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Abstract
Cyprinus carpio (Common carp) and Oreochromis niloticus (Nile 

tilapia) are commercially and frequently exploited fishes from the 
Ganga river at Kanpur, India. Study was undertaken during the period 
2012 to 2013 from the Ganga river. Rivers are heavily impacted due 
to their use for carrying off the industrial, municipal, agricultural 
and domestic effluents. Water samples were collected for the present 
study from the Ganga river at Kanpur. The minimum temperature 
was recorded in winter season and maximum in summer season. 
The pH, TDS, EC, phosphate, chloride, total hardness, nitrate, DO and 
all heavy metals (e.g. Cu, Cr, Cd, Zn, Pb, Hg) values exhibited their 
minimum in monsoon season. The sulphate and BOD were recorded 
minimum in winter season while alkalinity and COD had their 
lowest values in summer season. The water quality of the Kanpur 
station was very poor which is not suitable for Indian major carp 
(IMC). However, the Ganga river waters could host some tolerant fish 
species such as the exotic Cyprinus carpio and Oreochromis niloticus 
and also catfishes. All these species are very hardy, in respect of 
water quality (poor), thus they have strongly invaded in despoiled 
ecosystem of the river.   
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Introduction
The water quality of rivers is an issue of serious concern 

today. The swiftly raising indiscriminate industrialization and 
colonization along the rivers have put remarkable stress on 
water bodies (e.g. lotic ecosystem) and their quality [1-2]. Due 
to eutrophication, Indian rivers are extremely contaminated with 
organic, inorganic materials and trace elements [3-5].The entire 
life cycle of various aquatic organisms in water are affected due 
to pollution in water [6, 7].  The Ganga river is a largest river 
with largest basin in India. The Ganga river has considerable 
religious, scientific, logical, economical and community values. 
It is the territories of various organisms adding to gene cache 
of plants, animals and microbes on the globe [8, 9]. Current 
time, poor water quality of the Ganga river provides sustainable 
protection to exotic fish species Cyprinus carpio and Oreochromis 
niloticus [10, 11]. Both species stocks are also increasedfrom the 
Ganga basin (e.g. the Yamuna, Ken, Tons, Gomti and Ghaghara 

rivers) especially large ecosystem [12, 15]. These species are 
generatingintricacytoindigenous fish species (e.g. Catlacatla, 
Labeo rohita, Cirrhinusmrigala, L. calbasu, L. bata) for space, food 
and breeding grounds [16, 19].

A lot of river basins in the world presently host at least one 
or two non-native fish species as food security and resource 
utilization [20-24]. Non-native fish species is also responsible for 
freshwater fish homogenization globally [25-27].The objective of 
the present study was to give recent water quality data regarding 
invader potential of non-native fish species (C. carpio and O. 
niloticus)from the Ganga river at Kanpur, India.

Material and methods
Water samples were collected from Kanpur during January 

2012 to December 2013 from the Ganga river, India. The Kanpur 
is an industrial city with various tanneries and other polluting 
mills. These effluents are responsible for about 20-30% of the 
total water pollution of the river Ganga. During the entire study 
period of one year, samples were collected three times in a year: 
during winter, summer and monsoon seasons. The sampling was 
done between 9.30 to 11.00 AM.

Water Sampling Procedures

For physico-chemical analysis, surface water samples were 
collected from each selected site in 500 ml polyethylene bottles 
fitted with polyethylene caps. For dissolved oxygen analysis, 
samples were fixed with manganese sulphate and alkaline iodide 
in 250 ml BOD bottles in the field. For the analysis of heavy 
metals, 500 ml of water sample was taken from each site and was 
immediately acidified with 10 ml of 6N HNO3. All samples were 
brought to the laboratory. Acidified samples were stored at 4 ºC 
in the refrigerator for further analysis.

Analysis of Physico-Chemical Parameters of Water 
Sample

The Temperature, pH, total dissolved solids, alkalinity, total 
hardness, dissolved oxygen and electrical conductivity were 
estimated on the sampling site by automated water analysis 



Page 2 of 7Citation: Dwivedi A C, Tiwari A, Mayank P (2018) Environmental pollution supports to constancy and invader potential of Cyprinus 
carpio and Oreochromis niloticus from the Ganga river, India. J Poul Fish Sci .2(1):1-7. 

Environmental pollution supports to constancy and invader potential of Cyprinus carpio and 
Oreochromis niloticus from the Ganga river, India

Copyright: 
© 2018 Dwivedi A C, et al.

kit-ITS-701. Sulphate, Nitrate and Phosphates was measured 
by Perkin Elmer UV/VIS spectrophotometer model Lambda 
25.Chlorine was measured by chlorine meter model ITS 1001 
directly at the sampling site at the time of sample collection and 
expressed in mg/l.

