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ABSTRACT

The present research work deals with the quantification of toxic heavy metals in the water
samples collected from Lake of the Bhavan’s College campus of Andheri, Mumbai. The results of the
present investigation indicates that yearly average concentration of toxic heavy metals like Pb, Zn, Cr,
Fe and Hg was 0.16, 5.56, 2.09, 5.19 and 0.02 ppm respectively which were very much above their
permissible limits set for inland surface water, while the yearly average concentration of Ni was found
to be 2.76 ppm which was close to the maximum limit of 3.0 ppm. The results of the present
investigation points out the need to implement common objectives, compatible policies and programs
for improvement in treatment facilities for the treatment of discharged sewage and laboratory
effluents.
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1. INTRODUCTION

Heavy metal pollution is an ever increasing problem of our creeks, lakes and rivers [1-
12]. These toxic heavy metals entering in aquatic environment are adsorbed onto particulate
matter, although they can form free metal ions and soluble complexes that are available for
uptake by biological organisms [13, 14]. The increase in residue levels of heavy metal
content in water, sediments and biota has resulted in decreased productivity and increase in
exposure of humans to harmful substances [15]. Many of these metals tend to remain in the
ecosystem and eventually move from one compartment to the other within the food chain.
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 [16-19]. Therefore a better understanding of heavy metal sources, their
accumulation in the soil and the effect of their presence in water and soil seem to be
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particularly important issues of present-day research on risk assessments [20]. Incidence of
heavy metal accumulation in fish, oysters, sediments and other components of aquatic
ecosystems have been reported globally [8, 9, 21-23]. Today it is realized that solution to
such environmental problem can only be achieved through comprehensive, systematic and
sustained approach. Hence in the present investigation, efforts are made to quantify the
accumulation of toxic heavy metals in water of Bhavan’s College Lake of Andheri city of
Mumbai, India.

The study was carried out with an objective to generate the pollution load data from
regular scientific study so as to implement compatible policies and programs to gauge the
extent of pollution due to toxic heavy metals in the lake water, to evaluate effectiveness of
pollution control measures already is existence, to assess nature and extent of pollution
control needed, and for rational planning of pollution control strategies and their
prioritization.

2. MATERIALS AND METHODS
2. 1. Area of study

The study was performed at Bhavan’s College Lake, located at Andheri, Mumbai city
which is one of the most heavily populated and industrialized cities of Maharashtra. It is
situated between 18° 96’ north latitude and 72° 81' east longitude. The average elevation
ranges from 10 meters to 15 meters. The major portion of the city is at the sea level while the
maximum height of the city is at 450 meters. It covers a total area of 603.4 km?.Climate is
subtropical, with mild winters and warm summers.

The weather is typical coastal sultry and humid. The average rainfall records from 1500
mm to 2000 mm. The place experiences the onset of the monsoon in the month of June and
experiences monsoon till the end of September. The average temperature recorded varies
from 25 to 37 degrees.

2. 2. Water Sampling and preservation

The sampling was carried out daily in morning session along different locations of the
college campus. The grab samples collected in two sessions for a month were mixed
separately to give gross sample. Such gross samples were drawn and preserved for analysis to
give the pollution data for the period of twelve months from June 2011 to May 2012. The
water samples collected from different sampling stations were filtered using Whatman No. 41
(0.45 um pore size) filter paper to remove suspended particles. Filtrates were preserved in
polythene bottles. In order to prevent the precipitation of metals 2 mL nitric acid was added
to the filtrate.

The samples were concentrated to tenfold on a water bath and subjected to nitric acid
digestion using the microwave-assisted technique, setting pressure at 30 bars and power at
700 Watts [24, 25]. About 400 mL of the sample was transformed into clean glass separating
funnel in which 10 mL of 2% ammonium pyrrolidine dithiocarbamate, 4 mL of 0.5 M HCI
and 10 mL of methyl isobutyl ketone (MIBK) are added [26]. The solution in separating
funnel was shaken vigorously for 2 min and was left undisturbed for the phases to separate.

The MIBK extract containing the desired metals was then diluted to give final volumes
depending on the suspected level of the metals [27]. The sample solution was then aspirated
into air acetylene flame in an atomic absorption spectrophotometer.
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2. 3. Heavy Metal Analysis by AAS Technique

The analysis for the majority of the trace metals like Copper (Cu), Lead (Pb), Zinc
(Zn), Calcium (Ca), Chromium (Cr), Cadmium (Cd), Nickel (Ni), Iron (Fe), Mercury (HQ)
and Arsenic (As) was done by Perkin- Elmer ASS-280 Flame Atomic Absorption
Spectrophotometer. Arsenic (As) was determined by hydride generation coupled with an
atomic fluorescence detector, while mercury (Hg) was analyzed with a cold-vapour atomic
adsorption spectrophotometer. The calibration curves were prepared separately for all the
metals by running different concentrations of standard solutions. A reagent blank sample was
analyzed and subtracted from the samples to correct for reagent impurities and other sources
of errors from the environment. Average values of three replicates were taken for each
determination.

