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Abstract: 

This work intends to assess the variation of concentrations of heavy metals such as Al, Cr, Mn, Fe, As and Pb 

during summer, monsoon and winter seasons in river Godavari at Nanded city. The two sampling stations 

were so selected in such a way that one the river Godavari enters the Nanded city and the second where the 

river leaves the city, is a stretch of five kilometers where the river is stressed by the both urban and industrial 

activities of the city. The results have shown that there is a significant increase in metals specifically Al, Cr, 

Mn and Fe were added to the river from Nanded city. This seasonal assessment shows the variations in the 

metal concentrations and it relates to the volume of water available in the river. 
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Introduction 

The existence of life on earth depends on the 

existence of resources, their quantity and quality 

as well. Natural resources remain constant 

whereas the consumers increase exponentially. As 

a result, the consumption of resources followed by 

the production of waste and dumping of unwanted 

materials into nature itself also increases 

exponentially. Water is one of such resources. 

Water being a universal solvent dissolves many 

kinds of materials and transport them from one 

place to another within and outside the living 

system, this unique property of water is now 

becoming curse to life as water getting polluted 

(Hari Krishna et al., 2018). Among inland water 

bodies, river placed first with respect to the rate of 

pollution (Panda et al., 2006). Water pollution is 

one of the global challenges that the present 

generation must aim to improve water quality and 

reduce its adverse impact on ecosystem and 

human health (Camilo et al., 2021).Heavy metals 

are non-biodegradable; therefore, they tend to 

bioaccumulate, also their concentration magnify 

overtime in living organisms (Cabral Pinto et al., 

2017, Fu and Wang, 2011, Kumar et al., 2020a). 

As two-thirds of our planet Earth is covered with 

abundant water, our earth is called a 'blue planet'. 

The most ironic part of it is the scarcity of 

drinking water amidst plenty. In the last 2000 

years, the human population has grown 50 times 

whereas the quantity of water remained the same. 

The quality of water has been degrading day by 

day in the name of modern development in which, 

the need-based sustainable development has 

turned into greed-based exploitative development 

showing scant regard to ecology and environment. 

Intensive and extensive human activities in sectors 

like agriculture, aquaculture, industry and 

urbanization are responsible for making the water 

unfit for its designated uses. It also enhanced the 

variety of pollutants such as heavy metals in the 

environment especially rivers are becoming point 

sources of pollution.  

Metals such as Copper (Cu), Iron (Fe), Manganese 

(Mn), Nickel (Ni) and Zinc (Zn) are essential 

micronutrients for life processes in plants and 

microorganisms whereas many other metals viz., 

Cadmium (Cd), Chromium (Cr) and Lead (Pb) 

have no known physiological activity and they 

proved to be toxic beyond certain limits (Bruniset 

al., 2000). These are toxic because of their non-

biodegradable nature and accumulate in the 

different body parts (Arora et al., 2008). Pb inputs 

are the resultants of human activity (Clark, 2001). 

Metals that are commonly found in earth’s crust 

are also added to the surface waters as natural 

pollutants, they may be toxic or non-toxic. 

Attention should be paid on non-toxic metals too 

(Magdlenaet.al., 2021). As rivers play a major role 

in carrying municipal sewage and industrial 

effluents, this study intended to measure seasonal 

variations in the heavy metals loads upstream and 

downstream of river Godavari at Nanded City 

during May-2017, July-2017 and November-2017. 

 

Study Area 

River Godavari at Nanded city, the river originated 

from Bramhagiri mountains at the elevation of 

1,067 m in Trimabakeshwar, Nashik district, 

Maharashtra state and it flows towards south east. 

On the way to Nanded city, river Godavari 

receives water from its tributaries, river Pravara 

and river Purna. 

About 5Km of river passing through the Nanded 

city, where it is loaded with domestic contaminants 

as well as the effluents of several industries. Two 

samples were taken at the upstream where the river 

enters and other is at the downstream where the 

river leaves the Nanded city. The two sampling 

stations were noted as SS-1 and SS-2. SS-1 and 

SS-2 lies at 19o08’46.3”N; 77o18’26.3”E, Nanded 

upstream and 19o08’38.7”N; 77o20’11.9”E, 

Nanded downstream respectively.  

Sampling Station -1 (SS-1) is about 630 Km away 

from the river origin, the intention of taking 

sample here is to know the water quality after the 

river is stressed at the upstream and also before the 

river is stressed at the downstream by various 

anthropogenic and industrial activities of Nanded 

city.  

