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Abstract

Water pollution requires constant analysis and revision of water resource policy at all levels. 
Unfortunately, waterways are polluted by illegal dumping of urban waste, industrial waste, and a 
variety of human activities. Hazardous releases from industry are harmful to both human and animal 
health and safety. The Ravi River is the largest river in Punjab, Pakistan, and its water quality has 
deteriorated as a result of the inflow of municipal and industrial waste. As a result of this pollution, the 
aquifer environment is deteriorating. This situation necessitates an assessment of the pollution level 
in the Ravi and its sediments in order to make an urgent and ecological arrangement to preserve and 
replenish the quality of the aquifer for long-term and safe use without interfering with the natural flow 
of the environment. Samples of fish (Cirrhina mrigala), water, and sediment from three public fishing 
sites in the Ravi River, Shahdra Bridge, Saggian Bridge, and Balloki Headworks, were collected on 
a monthly basis from October 2015 to March 2016 to detect metal concentrations. Physico-chemical 
parameters viz dissolved oxygen, temperature, pH, and electrical conductivity were measured on the 
spot, while hardness, turbidity, and alkalinity were measured in the laboratory. The findings show that 
the highest concentrations of chromium (Cr) and lead (Pb) are present in water, fish organs, and river 
Ravi bed sediments at all three locations with statistically significant variations. Pb was slightly higher 
for all fish organs compared to Cr. The highest concentration of chromium in water samples was found 
in October 2015, while the lowest concentration was detected in February 2016. The study concludes 
that all types of wastewater (sewage and agricultural waste) should be treated and tested for toxic heavy 
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Introduction

Water is a big natural resource and a wonderful gift 
of nature to humanity used for the preservation of life 
and for general well-being [1]. It is used in agriculture, 
hydropower generation, livestock production, industrial 
activities, forestry, fisheries, navigation, and recreation 
[2]. In any region, surface and groundwater play an 
important role [3]. Water pollution is the contamination 
of water sources such as lakes, rivers, groundwaters, 
and oceans by anthropogenic activities [4]. Water 
pollution can be considered to be the presence of 
excessive quantities of a hazard (pollutants) in water in 
such a way that it is no longer appropriate for drinking, 
bathing, cooking, or other uses [5]. Water pollution is 
a major global concern requiring ongoing review and 
revision of water resource policy at all levels. Water 
shortages or pollution are caused worldwide by diseases 
and deaths of living creatures [6]. Unfortunately, river 
waters are contaminated by the unregulated dumping 
of waste, industrial waste, and a myriad of human 
activities, which affect their physical and chemical 
characteristics. Shifting of  hazardous releases from 
industry is detrimental to human and animal health 
and safety [7]. To determine the level of heavy metal 
toxicity, it is important to consider the parameters of 
water quality [8]. Heavy metals (Cr and Pb) may react 
with different contents of the aquatic environment and 
may be correlated with different geochemical phases 
of the sediment [9, 10]. Aquatic species, including fish, 
absorb contaminants such as Cr and Pb directly from 
polluted water and indirectly through the food chain 
[11, 12]. 

Fish assimilate Cr and Pb through ingestion or 
gill uptake and accumulation in fish tissues, primarily 
liver, occurs at higher concentrations than all  those 
metals  present in the environment. The overall toxic 
effect on organs such as gill, kidney, and liver can have 
a significant effect on metabolic, physiological processes 
and could affect the growth and behavior of fish [13]. 
Speedy urbanization and industrial development 
increased the production of wastewater through sewage 
discharge. If wastewater goes in nearby rivers without 
suitable treatment, it causes many environmental issues 
for human beings and aquatic life. [14, 15] In other 
words, urbanization without justifiable development 
deteriorates the water ecosystem. Therefore, developing 
countries to implement proper urban water-quality 
management plans by installing wastewater treatment 
facilities at disposal sites. However, many cities in 
developing countries have been urbanized without 

such planning, therefore this contaminated water from 
residential and industrial areas contaminate the water 
ecosystem. [16].  The main objective of this study was 
therefore to investigate the effect of Cr and Pb on the 
survival of Cirrhins mrigala and to compare Cr and Pb 
concentrations in different fish tissues such as muscle, 
skin, and gill. While the natural influx of the River 
Ravi decreases over time, industrial, animal waste, and 
municipal wastewater are continuously dumped into 
the river without treatment, affecting the wastewater 
dilution process and contributing significantly to water 
pollution.

