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Abstract: The pollution of the aquatic environment 
with heavy metals has become a worldwide problem 
during recent years, because they are indestructible 
and most of them have toxic effects on organisms. 
Food chain contamination by heavy metals has 
become a burning issue in recent years because of 
their potential accumulation in bio-system through 
contaminated water, soil, sediment and air.  Hence in 
the present investigation, efforts are made to quantify 
the accumulation of toxic heavy metals in various 
lakes (Ambazari, Futala and Gandhisagar lake) in 
Nagpur city, Maharashtra, India.  Water samples were 
collected at morning hours during pre immersion, 
immersion and post immersion periods.  The 
immersion of idol of Lord Ganesh, Lord Viswakarma 
and Goddess Durga during month of August to 
October is  
a major source of contamination and sedimentation to 
the studied lakes in Nagpur city.  The idols are been 
made up of clay, plaster of paris, cloth, paper wood, 
thermocol, jute, adhesive materials and synthetic 
paints. Out of all materials use  in making idols, 
thermocol is non-biodegradable  while paints contain 
heavy metals such as chromium, lead, cadmium and 
mercury.  The findings of the increase heavy metal 
concentration after immersion may magnify in their 
concentrations at different tropic levels by food chain.  
On the basis of changes it is concluded that the level 
of water pollution increases in lakes due to religious 
activities and cause adverse effect to the aquatic life 
or entire aquatic ecosystem.  The average level of 
metals in all studies lakes followed order Zn>Fe> 
Pb>Mn> Cu>Cd.It is observed that values of heavy 
metals significantally  increased during immersion 
period and then declined in post immersion period , 
however, the general trend observed was : immersion 
> post-immersion > pre-immersion period.  No one 
can change or stop these religious activities but 
awareness among the people and society can reduce 
the pollution. 
 
Keywords: Physicochemical analysis, WQI, lake, 
water pollution, festivals, surface water. 
 
I. Introduction 
The problem of environmental pollution due to toxic 
metal has begun to cause concern now in most major 
metropolitan cities. The toxic heavy metals entering 
the  
 

ecosystem may lead to geo-accumulation, 
bioaccumulation and bio-magnification. [1] Food 
chain contamination by heavy metals has become a 
burning issue in recent years because of their 
potential accumulation in biosystems through 
contaminated water, soil and air. [2-7] Therefore, a 
better understanding of heavy metal sources, their 
accumulation in the soil and the effect of their 
presence in water and soil on plant systems seem to 
be particularly important issues of present-day 
research on risk assessments. The main sources of 
heavy metals to vegetable crops are their growth 
media (soil, air, water, nutrient solutions) from which 
these are taken up by the roots or foliage. In aquatic 
systems, heavy metals have received considerable 
attention due to their toxicity and accumulation in 
biota [8] Metal generally enter the aquatic 
environment through atmospheric deposition, erosion 
of the geological matrix, or due to anthropogenic 
activities caused by industrial effluents, domestic 
sewage, and mining wastes. [9-10] Some of these 
metals, such as Cd and Pb, are toxic to living 
organisms even at quite low concentrations, whereas 
others, such as Zn and Cu, are biologically essential 
and natural constituents of aquatic ecosystems, and 
generally only become toxic at very high 
concentrations. The current study was conducted to 
show freshwater lakes as models to find out the 
contamination of chemical pollutants contributed 
through idol immersion activities. Immersed non-
degradable materials contaminate the lake water and 
bio-accumulate the heavy metals in the biological 
system, transfer the toxic elements from primary 
producers to consumers to have an influence on 
human health.  
 
