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 Abstract: The current study was carried out for examining the heavy metal pollution profile of seven urban ponds in Chavara 

industrial area, south west coast of India. The study was conducted seasonally for a period of one year from January 2014 to December 

2014. Results obtained from AAS analysis showed that toxic heavy metals such as copper (Cu), Manganese(Mn), zinc(Zn), Iron(Fe), 

lead(Pb), Cadmium(Cd), Nickel(Ni), Cobalt (Co), and Chromium(Cr) in the water samples were found to be higher than drinking water 

standards prescribed by WHO, BIS and FAO. This study is an attempt to compare the hydrological assessment of heavy metals in water 

of different ponds due to pollution from near industry-KMML, situates in Chavara, Kollam, India. 
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1. Introduction 
 

Water, the universal solvent is the most vital component for 
all forms of life on earth. Over 71% of earth crust is covered 
with water. Of these only 0.3% is available as fresh water in 
rivers, streams, lakes and ponds. Safe and pure drinking 
water is the right of humans and all life forms on earth. 
Nevertheless industrialization and urbanization always leads 
to deterioration of water quality profile of most of the aquatic 
ecosystems. Fresh water bodies such as rivers, lakes, ponds 
etc are always under threat due to unscientific waste disposal 
strategies. Of these ponds have great ecological importance 
as they control flood, soil erosion and act as a good buffering 
system [1]. Ponds are lentic shallow water bodies, have an 
immense water retention capacity to maintain a balanced 
water column of an ecosystem. At local level ponds 
contribute more to biodiversity by supporting more unique 
and scare species [2].Hence monitoring and conservation of 
aquatic ecosystem are gaining importance due to its 
uniqueness. Urban watersheds are getting polluted mainly 
due to dumping of both solid and liquid untreated industrial 
and domestic wastes. This long term discharge results in 
percolating these pollutants in to ground water leads to 
destroying the natural habitats of both aquatic and terrestrial 
ecosystems. Kerala Minerals and Metals Ltd (KMML) is one 
of the leading profits making public sector, sited at coastal 
belt, Chavara, Kollam District in Kerala. KMML produces 
hazardous sludge as waste product during the production of 
titanium dioxide. This sludge contain large amount of heavy 
metals [3]. The improper management of waste products 
results in percolating them in to the surrounding water 
column which leads to degradation of complete ecosystem. 
These heavy metal contaminants will destroy the neighboring 
aquatic and terrestrial ecosystem completely and 
permanently. 
 

2. Materials and Methods  
 
Water samples were collected from seven different fresh 
water ponds from the study area, during pre monsoon, 
monsoon, post monsoon and summer from January 2014 to 
December 2014. Residents were not using the pond water in 
this area for any house hold purposes but utilize the water for 
fishing, cattle raring, and duck rising. Seven sampling 
stations (S1 to S7) were preferred for this study based on the 
requirement of this investigation. For analysing the trace 
metals contents of water from the elected stations, water 
samples were collected in clean polyethylene, white two litre 
cans. After proper labelling, the samples were brought to the 
laboratory for further analysis using AAS.  
 
2.1 Sample examination. 

 
Water Samples were subjected to atomic absorption 
spectrometer for being analyzed for metals like Cu, Mn, Zn, 
Fe, Pb, Cr, Cd, Ni, Co. Instrument was operated according to 
manufacturer’s stipulation. 
 
3. Results and Discussion 
 

The data of trace metal components from seven selected 
fresh ponds were recorded during pre monsoon, monsoon, 
post monsoon and summer from January 2014 to December 
2014 are presented below. Standard limits for drinking water 
prescribed by BIS, WHO and FAO was also given in Table 
1. 
 