Materials and Methods

This study was carried out by the Research 
Laboratory, the Department of Fisheries and 
Aquaculture, the University of Veterinary and Animal 
Sciences, Lahore (Ravi Campus, Pattoki). Water, 
sediment, and fish (Cirrhina mrigala) were collected 
monthly for the period from October 2015 to March 
2016. Samples were obtained from three public fishing 
sites in River Ravi Viz. Shahdra Bridge, Saggian 
Bridge, Balloki Headworks. Two sites (upstream and 
downstream) were selected for sampling at all locations. 
Physico-chemical parameters vz. Dissolved oxygen, 
temperature, pH, and electrical conductivity were 
measured on the spot, while hardness, turbidity, and 
alkalinity were measured in Laboratory.

Collection and Preparation of Water Samples

Water samples were collected every month from 
October to March between 6 a.m. and 6 p.m. Water 
samples were obtained from just below the surface and 
the column (one meter  below the surface) using the 
Kemmerer bottles. 10 ml of concentrated HNO3 was 
added to the sample taken in the beaker and stirred for 
10 minutes, filtered, and kept at room temperature for 
further analysis of heavy metals.

Sediments Sample Collection and Preparation

River bed sediments were collected monthly with 
the use of a Grab Sampler. Polyethylene scoops and cans 
have been used for sampling and storage. Samples were 
packed in ice bags during transport to the laboratory. 
After diligent air-drying, meticulous sieving was carried 
out using a 2 mm sieve. Pulverized sediment samples 
were packed in pre-marked polyethylene zipper bags 

metals such as Cd and Pb prior to discharge into aquatic resources. Finally, for the protection of aquatic 
life and to keep heavy metals out of the food chain, special attention must be paid to the enforcement  
of all applicable laws and regulations.
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and stored below-20ºC. The sample was prepared using 
an aqua-regia extraction method and approximately 
3 grams  were taken in a 250 ml glass beaker in this 
technique. Metal digestion was conducted at chamber 
temperature for approximately 16 hours using 28 ml 
of 30 percent Hydrochloric Acid (HCl) and 70 percent 
Nitric Acid (HNO3) at a 3:1 ratio and was combined to 
prepare the aqua regia. The suspension thus obtained 
was again digested by heating at around 130ºC for  
2 hours. In the second stage of digestion, the heating 
was done in the water bath. As a result, the suspension 
was tested and sieved using What’s man filter paper and 
then diluted by making up a volume of up to 100 ml 
with 0.5M HNO3. Prepared sediment samples were then 
stored at 4ºC for heavy metal estimation.

Fish Sample Collection and Digestion

Cirrhina mrigala samples were collected from 
three River Ravi sites monthly. Cirrhina mrigala 
was collected from the sampling site by netting. Five 
specimens of the species were collected during each 
sample with an average weight of 800-1000gm and the 
fish was preserved at 4ºC right after capturing the fish 
and immediately transported to the laboratory premises 
where they were frozen using cooling chest boxes. The 
fish samples were then carefully removed to obtain the 
required vital organs (Gills, Liver, Skin, and Muscle) 
under examination. At this stage, individual fish was 
properly washed and cleaned using distilled water to 
remove any remains of rubble, hummus, plankton, or 
additional peripheral adherent matter. After a weight of 
2.0 g of each organ or whole organ (pre-weighed in case 
of the liver) was weighed, dried in the oven at 65ºC for 
approximately 24 hours. After this time, the next step 
was to burn it to ashes in the furnace at 700-1000ºC for 
approximately 90 minutes. Following this step, the ash 
content obtained from the organ is dissolved in 18 ml of 
Conc. HNO3 was then heated again for two hours. The 
last step was to add 10-15 ml of double distilled water 
and then make- up to 50 ml of volume by adding double 
de-ionized water.

Determination of Cr and Pb

Z-8230 Polarized Zeeman Atomic Absorption 
Spectrophotometer was used to estimate Cr and Pb in 
water, sediment, and Cirrhina mrigala organs (liver, 
gills, muscle and skin) (liver, gills, muscle, and skin).

Results and Discussion

Physico-Chemical Parameters

At the site, physical-chemical parameters such as 
dissolved oxygen, (a portable dissolved oxygen analyzer 
(determinator) was used to determine the dissolved 
oxygen concentration), temperature, (a thermometer 

was used to determine the water temperature),  
pH, and electrical conductivity, (pH and EC were 
measured using a portable pH and EC meter), and 
hardness, (hardness of water was determined using the 
EDTA Titration Method) were measured. Sulfuric acid 
is added to the water sample in a measured amount 
until the three major forms of alkalinity (bicarbonate, 
carbonate, and hydroxide) were converted to carbonic 
acid. Table 1 contains data on all physico-chemical 
parameters.

