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ABSTRACT 

 Heavy metal pollution is one of the major problems of lakes and wetlands all over world. It is responsible for 

causing serious threats to flora and fauna especially humans. Kunthbyog is natural freshwater, mid altitude lake situated at 

Rewalsar town, Mandi district of Himachal Pradesh, India 1750 meter above mean sea level. Study was conducted in 

(2011-2012) to find out heavy metal contaminations and their seasonal variations in lake, if any. Water samples were 

analyzed for water quality appraisal of lake by inductively coupled plasma emission spectrophotometer (ICP-ES). During 

pre-monsoon and monsoon seasons Cd was beyond permissible limit (0.01 mg/l), whereas Pb, Zn, Mn, Cu, Fe, As and Ni 

were within safe limits prescribed by United states environmental protection agency (USEPA) and World health 

organization (WHO) for drinking water quality. In lake water concentrations of heavy metals irrespective of seasons, Fe > 

Zn > As were observed with similar trend, whereas concentrations were high especially in pre-monsoon compare to 

monsoon season. Trend of seasonal variations in heavy metal concentrations observed during pre-monsoon, monsoon 

seasons were Fe > Zn > As > Cu > Cd > Ni > Mn > Pb and Fe > Zn > As > Pb = Cd > Mn > Ni > Cu respectively. It 

reflected that anthropogenic activities linked with heavy metals contamination and water quality of lake. Public awareness 

regarding fresh water lake should be encouraged to revive its life.  
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INTRODUCTION  

 Anthropogenic activities disturbed the natural environment, particularly the aquatic ecosystem. Twelve trace 

elements (Al, Sb, As, Be, Cd, Cr, Cu, Pb, Mn, Hg, Ni and Se) have been recognized as hazardous pollutants by the 

(USEPA 2010)[1] and (Glanze 1996)[2]. Heavy metals, a highly polluting group of constituents known to exert adverse 

effects, tend to accumulate in living organisms (Singh et. al. 2011)[3]. Heavy metals are non-degradable and harmful to 

plants, aquatic organisms and human health at certain levels of exposure (Mustafa and Nilgun 2006)[4]. Heavy metals 

added to an aquatic system by natural and man-made sources during their transport are distributed between different 

compartments of aquatic ecosystems, such as water, sediment and biota (Moore and Ramamoorthy 1984) [5]. The toxic 

heavy metals entering the ecosystem may lead to geo-accumulation, bioaccumulation and biomagnifications (Lokeshwari 

and Chandrappa 2006)[6]. The aquatic environment has been a major concern since they constitute a potential risk to a 

number of flora and fauna species (Boran and Altinok 2010)[7]. Therefore, knowledge of extent of contamination, seasonal 

variations and distribution of heavy metals in various components of environment is a priority for environmental 

management programmes all over the world (Don-Pedro et. al. 2004)[8]. Lake Kuntbhyog is one of the national lakes of 

India. The lake is the main source of irrigation water supply, attracts a large number of tourists every year, controls the 
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local climate and is a good repository of aquatic biodiversity. The economy of this region is directly or indirectly 

dependent on this lake. However, due to unthoughtful and unplanned developmental activities of the catchment in the past 

the lake has undergone severe eutrophication. The objective of this study was to provide current status on the water quality 

with respect to heavy metal contamination and their seasonal variations if any. 

MATERIALS AND METHODS 

Study Site 

 Lake is situated at top hill of Rewalsar town 28 kilometers from Mandi district of H.P. (India), lies between 

31°37'30" N and 76°49'06" E at an altitude of 1750 m meters above sea level (Fig. 1). It is a natural water body, 

geologically oldest and supporting a diverse aquatic life. There are seven temporary and residential water bodies of varying 

size in this region. Heavy metal analysis of water samples was done from selected sites of the Kuntbhyog lake in the 

following steps: - 

Selection of Sites  

 Lake was hypothetically divided into two transects from north to south as well as east to west direction. Thus lake 

had four zones and further each zone was divided into three sampling stations. Thus lake had 12 water sampling points or 

locations (Fig. 2).  

Collection of Samples, Pre-Processing and Analysis 

 

Figure 1:  Study Site and Location of Kuntbhyog Lake 
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Figure 2: Satellite View of Kuntbhyog Lake and Different Numbers Showing Water Sampling Locations 

 Sampling was done once in pre-monsoon, monsoon in May-June 2011 and August-September 2011. The 

collection of water samples were done during evening hours (4 pm to 7 pm) (APHA 2011)[9].  For accurate estimation of 

heavy metals, 250 ml of surface water were collected in triplicate from each of the 12 sampling locations in the colored, 

sterilized bottles and preserved with adding 1.0 ml concentrated HNO3.  