Biochemical Oxygen Demand (BOD)

The sample for the determination of DO was collected in BOD 
bottles and they were fixed at site and brought immediately to 
laboratory and analyzed by modified winkler’s method. It was 
measured by automated oxygen analyzer. It expressed in mg/l.

Chemical Oxygen Demand (COD)

An automatic analyzer was used to measure the COD level 
in all sample collected from different rivers at various sites. It is 
expressed in mg/l.

Result and discussion
Temperature

The average temperature was observed 21.33±5.13 0C, with 

minimum 17 0C and maximum 27 0C in winter and summer 
seasons, respectively (Table 1). The fluctuation in river water 
temperature usually depends on the season, geographic location 
and temperature of effluent entering the stream [2]. Reported 
that temperature at Kanpur ranged from 21-30 0C. In spring and 
summer seasons of year 2003 and 2004 temperature was found 
to be 20.6 0C, 20.7 0C, 33.8 0C and 34 0C, respectively at Kanpur 
site [28,29].

Total Dissolved Solids (TDS)

TDS values were varied from 26-543 mg/l at Kanpur from the 
Ganga river. The average value was estimated 405.33± 41.66 mg/l. 
The minimum and maximum values were recorded in monsoon 
and winter seasons, respectively (Table 1). [30] reported TDS 
value varied from 178 to 200 mg/l in summer season from the 
Yamuna river at Agra. [31] TDS mean values were recorded 
381.37±70.39 mg/l in summer, 417.25 ±4.33 mg/l in monsoon 
which was higher than present finding and 371.25 ±14.22 mg/l 
in winter season at Jajmau, Kanpur which was lower than present 
finding.

Table 1 Investigation of physico-chemical properties and metal concentration from the Ganga river water at Kanpur

Parameters Summer Monsoon Winter Mean ± SD

Temperature  (0C) 27 20 17 21.33± 5.13

Total Dissolved Solids (mg/l) 413 260 543 405.33±141.66

Electric Conductivity mhos/cm) 631 370 536 512.33±132.10

Sulphate (mg/l) 65 110 52 75.67±30.44

Phosphate (mg/l) 1.61 0.65 0.86 1.04±0.50

Alkalinity  (mg/l) 108 144 265 172.33±82.25

Chloride (mg/l) 30 9 26 21.67±11.25

Total Hardness (mg/l) 173 108 242 174.33±67.01

Nitrate(mg/l) 1.7 0.52 0.84 1.02±0.61

Dissolved Oxygen (mg/l) 4.7 3.2 4.7 3.70±0.87

BOD (mg/l) 37 48 32 39.00±8.19

COD (mg/l) 23 39 30 30.67±8.02

Copper (mg/l) 0.32 0.04 0.21 0.19±0.14

Chromium (mg/l) 3.6 0.26 1.9 1.92±1.67

Cadmium (mg/l) 0.41 0.06 0.23 0.23±0.18

Zinc (mg/l) 0.71 0.11 0.23 0.35±0.32

Lead (mg/l) 2.4 0.09 1.7 1.40±1.18

Mercury (mg/l) 0.17 0.05 0.11 0.11± 0.06

Electric Conductivity (EC)

The EC was observed with maximum 631 µmho/cm, 
minimum 370 µmho/cm and moderate 536 µmho/cm in summer, 
winter and monsoon seasons, respectively. The average value was 
recorded 512.33±132.10 µmho/cm. High EC values are indicating 
the presence of higher amount of dissolved inorganic substances 
in ionized form [32].

Sulphate (So4ˉ ˉ)

The So4 was observed in the year 2012-2013 at Kanpur 
from the Ganga river. The values were recorded minimum (52 

mg/l), maximum (110 mg/l) and moderate (65 mg/l) in winter, 
monsoon and summer seasons, respectively. According to [33], 
the maximum permissible and allowable concentration of 
Sulphate in drinking water is 200 to 400 mg/l but present study 
has lower than the permissible limit. Sulphate comes through 
fertilizers, they contributes to water pollution and increase 
sulphate concentration in water body. They also come from the 
runoff water, which contain relatively large quantities of organic 
minerals and sulphate compound. Sulphate is an abundant ion in 
the earth crust and its concentration in water can range from a 
few milligrams to several thousand milligrams per liter.
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Phosphate (Po4ˉ ˉ)

The average value of phosphate was observed 1.04±0.50 mg/l. 
The minimum and maximum values were recorded in winter and 
monsoon seasons, respectively (Table 1). Phosphorus is the most 
common nutrient; limiting the growth of phytoplankton in lentic 
fresh water system and concentration are often related to the 
productivity of aquatic system [34]. 

