH2O. The solution was 
stored at room temperature. 

 Staining Solution 
Acridine Orange (a DNA specific fluorescent dye) of 20 μg 
mL-1 was used. About 0.4 mL (400μL) stock solution was 
mixed with 19.6 mL dH2O to obtain the required 
concentration.  

Preparation of slides for Comet Assay 
The following materials were required for preparation of 
slides for comet assay.  
Low Melting Point Agarose (LMPA), Normal Melting 
Agarose (NMA), Ethanol, Micro centrifuge Tubes, 
Micropipette and Tips, Microscope Slides, Coverslips (22 
x 22 mm), Coplin jars (opaque), Horizontal Gel 
Electrophoresis Apparatus, Microscope Slide Tray 
(aluminum) and Electrophoresis Power Supply. 
The agarose gel was dissolved by boiling in microwave 
oven. For LMPA, 5 ml samples were aliquoted into 
scintillation vials and refrigerated until needed. Then 
LMPA vial was placed in 37ºC water bath for cooling and 
stabilizing the temperature. 

Preparation of Base Slides 
While NMA was still hot, the conventional slides were 
dipped up to two-third the frosted area, kept for a minute 
and were then gently removed and placed in tray till dried. 

Layering of Cells and LMPA on base slides 
To the coated slide, 75 μL of LMPA (1.5%) mixed with 

10 μL of blood was added. The slide was put on ice pack 
for 5 to 10 minutes, so that the agarose gel and cell layer 
was hardened. Third LMPA layer of 85 μL was added to 
the slide and then returned to the ice pack for 5 to 10 
minutes to harden the agarose layer. 

The cover slip was gently removed from the third 
LMPA layer and the slide was slowly lowered into the cold, 
freshly made lysing solution poured in a glass tray. The 
tray containing the slides was kept in Refrigerator for at 
least 2 hours or maximum overnight at 4 0C. 

Electrophoresis of Micro gel Slides 
Electrophoretic buffer consists of 7.5 mL NaOH and 1.25 
mL EDTA with pH 13. Slides from the lysing solution were 
placed in the electrophoresis buffer for 20 minutes to 
express the Alkali-labile sites and to unwind the DNA. 
After 20 minutes electrophoresis was run at 24 Volts and 
300 mA current for 30 minutes. The slides were then 
coated with Neutralization Buffer drop by drop. The slides 
were drained and kept for 20 minutes in cold 100% 
ethanol for dehydration and next air dried and placed in 
incubator at 50 0C for 30 minutes. 

Rehydration and Staining of Slides 
Chilled distilled water was used for rehydration of slides. 
The slides were kept for about 30 minutes in it and then 
stained with 70 μL DNA specific fluorescent dye acridine 
orange (20 μg/ml) and kept for 5 minutes. Before 
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observing the slides, excess of water on the edges and 
back of the slides was blotted away. 

Scoring of slides and Visualization of DNA damage 
From every slide 100 cells were randomly selected and 
images were taken at 400x by using fluorescent 
microscope (Nikon Eclipse 80 i) equipped with an 
excitation filter of 450-490 nm. Comet tail lengths 
(consisting of nuclear region and tail) were scored visually 
into 5 Comet Classes;  
Comet Class 0 (no damage, hence no tail), 
Comet Class 1 (tail up to 1.5 times the diameter of the 
comet nucleus), 
Class 2 (tail 1.5–2.0 times the diameter of the comet 
nucleus), 
Class 3 (tail 2.0–2.5 times the diameter of the comet 
nucleus) and 
Class 4 (maximally damaged with total DNA in its tail). 
 

 
 
Figure 1: Degree of DNA damage shown by comet 
assay 
A final overall total comet score for all 100 cells was 
obtained by summing up the number of cells in each class 
times the class number, giving a rating between 0 
(completely undamaged) and 400 (maximum damaged)  
(Collins, 2004) i.e. 
TCS = 0(n) + 1(n) + 2(n) + 3(n) + 4(n) 
Where (n) indicate the number of cells in each class. 
 