Copper (Cu): The common sources of copper pollution in 
aquatic ecosystems were mainly from industrial sources, 
domestic wastes, metal plating or mineral leaching [4]. 
Copper concentration ranged between 1.45mg/l to 9.46mg/l 
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in different water samples, Seasonal data for copper in 
different stations are represented in Table 2. Highest 
concentration of copper was obtained in post monsoon from 
S5 (9.46mg/L). Station average showed that lowest value was 
noticed from S7 (3.99mg/L). Similarly, high copper value 
was reported by Sahib et al., 2009 from Ibb City, Yemen [5]. 
The analysis of variance (ANOVA) of copper showed that 
there is no significant variation between stations at (P<0.05), 
but showed that the season wise variation of copper is 
significant at 5 % level. According to BIS and WHO 
desirable limit of Cu in drinking water is 0.05mg/L and 
1mg/L respectively. From the present study it was clear that 
copper values of selected water samples were beyond the 
range prescribed by WHO, BIS and FAO values. According 
to Jayasree et al., [3] AAS analysis of KMML sludge contain 
26.80 ppm of Cu. This much concentration of copper when 
accumulated in large quantity for long term without proper 
waste management system leads to severe pollution problem. 
Seasonal data showed that in all stations high concentration 
of copper was observed in post monsoon. Generally in post 
monsoon metal concentration will be less due to dilution of 
rain water. Irrespective of the diluting effect, in post 
monsoon highest copper concentration is a clear indication of 
pollution due to industrial effluents. Lowest copper content 
was observed in monsoon season, this may be due to dilution 
of rain water. Excess Copper accumulation results in various 
bodily disorders like hypertension, kidney dysfunctions, and 
various nervous disorders [6]. 
 
Manganese (Mn): Manganese is an essential element used 
by plants and animals for their proper growth and 
maintenance. In aquatic ecosystems manganese compounds 
gets attached to circulating particles or will settled in 
sediments [7]. Throughout the study a significant difference 
in concentration of manganese in all seasons was observed. 
Highest concentration was observed in post monsoon 
followed by summer and pre monsoon. Lowest mean value 
for manganese was reported in station two (3.12 mg/L). 
Mean value of manganese ranged from 1.52 mg/L to 9.15 
mg/L in S7 were shown in Table 3. According to BIS and 
WHO desirable limit of Mn in drinking water is 0.1mg/L. 
The values obtained for Mn in different stations were found 
to higher than Standard limits and guidelines for drinking 
water prescribed by BIS, WHO and FAO. The analysis of 
variance (ANOVA) of Manganese revealed a significant 
variation between the seasons at 5% level but Station wise 
variation was found to have no such significant variation at 
(P<0.05). Jayasree et al., in 2009 analyses Mn concentration 
from KMML sludge and reported 1246.00 ppm of Mn from 
it. [3]. Low Manganese concentration in monsoon may be 
due to high rain water influx. A very high concentrations of 
manganese observed in all stations in post monsoon season is 
a clear representation of pollution from anthropogenic 
sources like KMML effluent on that area. Even though 
Manganese is an essential micronutrient, its excess 
accumulation in humans results in neuronal disorders, bone 
diseases in babies, rheumatoid arthritis and diabetes [8], [9]. 
In mammals, manganese exposure on embryonic stage leads 
to foetal-toxicity and decreased postnatal growth [7], [10]. 
  
Zinc (Zn): Zinc is a significant trace metal, has chief role in 
maintaining proper physiological and metabolic process in 

most of the living organism. Nevertheless its high 
concentration results in toxicity. Industrial effluents, liquid 
manure, fertilizers and pesticides are the chief pollution 
sources of zinc in aquatic ecosystem. [11]. Zinc has an 
important role in protein synthesis. Since Zinc has restricted 
mobility its concentration is low in natural surface waters 
[12]. Decomposition of Zinc is difficult so will remain in the 
ecosystem for long periods. Hence become toxic to all 
aquatic organisms in its sub lethal concentration [13], [14]. 
Concentration of Zinc in water samples varied between 
1.53mg/ L to 9.16 mg/ L (Table 4). According to Jayasree et 
al., AAS analysis of KMML sludge contains 1854.00 ppm of 
Zn. [3]. Highest mean concentration was observed in post 
monsoon season. During post monsoon season high zinc 
content may be explained by the impact of waste water from 
industrial unit of KMML. In monsoon season the value of 
zinc was under permissible limit according to WHO and BIS 
standards (5mg/ L). In pre monsoon also all station except in 
S7 were under permissible limit according to WHO 
standards. In rainy season, dilution of metal concentration 
results in lowering the amount. The analysis of variance 
(ANOVA) showed that the variations between seasons were 
found significant at 5 % level. But station wise variation was 
not found to be significant at 5% in the study period. 
 