II. Study area 
The study was conducted in three lakes of Nagpur 
city: Futala, Gandhisagar and Ambazari lake (Figure 
1,2,3). Futala lake is situated at latitude of 
21'09’11.74" N and longitude 79'02'32.77" E. The 
catchment area of the lake is 0.40 sq. Kms. 
Gandhisagar lake is situated at latitude of 21'8'44.82" 
N and longitude 79'5'59.50" E. The catchment area of 
Gandhisagar lake is 0.181 Sq. Kms. The Ambazari 
lake lies at latitude. 20'35'21.44" N and longitude. 
78'15'79.40" E. It is the largest lake in the city and 
catchment area is 1.185 Sq. Kms. Futala lakes 
practices for irrigation and commercialized fishing, 
whereas Ambazari lake used for industrial purposes. 
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III. Problem on hand  
The pollution of the aquatic environment with heavy 
metals has become a worldwide problem during 
recent years, because they are indestructible and most 
of them have toxic effects on organisms. The term 
"heavy metals" refers to any metallic element that has 
a relatively high density and applies to the group of 
metals and metalloids with atomic density greater 
than 4 g.cm-3. Heavy metals are well known to be 
toxic to most organisms when present in high 
concentration in the environment [11] In the last 
decades, human activities have continuously 
increased the levels of heavy metals circulating in the 
environment. Anthropogenic activities such as 
agriculture, industry and urban life increase content of 
these elements in soils and waters [12]. Many of these 
metals tend to remain in the ecosystem and eventually 
move from one compartment to the other within the 
food chain [12]. Food chain contamination by heavy 
metals has become a burning issue in recent years 
because of their potential accumulation in biosystems 
through contaminated water, soil, sediment and air 
.Heavy metals, diluted in water, are usually in ionic or 
colloidal form. They are partly in by water organisms 
into their cells and tissues and partly absorbed by 
inorganic particles in suspension Organic matter, 
released into water after the decay of bacteria, plants 
and animals containing a certain amount of heavy 
metals absorbed earlier can additionally absorb more 
metals from the water. With time organic and 
inorganic suspension falls down forming bottom 
sediments. Hence in the present investigation, efforts 
are made to quantify the accumulation of toxic heavy 
metals in lake water.  
 

 
( Fig-1 Satellite image of Gandhisagar lake ) 
 

 
( Fig-2 Satellite image of Futala lake ) 

 
( Fig-3 Satellite image of Ambazari lake) 

IV. Materials and methods 
 For the determination of heavy metals in the 
lake water, 250 ml of surface water were collected in 
triplicate from each of the five sites in the colored, 
sterilized bottle and preserved with adding 1.0 ml 
concentrated HNO3. Suspended particulate matter 
was separated by filtering water samples through 
0.45-µm Whatman GF/C filters.  Sampling  was 
usually done in the morning hours.  Sample bottles 
were acid washed a day before sampling day in 1-2% 
HNO3 solution, rinsed in distilled water and then 
dried in drying oven. [10] During every sampling, 
total five samples of water were collected manually 
on a rowing boat by submerging pre-cleaned 
polyethylene (PE) bottles approximately 50 cm 
beneath the water surface and 8-9 feet deep from the 
bank of the lake by holding the bottles upward.  
Sample bottles were immediately transferred to the 
laboratories for the estimation of various heavy 
metals content in lake water. 
V. Chemical Analysis for Heavy Metals Content 
 For analyzing the heavy metal content of 
water, 100 ml of water samples were taken and 
digested using HNO3 and HClO4 in a 5:1 ratio until 
the white fumes appears, the water digests were 
filtered and diluted to 10 ml with 0.1N HNO3 solution 
[10].  The filtrate of water was then assessed by AAS 
(Elico SL-194) for Cd, Pb, Cu, Fe, Mn and Zn. The 
AAS value of blank (without sample) of each metal 
was deducted from the sample value for final 
calculations. 
VI. Quality Assurance and quality control 
 Appropriate quality assurance procedures 
and precautions were carried out to ensure reliability 
of the results.  Double distilled water was used 
throughout the study period.  Glassware was properly 
cleaned, and the reagents used were of analytical 
grade.  Reagents blank determinations were used to 
correct the instrument readings. 
VII. Result and discussion  
The levels of occurrence of six different metals have 
been evaluated in three lakes of Nagpur city , namely, 
Ambazari, Futala and Gandhisagar lake presented in 
table 1, 2 and 3. Data was collected in the pre-
immersion, immersion and post- immersion period 
and it was found that most heavy metals occurred in 
immersion period. The present study revealed that 
Zinc (Zn) was the most abundant metal in all lakes, 
though it is within the permissible limit of surface 
water standards. Iron (Fe) and Manganese (Mn) were 
the next most abundant metals. In most cases the data 
during immersion period was found to be more than 
the pre-immersion  concentration. The average level 
of metals studied in the pre-monsoon season followed 
the order Zn> Fe>Mn> Pb>Cu> Cd  while in the 
post- immersion  it followed the order as 
Zn>Mn>Fe>Cd>Pb>Cu. Based on the results, Futala 
and Gandhisagar lakes were found to be most affected 
by heavy metal pollution during immersion period 
due to religious activities. The fresh water bodies all 