Sampling Station - 2 (SS-2) is about 5 Km away 

from the SS-1, in this stretch of 5 Km, the river is 

stressed by the urban sewage and industrial 

effluents of the Nanded city. By comparing the 

data obtained from the samples of this station with 

the data of SS-1 reveals the damage occurred to the 

quality of river water during the stretch of SS-1 

and SS-2.  

Collection and analysis of Samples 

Sampling was done on the same day between 11 

am and 12 pm at two sampling stations (SS-1 & 

SS-2) during summer, winter and monsoon 

seasons. Water samples were collected in two 

polythene containers; they were filtered and 

preserved with 6N nitric acid solution.   

Samples were analyzed for heavy metals with ICP-

MS (Inductively Coupled Plasma Mass 

Spectrometry). Standard method-1640 (USEPA, 

1997) was followed to determine the 

concentrations of heavy metals in water samples.  
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Results and discussion 

The results obtained from the samples taken in the 

month of May-2017, July-2017 and Nov-2017 are 

shown in tables 1-2 and figures 1-2 at the above 

said sampling stations. Tables 3-5 and figures 3-5, 

data reflecting the variations in concentration of 

metals from SS-1 to SS-2.  

 

Table 1: ICP-MS report of concentration of heavy metals in µg/L at SS-1. 
Heavy 

Metals 

Summer Monsoon Winter Standard Limits 

BIS WHO 

Al 176.557 174.231 166.433 30 30 

Cr 29.111 2.796 9.132 50 50 

Mn 1754.02 28.402 48.81 100 400 

Fe 2932.11 205.227 794.014 300 300 

As 4.227 0.687 0.471 10 10 

Pb 7.218 6.013 7.481 10 10 

Note: Parameters which exceed the standard values are highlighted with red colour.  

 

 
Fig. 1: Seasonal variations of heavy metal concentrations in µg/Lat SS-1 

 

It is evident from table 1, at SS-1, the 

concentrations of Aluminium (Al), Mn and Fe 

were above the acceptable limits prescribed by 

BIS. Al was recorded during all seasons. Mn was 

recorded during summer season. Fe was recorded 

during summer and winter seasons; it was below 

the standard limits during monsoon. Excess 

concentrations of Fe during summer and winter but 

not at during monsoon indicating that the rain 

water diluting the concentration of Fe load in the 

river. Kar et al.,(2008) also recorded higher 

concentrations of Fe during summer season in river 

Ganga in West Bengal. River Purna is one of the 

tributaries of river Godavari pouring its polluted 

water with high organic load (Jumleet al., 2005). 

Exceeding values of Pb were recorded by Ghordeet 

al., (2014) in river Godavari at this sampling 

station in the year 2010-’11. But, in this study Pb 

was well below the standard limits of BIS and 

WHO. 

 

 

Table 2: ICP-MS report of concentration of heavy metals in µg/L at SS-2. 
Heavy 

Metals 

Summer Monsoon Winter Standard Limits 

BIS WHO 

Al 16547.89 162.001 725.992 30 30 

Cr 62.403 2.556 16.75 50 50 

Mn 3522.02 23.248 74.92 100 400 

Fe 17848.9 427.548 2556.92 300 300 

As 9.74 0.478 0.801 10 10 

Pb 3.594 6.759 8.034 10 10 

Note: Parameters which exceed the standard values are highlighted with red colour. 
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Fig. 2: Seasonal variations of heavy metal concentrations in µg/Lat SS-2 

  

It is evident from table 2, at SS-2, the 

concentrations of Al, Cr, Mn and Fe were 

exceeded the acceptable limits as prescribed by 

BIS and WHO. The concentrations of Al and Fe 

were exceeded during all seasons, whereas Cr and 

Mn were exceeded during summer season. 

Macdonald and Chirstopher (2011)  

 

 

recorded exceeded values of Cr and Mn in surface 

waters of Warri river, Nigeria. Vinod et al., (2005) 

recorded higher values of Cr in the waters of river 

Gomti during summer than that of winter season,  

Mohiddin et al., (2011) also recorded higher values 

of Cr and Pb during summer season and lower 

values in winter season in Buriganga river, 

Bangladesh.  

 

Table 3: ICP-MS report of concentration of heavy metals in µg/L during summer. 

Heavy  

metals 

Summer Standard Limits 

SS-1 SS-2 BIS WHO 

Al 176.557 16547.89 30 30 

Cr 29.111 62.403 50 50 

Mn 1754.02 3522.02 100 400 

Fe 2932.11 17848.9 300 300 

As 4.227 9.74 10 10 

Pb 7.218 3.594 10 10 

Note: Parameters which exceed the standard values are  

highlighted with red colour. 