RESULTS AND DISCUSSION 

Water analysis for physico-chemical parameters 
  Water samples were collected from three 

contaminated sites of River Kabul and analyzed for 
physico-chemical parameters. This study reported that all 
the physico-chemical parameters were below the 
permissible limits proposed by National environmental 
quality standards (NEQS) except EC, TSS and Na that 
exceeded the National environmental quality standards 
recommended limit (Table 3.1). Water samples studied 
from the polluted site of River Kabul gave useful 
information about the Physico-chemical parameters 
affecting various cells and tissues of fishes. Physico-
chemical parameters like pH, TCS, EC, Na, K reported 
here were higher than NEQS permissible levels which 
might have contributed towards DNA damages in the 
selected fish species. 

Considerable increase in the concentrations of these 
parameters shows the signs of increased localized 
pollution in the river. The results of high pH, TCS and EC 
contents reported by the present study from the three 
studied sites are in agreement with the findings of 
Adeogun. (2012) who has also observed increased 
concentrations of these parameters. Similarly, the 
increased concentration of Na, K in the present study is in 
line with the results of Subramanian (2004) & Rejomon et 
al (2009). Our results of getting high levels of Physico-
chemical are in concordlance to findings of Yousafzai et al 
(2010) who has also demonstrated high level of these 
parameters.  

Water analysis for heavy metal concentration 
 Similarly table (3.2) represents the different values of 

heavy metal concentration in water samples collected 
from three different zones of River Kabul. The results 
indicated that most of the heavy metals (such as Zn, Ni, 
Cr, Cu, Pb, Cd, Fe, Mn) studied were below the 
permissible limits proposed by National environmental 
quality standards except Hg whose concentration from the 
three studied sites were 25.3±6.5, 37.3±15.2 and 
42.0±14.9 µg/l respectively. These values are much higher 
than NEQS recommended value (10.0) (Table 3.2). 

 
Table 3.1: Physico-chemical parameters of contaminated water sample A from Akbar Pura (low contaminated), 
water sample B from Amangar (medium contaminated) and water sample C from Phirsabaq (high contaminated) 
of River Kabul. 

Parameters Water sample A Water sample  B Water sample C (NEQS) 

pH 7.3±1.0 7.4±1.3 7.5±1.4 6-10 

TSS (mg l-1) 602.7±261.7 883.3±409.0 964.3±209.6 150 

TDS (mg l-1) 475.7±138.3 564.3±163.8 613.0±200.4 3500 

EC (mg l-1) 286.3±55.0 247.3±69.4 230.7±83.1 100 

Cl (mg l-1) 15.9±8.5 26.0±8.1 31.7±8.2 1000 

K (mg l-1) 2.4±0.7 5.8±2.2 5.9±2.2 5 

Na (mg l-1) 18.0±4.8 19.0±7.9 22.3±7.0 5 

 

             Class 0                Class 1                        Class 2 

 

                Class 3                                Class 4 
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Table 3.2: Heavy metal contents of contaminated water sample A from Akbar Pura (low contaminated), water 
sample B from Amangar (medium contaminated) and water sample C from Phirsabaq (high contaminated) of 
River Kabul. 

Parameters Water sample A Water sample  B Water sample C (NEQS) 

Zn (µg l-1) 222.3±41.9 232.3±62.4 255.7±37.1 500 

Ni (µg l-1) 60.7±13.4 49.7±10.5 85.7±17.4 1000 

Cr (µg l-1) 42.0±10.5 43.3±9.8 48.7±17.3 1000 

Cu (µg l-1) 21.3±7.7 27.0±8.3 30.0±8.8 1000 

Pb (µg l-1) 165.3±31.9 177.3±33.0 187.7±30.1 500 

Cd (µg l-1) 70.3±11.2 74.0±45.0 81.3±19.0 100 

Fe (µg l-1) 49.0±11.2 61.0±8.9 55.3±28.3 8000 

Mn (µg l-1) 52.0±8.1 56.0±12.1 44.7±9.7 1500 

Hg (µg l-1) 25.3±6.5 37.3±15.2 42.0±14.9 10 

 
 
Thus presently the water samples collected from 

different polluted sites of River Kabul gave useful 
information about the heavy metal concentration, affecting 
various tissues and cells of fishes. In the present study, 
the level of most of the heavy metals from the studied 
sites were below the NEQS level except Hg whose 
concentration was nearly four times higher than NEQS 
permissible level. Its higher concentration might have 
contributed towards DNA damages isolated from the 
selected fish tissues. 