International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009 Special Issue-1, June-2015 

Assessment Of Heavy Metal Contents In Surface Water-Bodies (Lakes) 
 

23 

over the world are becoming increasingly polluted 
day by day and this represents a growing problem in 
the developing world and beyond. [13,14,15] The 
regular monitoring is crucial for the well-being and 
health of the surrounding population and as such, the 
present work has carried out a systematic study to 
estimate the level of toxic heavy metal content in 
lakes of Nagpur city. The  present study 
measurements suggest that the presence of heavy 
metals such as iron, copper, nickel and zinc, which 
are essential for life at trace levels are well above 
permissible concentrations making them a significant 
threat to ecosystems and a problem for those who rely 
on the lakes for drinking water or crop irrigation. Zn 
has a multitude of biological functions in the human 
body. It is an important constituent of over 100 
enzymes involved in a variety of fundamental 
metabolic processes. It is involved in .the production 
and function of several hormones. Excessive intake of 
Zn causes abdominal pain, violent vomiting, collapse, 
and degenerative changes in the liver. Cu is probably 
a functional constituent of all cells. Toxicity can 
result from excessive intake, which results in 
gastrointestinal disturbance, headache, cirrhosis, 
necrosis, and liver failure. Cd is considered the most 
toxic element to human life. It causes itai-itai, a bone 
disease similar to rickets, and cardiac enlargement, 
anemia, gonadal atrophy, kidney failure, and 
pulmonary emphysema. Pb is toxic and a major 
hazard to man and animal. Pollution of water bodies 
could occur due to run-offs flowing through 
agricultural areas where fertilizers and pesticides may 
have been applied and catchment settlements where 
there may have been indiscriminate waste disposals. 
[16]Water, sediments and the biota are generally 
metal reservoirs In aquatic environment and may 
assume several orders of magnitude greater than the 
amount found in water. [17] It is known that heavy 
metals are the most important form of pollution and 
they may accumulate in the tissues of fish which are 
often at the top of aquatic food chain. Sediments may 
concentrate large amounts of metals from water, 
making fish which are at bottom dwelling to pick up 
these metals from the sediment which might be toxic 
for human consumption. [18] Heavy metals are also 
widely used in household appliances, paints, 
photographic paper, photo chemicals etc., Pollution of 
ground water and surface water systems through 
anthropogenic activities is the major environmental 
problem faced all around the globe. [19] Wastewater 
from urban area is being used profitably to irrigate 
crops in the vicinity of cities from the time unknown. 
Wastewater is still considered rich in plant nutrients 
and organic matter. However, the situation is changed 
now because, in many cities and towns the 
wastewater is sold for secondary use and it is a good 
source of income to municipalities. Heavy metal is 
present in diminutive quantities in the water and is 
further added due to soil erosion and leaching of 
minerals. Heavy metals like Mn, Fe, Cu, Zn and Cr 

are essential for the growth of organisms, while Pb, 
Cd, Hg and Cu are not biologically essential, but 
definitely toxic. Even the' essential heavy metals may 
be beyond optimum threshold levels, hazardous and 
toxic. After entering the water, metals may 
precipitate, gets adsorbed on solid surface, remain 
suspended in water or taken up by fauna. The heavy 
metals like Pb, Cu, Zn and Cd are generally found in 
wastewater. Copper is one of several heavy metals 
that are essential to life despite being inherently toxic 
as non-essential heavy metals exemplified by Pb and 
Hg. Plants and animals rapidly accumulate it. It is 
toxic at very low concentration in water and is known 
to cause brain damage in mammals. The study 
indicated that the water from the Ambazari, Futala 
and Gandhisagar lake is not suitable for drinking 
purpose. The concentration of Zn for irrigation and 
live stock watering are 1.0 mg/L and 0 to 20 mg/L 
respectively. High concentration of Zn in water is 
unsuitable for the sustenance of the aquatic life, but 
could be utilized for irrigation and live stock 
watering. Although Zn has been found to have low 
toxicity to human, prolonged consumption of large 
doses can result in some health complications such as 
fatigue, dizziness and neutropenia.  