 Suspended particulate matter was separated by filtering water samples through 0.45µm whatman filters. Water 

samples were collected from surface zone from depth of 0.5 meter. Pre-monsoon season was the most dry and warm 

period, where as monsoon season received heavy rainfall and most wet period throughout the study period. Samples bottles 

were immediately transferred to the laboratory for the estimation of various heavy metals content in lake water. In 

laboratory 100 ml of water samples were taken and digested using HNO3 and HClO4 in a 5:1 ratio until the white fumes 

appeared, the water digests were filtered and diluted to 10 ml with 0.1 N HNO3 solution (Singh et. al. 2011)[3]. The filtrate 

of digested water then analysed by inductively coupled plasma emission spectrophotometer for Pb, Zn, Mn, Cu, Fe, Cd, As 

and Ni. 

Data Presentation and Statistical Analysis 

 In order to express the seasonal variation of certain heavy metals in Kuntbhyog Lake water, samples were 

analysed in triplicate, using statistical program SPSS 16.0 to calculate descriptive measures of data. Means, standard 

deviations (SD) and standard errors (SE) were computed from these replicates. 

 Further, data of six months and directions of sampling were averaged to represent the values of various 

parameters for the whole lake. 
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RESULTS AND DISCUSSIONS 

 Results of heavy metal estimation in water samples during pre-monsoon and monsoon seasons at selected 

sampling sites of Kuntbhyog Lake are presented in Table 1 and Table 2 respectively and graphically represented in Figure: 

3-10. 

Lead (Pb) 

 Lead metal ranged from 0.002 mg/l to 0.009 mg/l in pre-monsoon, 0.002 mg/l to 0.045 mg/l in monsoon season 

(Fig. 3) with seasonal mean values of (0.006 ± 0.001) mg/l and (0.013± 0.005) mg/l respectively (Table. 1 and 2). The pre-

monsoon seasonal average of lead content in water samples of lake was found to be below permissible limits set by (WHO 

2010)[10] and (USEPA 2010)[1] for drinking water whereas also below the surface water permissible limits set by (CPCB 

2010)[11] as well. The high levels of Pb in water can be attributed to industrial and agricultural discharge (Mason 2002)[12]. 

It might be also due to heavily traveled roads that run along the lake and agricultural runoff which contain fertilizers and 

pesticides. 

 

Figure 3: Seasonal Variations of Lead in Lake Water During 2011 

Zinc (Zn) 

 Zinc concentration varied from 0.023 mg/l to 0.099 mg/l in pre-monsoon, 0.040 mg/l to 0.092 mg/l in monsoon 

season (Fig. 4). Seasonal mean value for zinc was (0.070±0.007) mg/l in pre-monsoon and (0.057±0.004) mg/l in monsoon 

season (Table. 1 and 2). Zinc is an essential micronutrient for plants but its high concentration in water bodies may be 

phototoxic to aquatic flora and fauna reported by (Muvanga and Barifaijo 2006)[13] and (Asonye et. al. 2007)[14]. Zinc 

concentration was much below permissible limits prescribed by (WHO 2010)[10] (USEPA 2010)[1] and (CPCB 2010)[11] for 

drinking and surface water respectively. 
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Figure 4: Seasonal Variations of Zinc in Lake Water During 2011 

Manganese (Mn) 

 As far as manganese was concerned, its range of concentration varied from 0.010 mg/l to 0.020 mg/l with 

seasonal average value of (0.012±0.001) mg/l during pre-monsoon and from 0.010 mg/l to 0.015 mg/l with seasonal mean 

value (0.011±0.001) mg/l during monsoon period (Fig. 5) (Table. 1 and 2). The pre-monsoon, monsoon averages of Mn 

content in water samples of lake were below permissible limits given by (WHO 2010)[10], (USEPA 2010)[1] for drinking 

water and (CPCB 2010)[11] for surface water. 

 

Figure 5: Seasonal Variations of Manganese in Lake Water During 2011 

Copper (Cu) 

 Data presented (Table. 1 and 2) further showed that, the ranges of copper were 0.022 mg/l to 0.040 mg/l in pre-

monsoon season, below detectable level (BDL) to 0.009 mg/l in monsoon season with mean values (0.031±0.002) mg/l and 

(0.002±0.001) mg/l respectively (Fig. 6). Seasonal mean values of Cu were below permissible limits of (CPCB 2010)[11] 

for surface water, (WHO 2010)[10] and (USEPA 2010)[1] for drinking water quality standards. Cu is highly toxic to most 

fishes, invertebrates and aquatic plants than any other heavy metal except mercury. It reduces growth and rate of 

reproduction in plants and animals. The chronic level of Cu is 0.02-0.2 mg/l reported by (Moore and Ramamoorty 1984)[5] 

and (Singare et. al. 2010)[16]. 
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Figure 6: Seasonal Variations of Copper in Lake Water During 2011 

Iron (Fe) 

 In aquatic environment, iron is one of the bio-chemically active transition metals. The seasonal mean values of Fe 

were (1.526±0.057) mg/l, (0.060±0.002) mg/l recorded during pre-monsoon and monsoon season respectively (Table. 1 

and 2). Range of Fe was 1.190 mg/l to 1.880 mg/l in pre-monsoon and 0.045 mg/l to 0.069 mg/l in monsoon season 

(Fig.7). Mean values of pre-monsoon seasons were beyond permissible limits set by (CPCB 2010)[11] for surface water. 