 Metals scrap market, activities of the blacksmiths, 
municipal wastes on the bank of the lake, agricultural 
activities within the catchments area of the lake and 
intense irrigation practices are sources of heavy metals 
pollution in river Water pollution due to heavy metals is 
leading problem worldwide which has arose from 
increased concentrations of industrial, agricultural and 
commercial chemicals discharged into aquatic 
environment having deleterious effects on aquatic 
organisms, including fish (Jonathan and Maina 2009), 
(Islam et al 2006). Ginebreda et al. (2014) have reported 
that increasing industrial, agricultural and commercial 
chemicals released into aquatic environment have led to 
different deleterious impacts on aquatic living things, 
including fish. A general comparison is made between the 
different types of discharge, rivers having been included 
within the streams and drains category. The increased 
load of heavy metals in Kabul River has adverse effects 
on flora and fauna. 

Sequences of Genetoxicity: 

DNA damage in red blood cells 
Fish have been considered as good models and 

sensitive indicators for monitoring the genotoxic and 
cytotoxic impacts of pollutants in aquatic systems and 
quality of water due to their ability to metabolize xenobiotic 
and bio accumulate pollutants in target tissues and 
transferring them to high trophic levels (Ozkan et al. 
2011). Genotoxicity tests are gaining importance leading 

to great and urgent need for sensitive assays to evaluate 
the genotoxicity and cytotoxicity of the pollutants. 
Genotoxicity is a deleterious action, which affects a cell's 
genetic material and also affecting its integrity (Wirzinger 
et al.   2007). 

The present investigation has determined the 
genotoxicological effects of heavy metals like Zn, Ni, Cr, 
Cu, Cd, Pb, Fe, Mn and Hg in blood, intestine, skin, liver 
and gills of two selected fish species vis Chana punctatus 
and Shizothorax pelageostomus from polluted sites 1 and 
2 (Nowshera and Aman Gar) of River Kabul and were 
compared with fish samples from Warsak Dam (control) to 
estimate the degree of DNA damage caused by heavy 
metals through comet assay (table 3.3). 
In the current investigation total comet score (TCS) in the 
blood of selected fish species from polluted sites was  
higher as compared to those from control site of the River 
Kabul. Blood of Chana punctatus from polluted water 
showed highest total comet score (TCS) with mean values 
of 205.3 cells and Shizothorax pelageostomus showed 
226.6 cells respectively. The overall TCS in this tissue 
was in the sequence of Chana punctatus, Shizothorax. 
This indicates that Chana punctatus had maximum TCS 
and Shizothorax had minimum. This greater degree of 
DNA damage in blood cells and tissues of Chana 
punctatus could be related to the omnivorous nature of the 
fish, large body size, and low elimination of metals from 
body, exposition of fish to metals for long period and more 
contents of metals in the blood of this fish. In the present 
investigation total comet score (TCS) in the blood of 
selected fish species from polluted sites was  higher as 
compared to those from control site of the River Kabul. 
Genotoxic chemicals include quinones, aromatic nitro 
compounds and certain metals. These chemicals 
stimulate the metabolic generation of reactive oxygen 
species which can damage DNA (Omar et al. 2012).  
Richard et al (2003) had investigated that in fish, the 
comet assay directly detects DNA strand breaks in 
circulating erythrocytes, which may be induced very early 
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after exposure to heavy metals. 