 
Table 1: Heavy metal content in Futala lake 

during  pre- immersion , immersion and  post- 
immersion period. 

 
Period  Futala lake 

Pb Cd Mn Fe Cu 
Pre-
immersion 

0.082 0.026 0.062 0.13 0.51 

immersion 0.012 0.058 0.088 0.28 0.82 

Post-
immersion 

0.098 0.052 0.094 0.31 0.76 

Permissible 
limit  (BIS) 

0.05 0.01 0.1 1.0 1.5 

All values are expressed in mg/L 
 
Graph 1: Heavy Metal content in Futala lake during  
pre- immersion , immersion, post- immersion period. 
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Table 2: Heavy Metal content in Ambazari lake 
during  pre- immersion , immersion and post- 

immersion period. 
Period  Futala lake 

Pb Cd Mn Fe Cu 
Pre-
immersio
n 

0.048 0.022 0.052 0.36 0.36 

immersio
n 

0.082 0.056 0.082 0.98 0.88 

Post-
immersio
n 

0.076 0.044 0.066 0.12 0.66 

Permissi
ble limit  
(BIS) 

0.05 0.01 0.1 1.0 1.5 

All values are expressed in mg/L 
 
Graph 2: Heavy Metal content in Ambazari lake 
during  pre- immersion , immersion, post- immersion 
period. 

 
Table 3: Heavy Metal content in Gandhisagar lake 

during pre- immersion, immersion and  post- 
immersion period. 

Period  Gandhisagar lake 
Pb Cd Mn Fe Cu 

Pre- 
immersion 

0.084 0.032 0.078 0.221 0.44 

immersion 0.123 0.084 0.084 0.246 0.62 
Post- 
immersion  

0.115 0.068 0.098 0.412 0.82 

Permissibl
e limit 
(BIS) 

0.05 0.01 0.1 1.0 1.5 

All values are expressed in mg/L 
 
Graph 3 : Heavy Metal content in Gandhisagar lake 
during  pre- immersion , immersion, post- immersion 
period. 

 
 
Water, samples collected- from Ambazari, Futala and 
Gandhisagar lake were analyzed for the trace metals 
Cd, Pb, Zn, Cu, Mn and Fe. High levels of Cd (0.084 
± 0.003 mg/L) and Pb (0.11 ± 0.001 mg/L) were 
recorded, which may be detrimental to the health of 
the aquatic ecosystem and indirectly to human since 
the Futala lake water is used to irrigate farmland. The 
chronic effect of Pb on human includes neurological 
disorders especially in the fetus and in children. This 
can lead to behavioral changes and impaired 
performance in IQ tests. High level of  metal 
concentration, Cd, Pb, Zn and Cu were observed, 
which may affect the health of the aquatic ecosystem. 
The effect of Cd toxicity in human includes kidney 
damage, mutagenic, carcinogenic and terotogenic 
effects. The metal concentration of the samples was 
high during immersion period. Organic matter 
normally present in sediment of water is favorable 
binding site for heavy metals and humic substance. 
The organic matter plays a vital role in the sorption of 
metals on water sediments due to the presence of 
charge surfaces.  A marginal difference in 
concentration is found for Cu and Fe between 
immersion and pre-immersion period in all studied 
lakes. Zn showed less seasonal variation. Higher 
concentration of Fe, Cr and Pb during the rainy 
season (immersion period) is probably due to rainfall 
and run-off which cause erosion, thereby introducing 
into the studied lake soil and silt. The problem is 
further complicated due to overuse of water for 
washing activities, irrigation, flushing away wastes 
and dumping of garbage. etc. In fact, since centuries 
rivers and lakes have been used as dumping grounds 
for human sewage and industrial wastes of every 
conceivable kind. Many of them are highly toxic. 
Added to this are the materials leached and 
transported from land by water percolating through 
the soil and running off its surface to aquatic 
ecosystem's. 
The concentrations of heavy metals in Futala lake 
water samples varied from 0.082 to 0.098mg/L  (Pb); 
0.026 to 0.058mg/L  (Cd); 0.062 to 0.094 mg/L  
(Mn); 0.13to 0.31 mg/L  (Fe) ;0.51 to 0.82 mg/L  
(Cu) and; 0.18 to 0.72 mg/L  (Zn) before and after 