3. RESULTS AND DISCUSSION

The experimental data on toxic heavy metals in water samples collected along the
Bhavan’s College Lake of Andheri, Mumbai from the month of June 2011 to May 2012 is
presented in Table 1.

The problem of environmental pollution due to toxic metals has begun to cause concern
now in most major metropolitan cities. The toxic heavy metals entering the ecosystem may
lead to geoaccumulation, bioaccumulation and biomagnifications. A number of elements are
normally present in relatively low concentrations usually less than a few ppm in conventional
irrigation waters and are called trace elements. Heavy metals are a special group of trace
elements which have been shown to create definite health hazards when taken up by plants.
Under this group are included Arsenic (As), Cadmium (Cd), Chromium (Cr), Nickel (Ni),
Copper (Cu), Lead (Pb), Mercury (Hg) and Zinc (Zn). These are called heavy metals because
in their metallic form, their densities are greater than 4 g/cc.

From the results it appears that the Cu content in the lake water was minimum of 0.04
ppm and maximum of 0.06 ppm (Table 1). The observed annual average concentration of Cu
in the water was 0.05 ppm, which was below the permissible limit of 3.0 ppm set for inland
surface water [28]. It is important here to note that 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
ppm [29]. Aquatic plants absorb three times more Cu than plants on dry lands [30]. Excessive
Cu content can cause damage to roots, by attacking the cell membrane and destroying the
normal membrane structure, inhibited root growth and formation of numerous short,
brownish secondary roots [29]. Copper is highly toxic in aquatic environments and has
effects in fish, invertebrates, and amphibians, with all three groups equally sensitive to
chronic toxicity [31, 32]. Copper will bio concentrate in many different organs in fish and
mollusks. Copper also causes reduced sperm and egg production in many species of fish,
such as fathead minnows, as well as early hatching of eggs, smaller fry (newly hatched fish)
and increased incidence of abnormalities and reduced survival in the fry [33]. Copper is
present in normal human serum (the liquid part of blood) at concentrations of 120-140 ug/L.
Signs of toxicity will be seen if the copper concentration rises significantly above this range
[34, 35]. Copper can affect olfaction (sense of smell) by competing with natural odorants for
binding sites, by affecting activation of the olfactory receptor neurons or by affecting
intracellular signaling in the neurons [36]. Copper can impact populations and ecosystems as
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well as individual aquatic organisms. For example, when sea scallops were exposed to
environmentally realistic concentrations of copper, i.e., 10-20 pg/L, sperm and egg
production decreased. While mammals are not as sensitive to copper toxicity as aquatic
organisms, biomagnifications play critical role in their toxicity. Toxicity in mammals include
a wide range of animals and effects such as liver cirrhosis, necrosis in kidneys and the brain,
gastrointestinal distress, lesions, low blood pressure and fetal mortality [37-39]. Acute
toxicity of copper sulphate to tilapia (Oreochromis niloticus) and catfish (Clarias gariepinus)
species was investigated [40]. They observed behavioral changes, mostly locomotor
responses (avoidance) among the test animals on exposure to the different concentrations of
copper sulphate.

In the present study, the monthly concentration of Zn was in the range of 2.08 ppm to
7.02 ppm (Table.1). The results of the present investigation indicate that the annual average
concentration of Zn in water samples was 5.56 ppm, which is above the permissible limit of
5.0 ppm set for inland surface water [28]. Zn may result in necrosis, chlorosis and inhibited
growth of plants [29]. Previous studies have reported toxic effect of Zn on some aquatic
organisms such as fish [41]. Although there is low toxicity effect of Zn in man, however, the
prolonged consumption of large doses has been reported to show some health complications
such as fatigue, dizziness and neutropenia [42].