DNA damage in gills cells 
Gills of Chana punctatus from polluted sites had highest 
level of total comet score (TCS) with mean values of 
171.3±12.0 cells and203.3±6.6 cells and Shizothorax 
pelageostomus had 179.0±14.7 cells and 208.0±8.7 cells 
respectively. The overall levels of TCS in the examined 
fish species was in the order of Shizothorax 
pelageostomus , Chana punctatus (table 3.4).  
This shows that gills of Chana punctatus having high 
degree of TCS while Shizothorax pelageostomus having 
the least. Chana punctatus is an omnivorous fish. Being 
an omnivorous nature it is exposed to heavy metals for 
long period and had accumulated greater content of 
metals in this organ. Gill is the tissue that is directly 
exposed to heavy metals. As overall comparison to other 
tissues, gills have less degree of DNA damage cells than 
intestine, blood, skin and liver. This could be because of 
less accumulation of heavy metals and strong 
detoxification power. The present results are in agreement 
with those observed by many investigators who have also 
studied the genotoxiccological effects of heavy metals on 
the gills of other fish species (Valko 2005). 

DNA damage in skin cells 
The skin of Chana punctatus from both polluted sites 
contained maximum level of TCS with mean values of 
200.0±10.0 cells and 225.0±8.5 cells and Shizothorax 
pelageostomus contained 217.0±12.5 cells and 249.0±6.5 
cells respectively (table 3.5). The TCS level in this organ 
was in the sequence of Shizothorax pelageostomus 
,Chana punctatus. The present study found higher 
percentage of damage DNA cells in the skin of different 
fish species from polluted sites as compared to control 
site. The present study found higher frequency of damage 
DNA as compared to the findings of (Nehls and Segner 
2005), (Mai et al. 2005). 
 
DNA damage in intestine cells 
Intestine of Chana punctatus from polluted waters had 
highest content of total comet score (TCS) with mean 
values of 215.3±6.8 cells and 247.6±8.3 cells, and 
Shizothorax pelageostomus had 238.6±6.4 cells and 
257.0±8.7 cells respectively. The TCS level in intestine 
was in the sequence of Shizothorax pelageostomus, 
Chana punctatus. This indicates that Shizothorax 
pelageostomus had higher degree of TCS and Chana 
punctatus had lowest level (table 3.6). 

 
Table 3.3:  Degree of total comet score (TCS) and comet class in the blood of Chana punctatus & Shizothorax 
pelageostomus netted from Akbar Pura (Site 1) and two polluted sites (Site 2 and Site 3) of  River Kabul receiving 
city sewages  and industrial effluents.  

Fish species TCS & comet classes / Types Site-1 Site-2 Site-3 

 
 

Chana punctatus 
 
 

Class-0 
Class-1 
Class-2 
Class-3 
Class-4 

TCS 

74.67+18.62 
6.67+3.5 

5.67+6.24 
6 +2.2 

5.6 +4.6 
61 +26.8 

67+13.3 
10.3+9.76 
11.3+8.65 

7 +4.8 
7 +6.5 

73.6+44.9 

60.67+14.4 
11.66 +8.30 
12.66+5.60 
7.6 +5.33 
8 +7.67 
88.6+37 

 
 

Shizothorax pelageostomus 

 

Class-0 
Class-1 
Class-2 
Class-3 
Class-4 

TCS 

66.33+.5 
10+2.6 

11.33+4.7 
5.66+4 

6.67+5.7 
76.33+27.5 

58.6+20.7 
13.6+12.05 

12.3+.83 
7.3+5 

7.33 +9.7 
92+37.9 

56.33+18 
14+10.8 
13.67+6 
8.33+4 

7.67+5.9 
96.7+9.33 

 
Table 3.4 :Degree of total comet score (TCS) and comet class in the gills of Chana punctatus & Shizothorax 
pelageostomusnetted from Akbar Pura (Site 1) and two polluted sites (Site 2 and Site 3) of  River Kabul receiving 
city sewages  and industrial effluents. 