International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009 Special Issue-1, June-2015 

Assessment Of Heavy Metal Contents In Surface Water-Bodies (Lakes) 
 

25 

idol immersion respectively. The concentrations of 
heavy metals in Ambazari lake water samples varied 
from 0.048 to 0.082mg/L  (Pb); 0.022 to 0.056mg/L  
(Cd); 0.052 to 0.082 mg/L  (Mn); 0.124 to 0.982 
mg/L  (Fe) ;0.365 to 0.884 mg/L  (Cu) and; 0.34 to 
0.78 mg/L  (Zn) before and after idol immersion 
respectively. The concentrations of heavy metals in 
Gandhisagar lake water samples varied from 0.084 to 
0.123mg/L  (Pb); 0.032 to 0.084mg/L  (Cd); 0.078 to 
0.098 mg/L  (Mn); 0.221 to 0.412 mg/L  (Fe) ;0.446 
to 0.824 mg/L  (Cu) and; 0.64 to 0.92 mg/L  (Zn) 
before and after idol immersion respectively.  
Concentrations of metals such as lead, cadmium, 
copper, iron and manganese had increased noticeably 
after idol immersion into three lake water samples. 
This is due the chemical paints used on these idols 
which contains heavy metals such as lead, cadmium, 
copper, iron, manganese, mercury, zinc and various 
organic and inorganic matter, leading to alteration in 
water quality. The possible source of increasing lead 
metal in lakes results from the immersion of idols, 
domestic sewage and effluent discharge from waste 
disposal. Levels of cadmium in water samples were 
found alarmingly above permissible limits of BIS 
after idol immersion in all  studied lakes. Cadmium is 
a non-essential metal but toxic even when present in 
very low concentration. Toxicity of cadmium 
exacerbated by the fact, has an extremely long 
biological half life. Therefore, cadmium retained for 
long periods of time in organisms after 
bioaccumulation. In the current study, copper content 
found in higher concentrations after idol immersion in 
studied lakes. Levels of copper in water samples were 
found below permissible levels of BIS.  The copper is 
essential metal and not expect to cause any damage to 
aquatic ecosystem. However, excess copper that is 
above 1.5 mg/L cause hemolytic anemia and kidney 
damage (WHO 1989). Out of the all material used in 
making the idol, thermocol  is non-biodegradable 
while paints contain heavy metals such as chromium, 
lead, cadmium and mercury. The chemical paints 
used to decorate the idols increases heavy metal 
concentration and acidity in the water [20]. Lead and 
chromium, which also adds through sindur in the 
water bodies, are very toxic even in very small 
quantity for human being through the process known 
as bioaccumulation and biomagnifications [21]. When 
idols are  immersed, these colors and chemical 
dissolve slowly 
 leading to significant alternation in the water quality 
[22]. The fate of heavy metals introduced by human 
activities, chemical and geochemical processes into 
the aquatic ecosystem have recently become the 
subject of widespread concern; since beyond the 
tolerable limits they become toxic[23] . 
VIII. Conclusion 
Th various causes of pollution of lakes in Nagpur city 
are dumping of domestic sewage into the lakes, 
discharge of industrial effluents and surface run off 
into the lakes, absence of any treatment prior to 

dumping , urbanization and gradual increasing 
population. In the present study, we find that Cu, Cr, 
Pb, Cd and Mn are present in relatively higher 
concentration as compared to their permissible limits. 
As the Futala and Ambazari lakes is also used for 
fishing purposes, it is quite evident that these heavy 
metals may enter the food chain, and thus through bio 
magnifications enter the human body as well. 
Periodical monitoring of the water quality is thus 
required to assess the condition of surface water 
bodies (lakes) The uncontrolled human activities 
along the bank of lakes deteriorating, the lake water 
quality. Continuous depositions of waste papers and 
polythene bags are now commonly observed. 
Moreover, the various religious activities have 
increased the organic load in all studied lake during 
festival season.  The average level of metals in all 
studies lakes followed order Zn>Fe> Pb>Mn> 
Cu>Cd.It is observed that values of heavy metals 
significantally  increased during immersion period 
and then declined in post immersion period , 
however, the general trend observed was : immersion 
> post-immersion > pre-immersion period. 
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