Alkalinity 

The framework of alkalinity was observed in the year 2012-
2013 with the minimum value108 mg/l, maximum 265 mg/l and 
moderate 144 mg/l in summer, winter and monsoon seasons, 
respectively. The variation of alkalinity was very high at Kanpur 
from the Ganga river. Praveen et al (2013) reported that alkalinity 
value was ranged from 12.7 to 245 mg/l at Kanpur which is higher 
than present findings. [30]reported alkalinity values varied from 
156 to 210 mg/l in summer season in the Yamuna river at Agra. 
Alkalinity is an important characteristic of nature and polluted 
water, in which measure of pH difference between their alkalinity 
and acidity.

Chloride (Cl)

The average value of chloride was estimated 21.67±11.25 
mg/l. The pattern flaws observed in the year 2012-2013, where 
the minimum value was recorded as 9 mg/l in monsoon season, 
moderate in winter season which was 26 mg/land maximum in 
summer season 30 mg/l.[35] reported that Cl value was ranged 
from 8-30 mg/l in years 2009 at Kanpur from the Ganga river. 
Reported Cl concentration varied from 180 to 218 mg/l in the 
Yamuna river at Agra [32].  

Total Hardness (TH)

The minimum value of total hardness was recorded as 108 
mg/l in monsoon season, moderate in summer season which was 
173 mg/land maximum in winter season 242 mg/l (Table 1). 
Trivedi, et al. [35] reported that TH was from 108 to 246 mg/l at 
Kanpur. Gupta et al (2013) reported TH values ranged from 252 
to 304 mg/l in the Yamuna River at Agra. The permissible limit of 
Hardness for water is 300 mg/l (ISI and ICMR). Generally dilution 
of hardness decreased with the advent of rain and increase with 
levels of water. Hardness in water is caused by dissolved calcium 
to lesser extent, magnesium, which is expressed as the equivalent 
quantity of calcium carbonate [33]. According to WHO guideline 
(1993) the maximum permissible limit of total hardness is 150-
500 mg/l in water.

Nitrate (No3ˉ ˉ )

The minimum value of nitrate was recorded 0.52 mg/l, 
maximum1.7 mg/l and moderate 0.84 mg/l in monsoon, summer 
and winter seasons, respectively. The main sources of nitrate and 
nitrite ions are nitrogen fertilizer in agriculture for the production 
of agricultural crops [36].

Dissolved oxygen (DO)

The average value of DO was observed 3.70±0.87 mg/l from 
the Ganga river at Kanpur, India. The pattern of DO was observed 

in the year 2012-2013, where the minimum value was recorded 
as 3.2 mg/l monsoon season, moderate in summer 4.7 mg/l and 
maximum in winter season 4.7 mg/l. The concentration of DO in 
the Ganga river at Kanpur is not suitable for Indian major carp (C. 
catla, L. rohita, C. mrigala) and L. calbasu. These fishes demands 
to higher concentration of DO. Present DO concentration is most 
suitable for C. carpio and O. niloticus. [30] Reported DO varied 
from 5.5 to 8.2 mg/l in summer from Yamuna river at Agra. 
According to USPH standard DO values vary from 4.0 to 6.0 mg/l. 
Value of DO increased in winter due to circulation of cold water as 
well as high solubility of oxygen at low temperature.

Biochemical Oxygen Demand (BOD)

The minimum value was recorded (32 mg/l) and maximum 
(48 mg/l) in winter and monsoon seasons, respectively (Table 
1).The BOD values are also not suitable for Indian major carp 
from the Ganga river at Kanpur. The higher values of BOD are 
not suitable for Indian major carp in breeding season (Mayank 
and Dwivedi 2016). The average value was projected 39.00±8.19 
mg/l.[37] reported BOD range was from 97±41 to 265±78 mg/l 
in the year 2005 at same site, [38]recorded minimum BOD 1.38 
mg/l during winter and maximum value 6.51 mg/l in monsoon 
season. [39] Reported 3.9 mg/l BOD at Ganga Kasi, and 2.1 mg/l 
at Lucknow in Gomti River. [40] Observed mean BOD value 2.8 ± 
0.4 in summer and 3.5 ± 0.4 mg/l in winter at Kanpur from the 
Ganga river.

Chemical Oxygen Demand (COD)

The pattern of COD were observed in the year 2012-2013, with 
the minimum value 23 mg/l, maximum39 mg/l and moderate 
30 mg/l in summer, monsoon and winter seasons, respectively 
(Table 1). The COD values indicated that the industrial effluents 
concentration is very high at Kanpur. The COD values are also not 
suitable for Indian major carp from the Ganga river at Kanpur. It 
is also harmful for indigenous fish species [41]. [42] Estimated 
mean value of COD was 520±180 mg/l at Varanasi.[39] reported 
22 mg/l at Ganga Kasi and 14 mg/l at Lucknow from the Gomti 
River. 