Fish species TCS & comet classes / Types Site-1 Site-2 Site-3 

 
 

Chana punctatus 
 
 

Class-0 
Class-1 
Class-2 
Class-3 
Class-4 

TCS 

70+51.2 
10+6.90 

12. + 5.83 
5.3+6.05 
2.6+2.20 

62.6+25.38 

61.6+17.38 
15.3+3.95 
13.6+3.95 

6+1.20 
4+2.30 

64.6+25.57 

60+15.4 
16+10.9 

14+11.83 
7+10.59 

4.67+3.20 
78+40.9 

 
 
 

Shizothorax pelageostomus 
 

Class-0 
Class-1 
Class-2 
Class-3 
Class-4 

TCS 

74.6+21.5 
10+4.32 
9+4.16 

2.6+1.56 
2.3+1.44 
58+17.51 

66.6+15.47 
11+3.83 
10+4.67 
7.7+4.12 
4.3+3.14 
72+14.9 

64+14.6 
12+10.3 

11.33+4.58 
8.33+3.4 
4.67+1.4 

75+24 
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Table 3.5: Degree of total comet score (TCS) and comet class in the skin of Chanap unctatus &Shizothorax 
pelageostomus netted from Warsak Dam (Site 3) and two polluted sites (Site 1 and Site 2) of River Kabul 
receiving city sewages and industrial effluents.  

Fish species 
TCS & comet 

classes / Types 
Site-1 Site-2 Site-3 

 
 

Chanap unctatus 
 
 

Class-0 
Class-1 
Class-2 
Class-3 
Class-4 

TCS 

69.33+7.87 
11.67+3.10 

11+3.87 
4.67+2.32 

4+2.03 
63+9.16 

53.33+23.5 
14.7+9.79 
16+10.27 
6.67+2.03 
7.3+1.78 

101+111.75 

52+23.76 
15.6+5.76 
13.6+3.46 
8.0+3.79 
8.0+6.08 

103+56.25 

 
 

Shizothorax pelageostomus 
 

Class-0 
Class-1 
Class-2 
Class-3 
Class-4 

TCS 

68.33+9.55 
12+4.87 
8+5.56 

6.66+4.79 
5+2.82 

68+13.45 

57.33+16.43 
16.33+5.74 

11+5.34 
11.36+6.78 

7+6.92 
88+28.65 

55.6+18.35 
17.0+10.9 
12.0+7.64 
11.7+12.71 

8+4.34 
92.33+47.0 

 
Table 3.6: Total comet score (tcs) & comet classes / types in intestine of Chana punctatus & Shizothorax 
pelageostomusnetted from site-1 & site-2 & site-3 of river Kabul. 
 

Fish species 
TCS & comet 

classes / Types 
Site-1 Site-2 Site-3 

 
 

Chana punctatus 

Class-0 
Class-1 
Class-2 
Class-3 
Class-4 

TCS 

74 10 

10.7 17 

10 09 

3.3 04 

3.3 7.2 

58 18 

62.6 12 

15 7.6 

13.6 2.5 

4.0 5.5 

4.0 1 

72.6 13.6 

61 9 

16 14.11 

14 6.87 

4.67 4.57 

4.63 4.83 

75.3 3. 39 

 
 

Shizothorax pelageostomus 

Class-0 
Class-1 
Class-2 
Class-3 
Class-4 

TCS 

76 10 

7.7 4.4 

5.6 5.76 

5.3 2.3 

5.0 6.5 

64 34.5 

51.6 10.8 

19 6.90 

16 8 

7.33 4.71 

7.3 4.3 

99 25.5 

50.3 12.52 

20 9.65 

17.7 6.33 

8.0 5.60 

8.0 4.28 

100.3 5.0 

 
Our results are in concordance with previously reported 
results who have demonstrated high frequency of DNA 
damage in the intestine of other fish species after 
exposure to heavy metals. Rajaguru (2003) have also 
shown nearly the similar results in the intestine cells of 
Clupisoma Naziri. 