Iron (Fe): Industrial by products and domestic discharges 
contributes the main source of Iron pollution in water bodies. 
When present in high concentration results in colour changes 
in that water system. In the present study the mean value of 
iron varied from 1.66±0.01mg/ L (S6) to 9.73±0.19 mg/ L 
(S1). AAS analysis of KMML sludge contains 151559.00 
ppm of Fe [3]. Highest mean values were noticed in post 
monsoon seasons followed by pre monsoon and summer. 
From Table 5 it is clear that S7 shows highest Iron 
concentration when compared to other stations. According to 
FAO 5 mg/L is the desirable limit of Iron in drinking water. 
The analysis of variance (ANOVA) showed significant 
variation between seasons and between stations at 5% level. 
 
Buffering actions of organic compounds or calcium salts 
make water less toxic even if the water contain iron in the 
above desirable limit [16],[17]. Even in post monsoon season 
high mean concentration of iron can be observed in all 
stations. This may be the result of intrusion of industrial 
effluent in to that area. Iron plays an important role in proper 
functioning of a human body. But when present in excess 
quantity will leads to high blood pressure, drowsiness, rapid 
blood clotting and increase in heart beat [15]. 
 
Lead (Pb): Metal plating, battery cells, dyes and pigments, 
chemical fertilizers, gasoline additives are the main Lead 
pollution sources in an aquatic ecosystem[8], [9]. In the 
present study mean concentration of lead values varies 
between 1.55 mg/L to 9.43 mg/L were shown in Table 6. 
When compared to other stations, station wise mean 
concentration was highest for S2. According to WHO and 
BIS 0.05 mg/L is the desirable limit of Pb in drinking water. 
From the present study it is clear that lead concentration was 
above the permissible limit prescribed by WHO, BIS and 
FAO. From the studies conducted by Jayasree et al., in 2009 
KMML sludge contains 101.40 ppm of Pb [3]. From the 
mean values it is clear that highest mean value was obtained 
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in Post monsoon followed by summer and pre monsoon. This 
seasonal behavior in heavy metal concentration can be 
explained by impact of industrial effluent on that area is high 
during wet season. The analysis of variance showed 
significant variation between seasons (P<0.05) and between 
stations (P<0.05). Lead is a toxic and dangerous heavy metal 
can cause serious health problems when enter inside the 
human body. Lead toxicity in humans can cause kidney 
dysfunction, damage to central nervous system and cardio 
vascular system and also cause infertility. Hemoglobin 
synthesis can be altered by lead toxicity [18].  
 
Chromium (Cr): Chromium compounds are usually 
insoluble in water and occur in different oxidation states such 
as trivalent and hexavalent state. Chromium (III) oxide and 
chromium (III) hydroxide are the water soluble forms of 
Chromium compounds yet identified in nature [19]. In fresh 
water dissolved Chromium concentration ranged from 0-
112ppb [20]. In present study mean value of Chromium 
varied between 0.94 mg/L to 9.73 mg/L was shown in Table 
7. The observed value is higher than prescribed limit of BIS 
and WHO (0.05mg/L). According to Jayasree et al., AAS 
analysis of KMML sludge contains 595.24 ppm of Cr. [3]. 
Higher concentrations of Chromium was observed in all 
station is a clear indication of industrial pollution in this area. 
In post monsoon season all station shows high mean values. 
Lowest mean values were reported from monsoon season in 
all stations. The analysis of variance (ANOVA) showed that 
the variation between station and seasons were significant at 
5 % level Electro plating, metal finishing, laundry chemicals, 
leather, road run off etc are the major sources of Chromium 
pollution. Chromium compounds play an important role in 
paint and dye industries as pigments and mordant. In humans, 
Chromium toxicity causes dermatitis, irritation with ulcers 
and other skin problems. In humans long term exposure of 
hexavalent chromium causes lung cancer, severe respiratory 
problems [20].. 
 