Cr and Pb Concentration (mg L-1) in Water

The concentration of chromium in the water 
samples (upstream and downstream) obtained from 
all three experimental sites (Table 2) shows that the 
highest concentration of chromium is present in 
Balloki Headworks water followed by Shahdara Bridge 
and Saggian Bridge with mean values of 58.70±3.27, 
43.23±9.08, and 41.35±3.28 mgL-1 respectively. This 
indicates that the highest contamination of chromium 
in Balloki Head has occurred between the three 
experimental sites. This table also shows major seasonal 
variations in data. The maximum concentration was 
observed during October 2015 (55.55±9.48 mg L-1), 
while the minimum concentration was observed during 
January 2016 (43.33±8.79 mg L-1). In the Pb evaluation, 
between the three sampling sites, the water at Baloki 
Head Works also  showed significantly higher toxicity 
of Pb 0.20 mg L-1 both at upper and downstream 
followed by that at Shahdara, Saggian Bridge with 
mean concentrations respectively, with statistically non-
significant differences (Table 2).

 Chromium and Lead Concentration (µg/g) 
in Bed Sediments

Bed sediments are usually the final pathway of 
both natural and anthropogenic components generated 
or extracted from the environment. Sediment content 
is a good measure of water column contamination, 
where it appears to concentrate heavy metals and other 
organic contaminants. The drainage water brings large 
quantities of sediments to rivers, lakes, etc., which are 
dispersed across the entire body of water through tides 
and movement of water. In this analysis, the samples 
of bed sediment were obtained from the study area 
during the study period from October 2015 to March 
2016 and the concentration of Cr was shown in Table 3. 
In the present analysis, the highest concentration was 
observed at Balloki Headworks with mean values of  
141.35±14.46 μg/g followed by Shahdara Bridge and 
Saggian Bridge with mean values of 123.25±13.03 and 
97.23±17.88 μg/g, respectively. The Pb concentration 
in the soil bed of the three sampling sites Shahdara 
Bridge, Saggian Bridge, and Balloki Headworks at river 
Ravi was reported with remarkable ranges. The Average 
value of Pb at three stations Shahdara Bridge, Saggian 
Bridge, and Balloki Headworks was documented 
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as  70.24±11.33, 81.2325±14.18, and 129.5±3.10 μg/g, 
respectively (Table 3). 

Cr and Pb Concentration (mg L-1) in Fish Organs 
(Cirrhina mrigala)

Fish (Cirrhina mrigala) was collected from three 
sampling sites. Shahdara Bridge, Sggian Bridge, and 
Balloki Headworks for the months from October 2015 
to March 2016. Cr and Pb concentrations were measured 
in the liver, muscle, skin, and gills of all fish collected 
through the Atomic Absorption Spectrophotometer. The 
fish organs showed major variable responses in terms of 
metal accumulation. Pb was significantly higher with 
all fish organs, preceded by Cr. At Shahdara Bridge, 
Cirrhina mrigala displayed a significantly variable 
response in terms of metal accumulation in its organs. 
The highest concentration of Cr was observed in the 
liver, while the minimum concentration was observed 
in fish skin with mean values of 20.66±1.51 and  
0.40±0.09 μg/g, respectively (Table 4) at Shahdra 
Bridge. Same trend was observed at head Saggian 
(18.87±1.84, 1.19±0.08 μg/g) (Table 4) and head Baloke 
(35.09±1.17, 2.33±0.22 μg/g) (Table 4). Different fish 
organs of Cirrhinus mrigala containing different 
amounts of Pb. The concentration of Pb in the gill 
observed higher and lowest concentration was observed 
in the skin at Shahdra Bridge 0.18±0.06, 0.10±0.10 μg/g 
respectively (Table 5). At Saggian Bridge liver contained 
the highest concentration of Pb (0.28±0.17 μg/g) and a 
minimum concentration of 0.14±0.16 was found in the 
skin as compared to other organs (Table 5). The same 
trend was observed in liver and skin at Baloke Bridge 
0.34±0.18 and 0.15±0.09 μg/g (Table 5). 

Heavy metals are extreme aquatic pollutants, 
and their uptake and accumulation in the aquatic 
environment will have a direct impact on the aquatic 
food chain and eventually on humans. Water bodies 
are vital natural resources to meet the increased 
human needs for fish. The contamination of the river 
is primarily caused by the discharge of effluents from 
factories and municipal wastewater. As a result, water 
pollution has become more serious due to its effects on 
human health and the protection of aquatic ecosystems. 
The awareness of heavy metal concentrations in 
fish as well as in water and sediments  is therefore 
significant in terms of the essence of the management 
and human consumption of fish. In this study, a high 
concentration of heavy metal chromium was observed 
in water collected from the main sites of Shahdra 
Bridge, Saggian Bridge, and Balloki from October 
2015 to March 2016. During this analysis, the highest 
concentration of Cr in water samples was detected in 
October 2015, while the lowest concentration of Cr was 
detected in February 2016.