DNA damage in liver cells 
Liver of the selected fish species were used for estimating 
DNA damage caused by pollutants. The DNA damage 
observed in the Liver of five fish species from sites 2 and 
3 was significantly higher than site 1 (table 3.7).   
For Torputitora fish species, the highest TCS was 
observed to be 79.0 ± 18.67 from site-3 and lowest TCS of 
o 52.0 ± 14.42 from site-1 (Figure 4.5, Table 05). For 
Chana punctatus fish species, the highest TCS was 

observed to be.96.6. 51 cells from site-3 and lowest 
TCS of 62.0 ± 31.0 from site-1. Similarly, for 
Hypothalmichthyes molitrix, the highest TCS was found 
from site-3 which was 76.0 ± 22.40 cells and the lowest 
TCS of 62.0 ± 39.9 from site-1. This study also detected 
the highest TCS for Clupisoma naziri fish species from 
site-3 of 72.0+35.3 and lowest 59.0 ± 6.19 from site-1. 
Similarly, for Shizothorax elageostomus, the maximum 
TCS was recorded from site-3 i.e. 96.6 ± 51 and minimum 

TCS of 45 45.6 cells from site-1. 
      The sequence of highest TCS in Liver tissues of 
studied fish were Shizothorax Pelageostomus> hana 
Punctatus> Tor putitora> Hypothalmichthyes molitrix> 
Clupisoma Naziri 
Thus our study is parallel to the investigation of Rajaguru 
et al. (2003) and Omar et al. (2012). They have reported 
DNA damage due to toxic chemicals and heavy metals in 
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various organisms.   
 
Table 3.7 : Degree of total comet score (TCS) and comet class in the liver of Chana punctatus & Shizothorax 
pelageostomus netted from Site-1 (Site 1) and two polluted sites (Site 2 and Site 3) of River Kabul receiving city 
sewages and industrial effluents.  
 

Fish species 
TCS & comet 

classes / Types 
Site-1 Site-2 Site-3 

 
 

Chana punctatus 

Class-0 
Class-1 
Class-2 
Class-3 
Class-4 

TCS 

73.6 28.03 

7 7.63 

8.6 6.3 

4 3 

6 7.286 

62 31 

61 9 

13 4.79 

12 4.58 

4.67 2.82 

4 2 

76 9.6 

60 8.9 

14 7.02 

14 7 

7.3 9.10 

6.66 5.45 

86 20.14 

 
 

Shizothorax pelageostomus 

Class-0 
Class-1 
Class-2 
Class-3 
Class-4 

TCS 

67.3 10.19 

13 4.12 

12 4 

2.6 2 

4 2.5 

45 45.6 

63.6 27.64 

16 7.6 

13 15.8 

5 3.5 

4.6 2 

57 24.0 

55.6 14.4 

17 8.33 

16 6.54 

6 5.33 

6.33 6.5 

96.6 51 

 
 

 
 

Figure 2: River system of Pakistan 
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Figure 3: River Kabul and its tributaries 

CONCLUSION 
The data generated during the study (2015-17) indicates 
the presence of sub lethal concentrations of pollutants in 
the River Kabul affecting the fish population as evident 
from apparent DNA damage in various parts of fish 
studied. It also confirms presence of pollution plug in the 
river at Nowshera, which has created a barrier between 
the fish population of River Indus and River Kabul. In the 
present investigation TCS and comet class 0, class 1, 
class 2, class 3 and class 4 were determined in the blood, 
intestine, skin, gills, liver of two different fish species vis 
Shizothorax pelageostomus and Chana punctatus  netted 
from both polluted and non-polluted sites of River Kabul. 
The result shows that highest level of the DNA damage 
was found in the intestine followed by the blood, skin, liver 
and gills. Similarly the highest level of the DNA damage 
was observed in Shizothorax pelageostomus followed by 
Chana punctatus. Thus the organs level order of DNA 
damage in Chana punctatus was in the order of intestine, 
blood, skin , liver, gills, and in Shizothorax pelageostomus  
was in the order of intestine, skin ,blood, liver, gills.  
Overall order of comet class in different tissues is as; in 
the blood was Class 0, Class 2, Class 1, in intestine was 
Class 0, Class 1 , Class 2, Class 3, Class 4, in the skin 

was Class 0 , Class 1, Class 2, Class 3, Class 4, in the 
gills was Class 0, Class 1 , Class 2, Class 3, Class 4, in 
the liver was Class 4 , Class 3, Class 0, Class 2, Class 1. 
TCS in different tissues was in the order of intestine, 
blood, skin, liver, gills, while in fish species the sequence 
was Shizothorax pelageostomus> Chana punctatus. 
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