Cadmium (Cd): Compare to other heavy metals, cadmium 
and its compounds have high toxicity and are water soluble, 
hence had higher chances for bioavailability and 
bioaccumulation. Cadmium is non biodegradable and will 
remain in nature for long period. In the present study 
Cadmium concentration varies from 1.41 mg/L to 8.61mg/L 
(Table 8). Lowest mean concentration was reported from S2 
and highest in station 4. According to Jayasree et al., AAS 
analysis of KMML sludge contains 3.20 ppm of Cd [3]. 
Station mean shows that highest Cadmium concentration was 
reported in S4. Highest mean value for Cadmium was 
observed in post monsoon season followed by summer and 
pre monsoon. Lowest metal concentration was observed in 
monsoon season in all stations. The observed values of heavy 
metals in water samples were found to be higher than 
standard level of metal prescribed by WHO, BIS (0.01mg/l 
and 0.05mg/l respectively) in drinking water. ANOVA 
showed highly significant variation between seasons and 
stations at P<0.05. Chronic oral exposure of Cadmium in 
humans causes kidney stones, aminoaciduria, glucosuria, 
phosphaturia, osteomalacia, kidney dysfunction and 
osteoporosis. Continues high exposures can cause lung and 
prostate cancer. Major sources of Cadmium pollution were 
domestic waste water discharge, non-ferrous metal smelting 

and refining, and manufacturing of chemicals and metals 
[21], [22].  
 
Nickel (Ni): nickel is a naturally occurring trace metal, 
soluble in water having no odor or taste. Common sources of 
Nickel pollution include industrial waste from nickel alloys 
or nickel compounds manufacturing plants, oil burning power 
plants, colour ceramic making plants, from batteries etc [23]. 
In humans nickel toxicity induce nausea, vomiting, 
abdominal pain, diarrhoea, breath problems etc [24]. Mean 
concentration of Nickel ranged from 1.23 mg/L to 9.84 mg/L 
was shown in Table 9. Highest nickel concentration was 
reported from station 7 (6.32mg/L). According to Jayasree et 
al., AAS analysis of KMML sludge contains 112.30 ppm of 
Ni [3]. This sludge due to improper management, 
accumulated in the factory premises may leach to the nearby 
surroundings leads to pollute the nearby ecosystem . Lowest 
mean concentration of Nickel was observed on monsoon 
season in all stations. This may be due to subsequent dilution 
of rain water. High concentration was observed in post 
monsoon seasons and this may be due to precipitation and 
discharge of high amount of industrial waste in to this water 
sheds. The analysis of variance (ANOVA) showed that there 
is significant variations occur between seasons at 5 % level. 
But station wise variation was not significant at 5% during 
the study period. The observed values of heavy metals in 
water samples were found to be higher than standard level of 
metal prescribed by FAO (0.2mg/l). Nickel can combine with 
chlorine, sulfates, phosphates, oxygen, iron and manganese to 
form different hydroxide of Nickel [25].  
 