Physico-chemical parameters of the water sample 
have also been assessed, as changes in parameters 
also influence aquatic life. Water temperatures can 
cause differences in the metal deposition in different 
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organs. Higher temperatures promote the accumulation 
of chromium, especially in the most heavily burdened 
organs: the kidneys and the liver. Water hardness 
(mainly calcium concentration) also influences the 
absorption of metals through the gill epithelium. In 
this study, the temperature falls from October 2015 
to January 2016 and increases in February and March 
2016, pH, dissolved oxygen, hardness, alkalinity, 
electrical conductivity, and turbidity also differ from 
month to month for all three stations. The highest 
alkalinity concentration was observed in October 2015 
and the lowest concentration was observed in January 
2016. Electrical conductivity was higher in March 2016. 
The highest turbidity level was recorded in December 
2015 and the lowest was recorded in October 2015. 
[17] also determined Physico-chemical parameters for 
different seasons. They showed that Physico-chemical 
parameters were within the most desirable limits for all 
seasons except pH in summer, total alkalinity and Fe 
content in spring, autumn, and winter; total dissolved 
solids in winter and turbidity in all seasons.

During this analysis, sediment samples from 
Shahdra Bridge, Saggian, and Balloki Headworks were 
collected every month from October 2015 to March 2016 
to detect metal concentrations. In this analysis, a higher 

level of chromium was found in the sediment sample 
in December 2015. The lowest amount of chromium 
was present in January 2016. [18] also found higher 
concentrations of Fe compared to nine heavy metals 
Cd, Cr, Co, Cu, Fe, Mn, Pb and Zn, also found lower 
Cd in fish. [19] detected higher concentrations of Mn 
in sediments, than Cr, Cd, As, Ni and Pb. [20]  found  
a higher degree of Fe between Zn, Cu, Cr, and Ni. 

The concentration of chromium in Cirrhinus mrigala 
was found in this research and demonstrated in various 
fish organs such as the liver, muscle, skin, and gill. It is 
indeed [21]  also said fish bio-accumulate heavy metals, 
including Cd, zinc, lead, and copper, through various 
organs such as the liver, gill stomach and intestine. 
[22] examined  the bioaccumulation of heavy metals 
including cadmium, chromium, copper, iron, lead, zinc, 
manganese, and mercury in the livers of Cirrhinus 
mrigala. They found that the bioaccumulation amount 
of zinc was higher than that of metals. Among the fish 
species, the accumulation of Cd, Cr, Cu, Zn, Mn, Ni, 
and Hg was highest in Cirrina mrigala while low in 
Catla Catla, except for Cr and Fe. [23] determined the 
concentration of six edible fish in muscle, liver, and 
gill. The highest concentration of As was found in the 
liver and the lowest concentration was found in gills. 

Table 2. Cr, Pb concentration (mgL-1) in water of all three experimental stations.

Table 3. Concentration of Cr, Pb (µg/g) in bed sediments collected from three sampling stations during study period.

Month
Shahdra Bridge (mgL-1) Saggian Bridge 

(mgL-1) Balloki Headworks (mgL-1)

 Cr Pb  Cr Pb  Cr Pb

October,15 59.03 0.07 44.82 0.025 62.80 0.025

November,15 46.77 0.105 44.82 0.06 61.50 0.05

December,15 44.26 0.15 40.33 0.085 56.99 0.065

January,16 38.76 0.025 37.76 0.21 53.46 0.285

February,16 34.31 0.21 40.37 0.21 58.59 0.4

March,16 36.22 0.235 39.99 0.195 59.17 0.39

overall  Means 
± SD 43.23 ± 9.08 b 0.130±0.09 c 41.35 ± 2.85 c 0.140±0.09 b 58.70 ± 3.28 a 0.200±0.19 a

Means with the same letters in a single column and overall means* in a row are statistically similar at p<0.05

Month
Shahdra Bridge (µg/g) Saggian Bridge (µg/g) Balloki Headworks (µg/g)

Cr Pb Cr Pb Cr Pb

November,15 121.78 82.23 107.34 99.78 143.59 131

December,15 134.24 75.55 89.54 65.54 165.87 128

January,16 142.38 67.23 75.37 81.96 137.23 133

February,16 121.34 55.95 81.34 77.65 123.34 126

Means±SD 129.94±13.03 b 70.24±11.33 c 88.40±17.88 c 81.2325±14.18 b 142.51±14.46 a 129.5±3.10 a

Means with the same letters in a single column and overall means* in a row are statistically similar at p<0.05
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