The monthly concentration of Ni in the lake water samples was found to be in the range
of 1.79 ppm - 3.02 ppm (Table 1). The annual average concentration of Ni in the water
samples was observed to be 2.76 ppm, which is close to the limit of 3.0 ppm set for inland
surface water [28]. Short-term exposure to Ni on human being is not known to cause any
health problems, but long-term exposure can cause decreased body weight, heart, liver
damage and skin irritation [29]. Sunderman in 1959 reported the carcinogenic action of nickel
carbonyl on rat [43]. Ni can accumulate in aquatic life, but its magnification along in food
chain is not confirmed. Khunyakari et al. [44] investigated toxicity of nickel, copper, and zinc
in Poecilia reticulata. Heavy metal exposure caused increased mucus like secretion over
gills, excessive excretion, anorexia and increased fin movement. Copper was found to be the
most toxic followed by zinc and nickel.

Pb is one of the oldest metals known to man and is discharged in the surface water
through paints, solders, pipes, building material, gasoline etc. Atmospheric fallout is usually
the most important source of lead in the freshwaters. In the present investigation, it was
observed that the maximum concentration of Pb was 1.09 ppm and the minimum was 0.04
ppm (Table 1). The annual average concentration of toxic Pb in water samples was found to
be 0.16 ppm, which is above the permissible limit of 0.1 ppm set for inland surface water
[28]. Acute toxicity generally appears in aquatic plants at concentration of 0.1-5.0 ppm. In
plants, it initially results in enhanced growth, but from a concentration of 5 ppm onwards, this
is counteracted by severe growth retardation, discoloration and morphological abnormalities.

There is an adverse influence on photosynthesis, respiration and other metabolic
processes. Acute toxicity of Pb in invertebrates is reported at concentration of 0.1-10 ppm
[29]. Higher levels pose eventual threat to fisheries resources. A number of studies have
investigated effects of prolonged Pb exposure on freshwater fish. These studies report a wide
range of effects induced by chronic exposure to elevated Pb concentrations, including effects
on pituitary function, gonadosomatic index, oocyte growth [45]. Fewer studies have
examined the physiological and biochemical effects of prolonged Pb exposure on freshwater
invertebrates, but reports of Pb toxicity evaluated by mortality are plentiful. Exceptions
include reports of behavioral effects in pulmonate snails [46] possibly linked directly to Pb-
induced modifications of neuron membrane properties [47, 48].
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The monthly hexavalent Cr content in the lake water samples was found to be
minimum of 1.90 ppm and maximum of 2.90 ppm (Table 1), while the annual average
concentration was calculated as 2.09 ppm, which was very much above the permissible limit
of 0.1 ppm set for inland surface water [28]. The probable source of Cr compounds are
pigments, mordents and dyes in the textiles and tanning agent in the leather. Acute toxicity of
Cr to invertebrates is highly variable, depending upon species [29]. For invertebrates and
fishes, its toxicity is not much acute. Cr is generally more toxic at higher temperatures and its
compounds are known to cause cancer in humans [49]. The toxic effect of Cr on plants
indicate that the roots remain small and the leaves narrow, exhibit reddish brown
discoloration with small necrotic blotches [30]. Symptoms of Cr phytotoxicity include
inhibition of seed germination or of early seedling development, reduction of root growth,
leaf chlorosis and depressed biomass [50]. There are many studies on Cr toxicity in crop
plants. Chromium significantly affects the metabolism of plants such as barley (Hordeum
vulgare) [51], citrullus [52], cauliflower [53], and maize (Zeamays) [50]. Chromium is highly
toxic non-essential element for microorganism and plants [54]. Marked toxicity of chromium
was found with respect to photosynthetic pigment, photosynthesis, nitrate reductase activity
and protein content of some alga [55]. Chromium toxicity produces chlorosis and necrosis in
plants [54].

Cd is contributed to the surface waters through paints, pigments, glass enamel,
deterioration of the galvanized pipes etc. The monthly concentration of Cd in lake water
samples was found to be minimum of 0.02 ppm and maximum of 0.88 ppm (Table 1), with
the average annual concentration of 0.20 ppm. The values obtained were found to be below
the permissible limit of 2.0 ppm set for inland surface water [28]. There are a few recorded
instances Cd poisoning in human beings following consumption of contaminated fishes. It is
less toxic to plants than Cu, similar in toxicity to Pb and Cr. It is equally toxic to
invertebrates and fishes, [15]. In aquatic systems, cadmium is most readily absorbed by
organisms directly from the water in its free ionic form Cd (1) [56].