Cobalt( Co): Cobalt is an important trace metal found in 
surface water, air, lechates of hazardous industrial effluents, 
sediments etc. Cobalt may reach the environment through 
anthropogenic activities like cobalt processing industries or 
mining ores, sewage sludge, combustion of fossil fuels etc. 
Cobalt is needed for maintaining proper health of a human 
body. It is an important component of Vitamin B12 .But over 
exposure of cobalt in humans result in lung diseases, heart 
problems, vomiting, reproductive toxicity etc [26] [27]. In 
the present study mean concentration ranged from 1.02 mg/L 
to 8.11 mg/L.. From the observed mean it is clear that in post 
monsoon season highest metal concentration was observed in 
all station. This may be due to the effect of highly polluted 
water containing industrial effluent discharging in to this 
area. In this study minimum concentration was observed in 
monsoon season. This trend in monsoon could be of 
consequent dilution due to rain water. The observed mean 
concentrations of heavy metals were found to be higher than 
standard level of FAO (0.05 mg/L). The analysis of variance 
(ANOVA) showed high significant variations occur between 
seasons at 5 % level. But there is no such significant 
variations between stations were observed at 5% during the 
study period. 
 
4. Conclusion 
 

The present study clearly indicates that the pond water 
samples collected from Chavara Industrial area are not 
suitable any purposes relater to human consumption or house 
hold activities or other activities like animal raring or fish 
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farming and other domestication purposes. From the result of 
two-way ANOVA analysis of selected sites and samples 
showed that there was a very significant variation among 
different season for the concentration of copper (Cu), 
Manganese(Mn), zinc(Zn), Iron(Fe), lead(Pb), 
Cadmium(Cd), Nickel(Ni), Cobalt(Co) and Chromium(Cr) 
were observed from the water samples. Heavy metal 
concentration in these water samples are beyond the desirable 
limit of drinking water standards prescribed by BIS, WHO, 
FAO. This could be due to the discharge of industrial 
untreated waste and leaching of polluted waste water in to the 
study area. In the past three decades, huge amount of 

untreated contaminated sludge with heavy metal have been 
generated by KMML in Chavara area. Due to improper waste 
management system these waste materials cause 
contamination to the whole aquatic ecosystems in that area 
lead to high levels of heavy metals such as Cu, Mn, Zn, FE, 
Pb, Cd, Ni, Co, Cr accumulation. Hence, it is recommended 
that sustainable steps should be taken for proper waste 
disposal and secure waste management strategies is essential 
to evade any further contamination.  
 
Metals in Sludge with Concentration Limits 

 

 

Table 3: Heavy 
Heavy 
metals 

Concentration in 
KMML sludge (ppm) 

Concentration limits (ppm) 
KSPCB, Govt of Ind. 

Cd 3.20 50 
Cr+6 595.24 50 

Cu 26.80 5000 
Fe 151559.00 50000 

Mn 1246.00 50000 
Ni 112.30 5000 
Pb 101.40 5000 
Zn 1854.00 20000 

Source: Remediation of hazardous solid waste from titanium industries. Jayasree et al. [3] 
  

Table 2: Seasonal variations of Copper (mg/L) in different stations in pond ecosystems during 2014 
Station Pr M Mon Po M Sum Mean 

M±SE M±SE M±SE M±SE M±SE 
S1 6.79±0.08 3.60±0.05 8.92±0.31 3.83±0.03 5.78±0.66 
S2 4.73±0.09 2.49±0.02 6.53±0.44 4.21±0.38 4.49±0.45 
S3 3.72±0.12 1.58±0.02 8.36±0.38 3.99±0.38 4.42±0.75 
S4 4.65±0.06 1.45±0.09 6.81±0.64 4.68±0.16 4.40±0.59 
S5 3.77±.005 2.46±004 9.46±0.40 4.37±0.24 5.02±0.80 
S6 4.73±0.04 2.44±0.08 7.23±0.30 4.32±0.19 4.68±0.51 
S7 2.41±0.18 1.70±0.12 7.43±0.23 4.40±0.27 3.99±0.67 

 

Table 3: Seasonal variations of Copper (mg/L) in different stations in pond ecosystems during 2014 
Station Pre monsoon Monsoon Post monsoon Summer Mean 