Iron in water may be present in varying quantities depending upon the geology of the area and other chemical components 

of the waterways. Ferrous and ferric ions are the primary forms of concern in aquatic environment (Ramachandra and 

Ahalya 2001)[17].   

 

Figure 7: Seasonal Variations of Iron in Lake Water During 2011 

Cadmium (Cd) 

 The higher concentration of cadmium is extremely toxic to fish population. Its effects on growth rate have been 

observed even for concentrations between 0.005 mg/l and 0.01 mg/l (Green et al. 1986)[18]. Overall mean values of 

cadmium were observed (0.021±0.004) mg/l, (0.013±0.002) mg/l during pre-monsoon and monsoon seasons subsequently. 

These values were found to be well above permissible limits given by (WHO 2010)[10], (USEPA 2010)[1] for drinking 

water. Range of cadmium varied from BDL to 0.054 mg/l in pre-monsoon and BDL to 0.021 mg/l in monsoon season 

(Fig.8). The higher levels of cadmium obtained in water samples of Kuntbhyog lake might be due to contribution from 

agricultural runoff, indiscriminate use of chemical pesticides, insecticides, fertilizers and from other non point sources. 

(Hutton et. al. 1987)[19], reported that besides natural sources, other some probable sources of this metal in surface water 
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include leaching from Ni-Cd based batteries and runoff from agricultural soils. Findings of present study were in line with 

results of (Stoeppler 1991)[20], who reported that use of phosphate fertilizers could be a source of cadmium metal in water. 

 

Figure: 8. Seasonal Variations of Cadmium in Lake Water During 2011 

Arsenic (As) 

 Scrutiny of data (Table. 1 and 2) further showed that, As ranged from BDL to 0.120 mg/l, 0.010 mg/l to 0.1 mg/l 

in pre-monsoon and monsoon season respectively (Fig. 9). Seasonal mean value (0.039±0.012) mg/l was recorded in lake 

water during pre-monsoon and (0.051±0.01) mg/l during monsoon season.  

 

Figure 9: Seasonal Variations of Arsenic in Lake Water During 2011 

 Mean value of pre-monsoon season was well below permissible limits set by (USEPA 2010)[1] for drinking water 

quality. Results were confirming views of (Maest et. al. 1992)[21] who has been studied that arsenic occurs naturally or 

possibly aggravated by over powering aquifers by phosphorus from different type of chemical fertilizers, industrial and 

sewage effluents.  

Nickel (Ni) 

 On the other hand nickel ranged from 0.010 mg/l to 0.020 mg/l in pre-monsoon, 0.010 mg/l to 0.010 mg/l in 

monsoon season (Table. 1 and 2) with seasonal mean values of (0.016 ± 0.001) mg/l and (0.010± 0.0) mg/l respectively 

(Fig. 10). When compared with surface water quality standards of (CPCB 2010)[11], seasonal mean values were below 
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permissible limit and also below the limits of drinking water quality standards given by (WHO 2010)[10]. (Green et al. 

1986)[18] reported that concentration of nickel in Vanada Lake water results from industrial and urban activities and may 

accumulate in many types of fishes. The water runoff may carry higher concentrations of these metals, which arise from 

anthropogenic activities such as industrial and municipal waste water and use of chemical fertilizers and pesticides in 

agriculture reported by (Zacharies et. al. 2002[22], Rajmohan and Elango, 2005[23]). 

 

Figure 10: Seasonal Variations of Nickel in Lake Water During 2011 

CONCLUSIONS 

 During pre-monsoon and monsoon seasons Cd was beyond permissible limit (0.01 mg/l), whereas Pb, Zn, Mn, 

Cu, Fe, As and Ni were within safe limits prescribed by (USEPA 2010)[1], (WHO 2010)[10]. for drinking water quality. In 

lake water concentrations of heavy metals irrespective of seasons, Fe > Zn > As were observed with similar trend, whereas 

concentrations were high especially in pre-monsoon compare to monsoon season. Trend of seasonal variations in heavy 

metal concentrations observed during pre-monsoon, monsoon seasons were Fe > Zn > As > Cu > Cd > Ni > Mn > Pb and 

Fe > Zn > As > Pb = Cd > Mn > Ni > Cu respectively. It reflected that anthropogenic activities linked with heavy  