The acute toxicity of cadmium to aquatic organisms is variable, even between closely
related species, and is related to the free ionic concentration of the metal. Cadmium interacts
with the calcium metabolism of animals. In fish it causes lack of calcium (hypocalcaemia),
probably by inhibiting calcium uptake from the water. Effects of long-term exposure can
include larval mortality and temporary reduction in growth [56]. Mammals can tolerate low
levels of cadmium exposure by binding the metal to a special protein that renders it harmless.
In this form, the cadmium accumulates in the kidney and liver. Higher levels of exposure,
however, lead to kidney damage, disturbed calcium and vitamin D metabolism, and bone loss
[57]. Seabirds in general are known to accumulate high levels of cadmium. Kidney damages
have been reported in wild colonies of pelagic sea birds having cadmium level of 60-480
ug/g in the kidney [58].

In the present study, the maximum monthly concentrations of Fe in the lake water
samples was 5.67 ppm and the minimum concentration was 5.01 ppm (Table 1). However, it
was observed that, the average annual concentration of toxic Fe was 5.19 ppm, which is very
much higher than the permissible limit of 3 ppm set for inland surface water [28]. The
presence of high concentration of Fe may increase the hazard of pathogenic organisms; since
most of these organisms need Fe for their growth [29]. The Hg level in the lake water
samples was found to be in the range 0.01 ppm - 0.03 ppm (Table 1). The average yearly
concentration of toxic Hg was 0.02 ppm, which was very much above the maximum limit of
0.01 ppm set for inland surface water [28]. Hg is generated naturally in the environment from
the degassing of the earth's crust from volcanic emissions.
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Atmospheric Hg is dispersed across the globe by winds and returns to the earth in
rainfall, accumulating in aquatic food chains and fish in lakes. The organic form is readily
absorbed in the gastrointestinal tract (90-100 %), lesser but still significant amounts of
inorganic mercury are absorbed in the gastrointestinal tract (7-15 %). Previous study have
reported that Hg in dissolved form enter the fish through the gills [59], further studies have
indicated that inorganic Hg get adsorbed to the suspended particulate matter and settles down
[60], further gets methylated and ultimately enter the food chain, resulting in bioaccumulation
[61]. The monthly concentration of As in lake water samples was found to be in the range
0.05 ppm to 0.06 ppm (Table 1), while its average concentration was calculated as 0.06,
which was below the maximum limit of 0.2 ppm set for inland surface water [28]. As is the
most common cause of acute heavy metal poisoning in adults. It is released into the
environment by the manufacturing of chemicals and glasses. Arsine gas is a common
byproduct produced by the manufacturing of pesticides that contain arsenic. As usually
accumulates in soil, water and airborne particles from which it is taken up by various
organisms.

The concentrations of the dangerous inorganic arsenics that are currently present in
surface waters enhance the chances of alteration of genetic materials of fish. This is mainly
caused by accumulation of arsenic in the bodies of plant-eating freshwater organisms. Plants
absorb arsenic fairly easily, so that high-ranking concentrations may be present in food.
Marine algae accumulate arsenate from seawater, reduce it to arsenite, and then oxidize the
arsenite to a large number of organoarsenic compounds.

The algae release arsenite, methylarsonic acid, and dimethylarsinic acid to seawater.
Dissolved arsenite and arsenate are more toxic to marine phytoplankton than to marine
invertebrates and fish [62]. High concentrations of As in water can have an adverse effect on
health [63-65]. Chronic arsenic poisoning can cause serious health effects including cancers,
melanosis (hyperpigmentation or hypopigmentation or white spots), hyperkeratosis (harden
skin), restrictive lung disease, peripheral vascular disease (blackfoot disease), gangrene,
diabetes mellitus, hypertension and ischaemic heart disease [66].

4. CONCLUSION

Environmental problems concerning land and water bodies cannot be addressed in
isolation. They are intricately interwoven with each other and are interdependent, linked by
complex atmospheric, geological, physical, chemical and biological interactions. The human
activities that effect, and arise from this environment also depend on economic and social
factors. The problem is beyond the limits of physical and institutional bodies, and therefore,
there is a need to set common objectives and implement compatitable policies and
programmes.

Today it is realised that solution to any environmental problem can only be achieved
through a comprehensive, systematic and sustained approach. During the past few years,
attempts were made by various groups to develop strategies directed towards more integrated
approach in aquatic environments. Data on pollution in surface waters points out to the need
of regular monitoring of water resources and further improvement in the waste water
treatment methods.

What is more fundamentally lacking is a consistent internationally recognised and data
driven strategy to assess the quality of water bodies like lake and generation of international
standards for evaluation of levels of contaminants.
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This will be helpful in saving the lake ecosystem from further heavy metal pollution.
The pollution problem if neglected will be a cause of great concern can cause irreparable
ecological damage in the long-term well masked by short term economic prosperity.
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