M±SE M±SE M±SE M±SE M±SE 
S1 3.58±0.03 2.59±0.13 8.97±0.46 5.38±0.41 3.68±0.74 
S2 2.50±0.19 1.53±0.04 8.20±0.16 5.66±0.18 3.12±0.79 
S3 2.65±0.11 1.57±0.12 8.80±0.13 5.99±0.30 3.29±0.86 
S4 2.73±0.04 1.52±0.05 9.06±0.30 5.88±0.25 3.28±0.88 
S5 3.65±0.10 2.66±0.09 7.41±0.29 6.01±0.15 3.86±0.57 
S6 3.80±0.16 2.44±0.09 8.32±0.40 4.89±0.31 3.54±0.66 
S7 5.77±0.06 3.25±0.22 9.15±0.36 5.07±0.34 4.43±0.65 

 

Table 4: Seasonal variations of Zinc (mg/L) in different stations in pond ecosystems during 2014 
Station Pre monsoon Monsoon Post monsoon Summer Mean 

M±SE M±SE M±SE M±SE M±SE 
S1 3.57±0.03 2.59±0.13 8.63±0.70 5.38±.041 5.04±0.71 
S2 2.50±0.19 1.53±0.04 8.20±0.16 5.66±0.18 4.47±0.79 
S3 2.65±0.11 1.57±0.12 9.13±0.43 5.99±0.30 4.83±0.90 
S4 2.73±0.04 1.53±0.05 8.73±0.51 5.88±0.25 4.71±0.85 
S5 3.65±0.10 2.67±0.09 7.08±0.41 6.02±0.15 4.85±0.54 
S6 3.80±0.16 2.44±0.09 7.35±0.42 4.89±0.31 4.62±0.55 
S7 5.78±0.06 3.25±0.22 9.16±0.37 5.07±0.34 5.81±0.65 
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Table 5: Seasonal variations of iron (mg/L) in different stations in pond ecosystems during 2014 
Station Pre monsoon Monsoon Post monsoon Summer Mean 

M±SE M±SE M±SE M±SE M±SE 
S1 5.56±0.15 2.76±0.06 9.73±0.19 4.63±0.02 5.67±0.77 
S2 4.51±0.08 2.46±0.07 9.37±0.16 4.26±0.20 5.15±0.77 
S3 5.67±0.11 2.41±0.05 8.68±0.06 4.17±0.26 5.23±0.69 
S4 4.67±0.04 2.65±0.08 6.77±0.12 4.17±0.15 4.56±0.44 
S5 3.72±0.12 2.53±0.05 8.77±0.11 3.66±0.05 4.67±0.72 
S6 2.66±0.06 1.66±0.01 8.14±0.16 2.99±0.28 3.86±0.75 
S7 8.55±0.05 5.55±0.11 9.20±0.39 3.37±0.35 6.66±0.71 

 
Table 6: Seasonal variations of lead (mg/L) in different stations in pond ecosystems during 2014 

Station Pre monsoon Monsoon Post monsoon Summer Mean 
M±SE M±SE M±SE M±SE M±SE 

S1 3.87±0.05 2.59±0.12 6.94±0.48 6.63±0.13 5.00±0.56 
S2 7.84±0.08 4.54±0.08 8.03±0.26 9.43±0.25 7.46±0.54 
S3 3.63±0.06 1.55±0.06 8.52±0.28 5.46±0.28 4.79±0.77 
S4 3.80±0.12 2.59±0.12 8.92±0.50 6.37±0.26 5.15±0.77 
S5 3.73±0.08 1.56±0.11 8.77±0.15 4.12±0.49 4.54±0.79 
S6 3.76±0.06 1.71±0.06 8.84±0.16 4.40±0.26 4.67±0.78 
S7 3.81±0.17 2.36±0.09 7.95±0.02 4.78±0.19 4.72±0.62 

 
Table 7: Seasonal variations of chromium (mg/L) in different stations in pond ecosystems during 2014 
Station Pre monsoon Monsoon Post monsoon Summer Mean 