Table 1: Variations of Heavy Metal Concentration During Pre-Monsoon Season 2011 

Locations 
Heavy Metals (mg/L) 

Pb Zn Mn Cu Fe Cd As Ni 

1. 0.005 0.081 0.010 0.036 1.55 0.021 0.01 0.01 
2. 0.007 0.032 0.015 0.029 1.21 0.031 0.00 0.02 
3. 0.006 0.087 0.010 0.031 1.74 0.021 0.04 0.02 
4. 0.006 0.097 0.020 0.022 1.55 0.010 0.100 0.01 
5. 0.005 0.099 0.010 0.035 1.62 0.010 0.09 0.01 
6. 0.008 0.059 0.015 0.024 1.54 0.021 BDL 0.01 
7. 0.003 0.023 0.010 0.023 1.56 0.025 0.03 0.02 
8. 0.005 0.064 0.010 0.032 1.40 0.021 0.01 0.02 
9. 0.009 0.077 0.010 0.029 1.63 BDL 0.01 0.01 
10. 0.007 0.082 0.010 0.037 1.44 0.024 0.12 0.02 
11. 0.002 0.064 0.010 0.028 1.88 0.054 0.02 0.02 
12. 0.005 0.074 0.015 0.040 1.19 0.013 0.04 0.02 
Mean 0.006 0.070 0.012 0.031 1.526 0.021 0.039 0.016 

Range 
0.002 - 
0.009 

0.023   -   
0.099 

0.010   -   
0.020 

0.022   -   
0.040 

1.190   -   
1.880 

BDL         
-   0.054 

BDL         
-   0.120 

0.010   -   
0.020 

SD± 0.002 0.023 0.003 0.006 0.198 0.013 0.041 0.005 
SE± 0.001 0.007 0.001 0.002 0.057 0.004 0.012 0.001 
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CPCB* 0.1 5 2 3 1 2 0.2 2 
USEPA* 0.05 5 0.05 1.3 NA 0.01 0.1 NA 
WHO* 0.05 5 0.05 0.05 NA 0.01 NA 0.2 

 *Water quality standards (permissible limits), SE-standard deviation, SE- standard error, BDL- Below detectable 

limit, NA- not available. 

Table 2: Variations of heavy metal concentration during monsoon season during 2011 

 
Locations 

Heavy metals (mg/L) 

 Pb Zn Mn Cu Fe Cd As Ni 

1. 0.045 0.056 0.010 0.001 0.05 0.0200 0.09 0.01 
2. 0.004 0.062 0.010 0.000 0.05 0.0210 0.10 0.01 
3. 0.007 0.040 0.015 0.001 0.06 0.0100 0.10 0.01 
4. 0.004 0.050 0.010 0.007 0.07 0.0100 0.04 0.01 
5. 0.040 0.051 0.015 BDL 0.07 0.0200 0.07 0.01 
6. 0.004 0.063 0.010 0.001 0.06 0.0120 0.08 0.01 
7. 0.003 0.092 0.010 0.002 0.07 0.0210 0.01 0.01 
8. 0.006 0.061 0.010 0.000 0.07 0.0000 0.02 0.01 
9. 0.035 0.053 0.010 0.000 0.05 0.0100 0.05 0.01 
10. 0.003 0.067 0.010 0.001 0.05 0.0100 0.02 0.01 
11. 0.002 0.047 0.010 0.004 0.07 0.0210 0.02 0.01 
12. 0.002 0.040 0.010 0.009 0.07 BDL 0.01 0.01 
Mean 0.013 0.057 0.011 0.002 0.060 0.013 0.051 0.010 

Range 
0.002 

- 
0.045 

0.040 
- 

0.092 

0.010 
- 

0.015 

BDL 
- 

0.009 

0.045 
- 

0.069 

BDL 
- 

0.021 

0.010 
- 

0.100 

0.010 
- 

0.010 
SD± 0.017 0.014 0.001 0.002 0.009 0.007 0.035 0 
SE± 0.005 0.004 0.001 0.001 0.002 0.002 0.01 0 
CPCB* 0.1 5 2 3 1 2 0.2 2 
USEPA* 0.05 5 0.05 1.3 NA 0.01 0.1 NA 
WHO* 0.05 5 0.05 0.05 NA 0.01 NA 0.2 

 *Water quality standards (permissible limits), SE-standard deviation, SE- standard error, BDL- Below detectable 

limit, NA- not available. 

 Metals contamination and water quality of lake. Public awareness regarding lake should be encouraged to revive 

its life.  Data obtained in this study can be used as a baseline & reference point, when assessing further anthropogenic 

changes in this lake. Regular bio-monitoring of the water quality is thus required to assess the heavy metal contents in 

water, so that remedial measures can be adopted to save the lake from heavy metal pollution.  
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