In general, C. carpio and O. niloticus have not any ecological 
standard from the lotic ecosystem [5, 43-45].Both species are 
commercially exploited from the Ganga basin [46] and highly 
utilize natural resources, threat biodiversity of fishes and 
damage indigenous fish stock [47-49]. But reproductive system 
and recruitment process are damaging by high concentration of 
metals in fish body [50-53].

Heavy metals analysis from Ganga river water at Kanpur, 
India

The Cr was the highest accumulated heavy metals from the 
Ganga river water at Kanpur, India. The lowest accumulations of 
all metals were recorded in monsoon season while maximum was 
recorded in summer season (Table 1). Permanent contaminants 
such as metals may be transferred to higher levels in the food 
chain through environmental expansion [54, 55].

According to [56] and [33] the maximum permissible limit 
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of Copper in water is 2 mg/l. According to BIS (2005) guidelines 
permissible limit of copper 1.5 mg/l. [31] mean value of Cr 
52.12± 15.52 mg/l in summer, 34.05 ±19.2 mg/l in monsoon 
and 45.5± 4 mg/l in winter seasons at Jajmau Kanpur which is 
higher than present work. [39] reported Cr value 0.63 mg/l at 
Ganga Kasi, and 0.15 mg/l at Lucknow in Gomti River. In present 
investigation, it was observed that the Cr value was below the 
permissible limit 0.05 mg/l set by [33] except Lucknow site and 
1.0 mg/l as per the USPH standards. [57] stated that the acute 
toxicity of Cr to invertebrates is highly variable, depending upon 
species. According to [56] and [33] the maximum permissible 
limit of Chromium is 0.05 mg/l in water.[57] recorded ranged Cd 
0.001 to 0.003 mg/l from the Ganga River at Kolkata. According to 
[33] the maximum permissible limit of Cd in water is 0.003 mg/l 
and according to EU (1998) guideline 0.005 mg/l. [58] reported 
ranged 0.042 to 0.111 mg/l in the Ganga River at Kolkata. [59] 
Analyzed Zn ranged between 1.05 to 3.31 mg/l from Sangam at 
Allahabad. According to [33] the maximum permissible limit of 
Zinc in water is 3 mg/l, and according to USEPA (2003) guideline 
5 mg/l. According to BIS (2005) guidelines permissible limit of 
Zinc 15 mg/l. According to [56] and [33] guideline, the maximum 
permissible limit of lead in water is 0.01 mg/l. According to 
BIS (2005) guidelines permissible limit of Lead 0.1 mg/l.[60] 
estimated Hg ranged 0.16 to 0.95 g/ml in Ganga river at Babugat 
(Calcutta).The average Hg content in water samples were found 
to vary in different range at for the different undertaken river 
from site to site. According to [33] the maximum permissible 
limit of Hg in water is 0.006 mg/l, and according to [56] guideline 

0.001 mg/l and USEPA (2003) MCLG 0.002, MCL/TT 0.002mg/l.

Both fishes living in this environmental condition and well 
survive with safely. The levels of heavy metals varied significantly 
among fish species and organs. As expected, muscles always 
possessed the lowest concentrations of all metals. Accumulation 
level of heavy metals in river water is higher but muscle (flesh) of 
C. carpio and O.niloticus safe for human consumption [61, 62]. Due 
to pollution in the Ganga river, large size indigenous fish species 
(e.g. Catlacatla, Labeo rohita, Cirrhinusmrigala and L. calbasu) 
stocks are shrinking. In this situation, large space is available 
to C. carpio and O.niloticus for feeding and breeding. Indigenous 
species, C. mrigala. calbasu, sperataaor, S. seenghala, Clupisoma 
garua, Baragiusbagarius and Wallagoattucreate problem to C. 
carpio and O.niloticus for feeding and breeding [63-67]. Hardy 
fishes are safe in the Ganga basin in natural ecosystem [68-70].

Sperataseenghala (15.76%) was dominated compared to 
Clupisoma garua (14.67%) and Eutropiichthysvacha (13.95%). 
Cyprinus carpio and Oreochromis niloticus also shared massive 
proportion from the Ganga river at Kanpur (Figure 1). These two 
exotic fishes indicated that the near future indigenous species 
suffering from food and space from the Ganga river at Kanpur, 
India. These fishes well stable at Allahabad from the Ganga river 
[71]. It may be concluded that the pollution level from the Ganga 
river is dangerous point, but survival and invader potential of C. 
carpio and O. niloticus dominant.  In other words, environmental 
condition of the Ganga river is very suitable for C. carpio and O. 
niloticus.

Figure 1: Relative abundance (%) of some commercially important fishes from the Ganga river at Kanpur (source: Dwivedi et al 2016)
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