M±SE M±SE M±SE M±SE M±SE 
S1 3.4±0.09 2.37±0.04 9.07±0.52 3.13±0.42 4.49±0.81 
S2 2.28±0.08 1.17±0.06 7.73±0.23 2.52±0.72 3.42±0.77 
S3 2.47±0.12 0.94±0.02 7.03±0.36 2.67±0.23 3.27±0.68 
S4 2.50±0.06 1.51±0.16 6.74±0.15 2.19±0.51 3.23±0.62 
S5 5.35±0.01 2.53±0.03 7.67±0.15 2.96±0.39 4.62±0.62 
S6 4.55±0.10 2.54±0.08 7.12±0.36 3.55±0.10 4.44±0.51 
S7 4.35±2.8x10¯03 2.63±0.10 9.73±0.13 3.10±0.40 4.95±0.85 

 

Table 8: Seasonal variations of cadmium (mg/L) in different stations in pond ecosystems during 2014 
Station Pre monsoon Monsoon Post monsoon Summer Mean 

M±SE M±SE M±SE M±SE M±SE 
S1 2.99±0.32 1.49±0.06 7.99±0.49 3.13±0.67 3.90±0.76 
S2 2.49±0.08 1.41±0.13 6.66±0.06 3.64±0.93 3.55±0.62 
S3 2.62±0.12 1.68±0.09 7.52±0.30 3.44±0.29 3.81±0.67 
S4 3.62±0.09 2.43±0.07 8.61±0.08 3.81±0.62 4.62±0.72 
S5 2.72±0.13 1.53±0.06 6.74±0.09 4.31±0.28 3.82±0.59 
S6 3.66±0.12 2.50±0.08 7.78±0.09 4.03±0.52 4.49±0.60 
S7 4.87±0.05 2.76±0.15 8.84±0.57 3.99±0.45 5.11±0.70 

 
Table 9: Seasonal variations of Nickel (mg/L) in different stations in pond ecosystems during 2014 

Station Pre monsoon Monsoon Post monsoon Summer Mean 
 M±SE M±SE M±SE M±SE M±SE 
 S1 3.53±0.13 2.53±0.07 7.88±0.05 7.58±0.15 5.37±0.71 
 S2 3.93±0.02 1.80±0.08 8.04±0.42 5.99±0.33 4.94±0.71 
 S3 3.66±0.12 2.47±0.10 8.87±0.05 6.44±0.28 5.36±0.75 
 S4 2.66±0.12 1.23±0.13 9.40±0.41 4.18±0.35 4.36±0.93 
 S5 2.76±0.06 1.45±0.11 9.46±0.64 8.51±2.28 5.54±1.06 
 S6 2.56±0.22 1.44±0.06 9.51±0.71 6.76±0.13 5.06±0.99 
 S7 5.81±0.08 2.44±0.11 9.84±0.42 7.2±0.38 6.32±0.81 
  

Table 10: Seasonal variations of Cobalt (mg/L) in different stations in pond ecosystems during 2014 
Station Pre monsoon Monsoon Post monsoon Summer Mean 

 M±SE M±SE M±SE M±SE M±SE 
 S1 1.65±.0.12 1.02±0.10 7.59±0.12 5.73±0.18 4.00±0.83 
 S2 2.73±0.12 1.25±0.02 8.11±0.17 5.43±0.11 4.37±0.79 
 S3 3.4±0.07 2.1±0.28 7.55±0.33 4.65±0.06 4.43±0.61 
 S4 4.45±0.26 2.58±0.14 7.99±0.25 5.58±0.12 5.15±0.59 
 S5 3.72±0.13 1.53±0.88 7.69±0.06 4.73±0.05 4.42±0.66 
 S6 3.62±0.08 1.57±0.10 7.88±0.05 5.67±0.12 4.68±0.70 
 S7 2.72±0.13 1.69±0.08 6.19±0.64 5.83±0.06 4.10±0.60 
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