 

 
Fig. 3: Variation of heavy metal concentrations in µg/L at SS-1 and SS-2 during summer. 
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From table 3, exceeding values of Al raised to 93 

times from SS-1 to SS-2, whereas Mn and Fe are 

raised to 2 and 6 times respectively during 

summer. Nayan et al. (2019) recorded 80% of 

surface waters sources have higher Mn 

concentrations during dry season, in Jai-Bharali 

river basin, North Brahmaputra Plain. Shaikh 

(2009) were also recorded similar trends of Mn at 

these stations during in March-2008.  Deshmukh et 

al., (2007) recorded highest values of Fe in river 

Godavari at this station in May-1999, it was 6400 

µg/L, when it comes to May-2017, it was 17848 

µg/L and nearly it was raised by 2.7 times in 18 

years of time. Though Cr was below the standard 

limits at SS-1, it was exceeded when it comes to 

SS-2. The increment of concentrations of these 

metals from SS-1 to SS-2, significantly indicating 

that the contaminations added to the river Godavari 

are from the activities of Nanded city.  

 

 

Table 4: ICP-MS report of concentration heavy metalsin µg/L during monsoon. 

Heavy 

metals 

Monsoon Standard Limits 

SS-1 SS-2 BIS WHO 

Al 174.231 162.001 30 30 

Cr 2.796 2.556 50 50 

Mn 28.402 23.248 100 400 

Fe 205.227 427.548 300 300 

As 0.687 0.478 10 10 

Pb 6.013 6.759 10 10 

Note: Parameters which exceed the standard values are  

         highlighted with red colour. 

 

 
Fig. 4:Variation of heavy metal concentrations in µg/L at SS-1 and SS-2 during monsoon. 

 

From table 4, it is observed that there was a slight 

decrement in the concentration of Al from SS-1 to 

SS-2 during monsoon, but the concentration of Fe 

was doubled. And remaining metals are well below 

the standard limits.  

 

 

Table 5: ICP-MS report of concentrations heavy metalsin µg/Lduring winter. 

Heavy 

metals 

Winter Standard Limits 

SS-1 SS-2 BIS WHO 

Al 166.433 725.992 30 30 

Cr 9.132 16.75 50 50 

Mn 48.81 74.92 100 400 

Fe 794.014 2556.92 300 300 

As 0.471 0.801 10 10 

Pb 7.481 8.034 10 10 

Note: Parameters which exceed the standard values are  

         highlighted with red colour. 
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Fig. 5:Variation of heavy metal concentrations in µg/Lat SS-1 and SS-2 during winter. 

 

It is revealed from table 5, concentration of Al and 

Fe are raised to four times and three times 

respectively from SS-1 to SS-2 during winter 

season. Remaining metals are recorded below the 

standard limits.  

Conclusion 

The analysis of river Godavari water at Nanded 

city revealed that Al and Fe were found highest 

concentrations and were exceeded the standard 

limits. In surface waters the main sources of 

aluminum is leaching from soils (Gworek, 2006; 

Kubiak et al., 2013)  Though, Fe was within the 

standard limits during monsoon at SS-1, it 

exceeded when it goes to SS-2. This is clearly 

indicating that the Fe is loaded to the river from the 

Nanded city.  Also, it is evident that metals such as 

Al, Cr, Mn and Fe were significantly raised at SS-2 

from SS-1 during summer season. As inflow of 

water from the upstream to the Nanded city is 

controlled at Vishnupur dam, the volume of water 

in the river Godavari from SS-1 is very less. But 

the quantity of treated as well as untreated sewage 

and industrial effluents merging to the river 

remains same. In addition to this, the usage of 

ground water is high during summer, the metal 

contamination of ground water flows through the 

sewage also reflects in the river water. This 

cumulatively enhances the certain concentrations 

of metals in the river Godavari at SS-2 during 

summer. The same trend was observed during 

winter season but relatively less, when compared 

to summer season. Arsenic (As) and Pb were 

recorded below the prescribed standard limits 

during all seasons. This study of seasonal 

assessment of metal contaminations in river 

Godavari at Nanded city fetched the information 

that there is a contamination of Al, Cr, Mn and Fe 

between SS-1 and SS-2, show significant 

increment concentration when volume of water in 

the river is low i.e. during summer and winter. Due 

to more volume of water brought from the 

upstream as well as dilution effect by rain water, 

the same metal concentrations were decreased at 

both the sampling stations during monsoon season. 

Lower concentration of metals during monsoon 

were attributed to dilution effect and higher 

concentrations during summer were attributed to  

the increased ground water utilization for industrial 

and agricultural activities, and also to natural 

geological sources (Nayan et al., 2019). 
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