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ABSTRACT

Heavy metals are important environmental pollutants and their toxicity is a problem of increasing significance for
ecological, evolutionary and environmental reasons. In the present study, level of occurrence of heavy metals like
lead (Pb), arsenic (As), chromium (Cr), cadmium (Cd), iron (Fe), zinc (Zn), copper (Cu) and manganese (Mn) were
estimated in Futala Lake, Nagpur city, Maharashtra, India. The monitoring was made over a period of three months
viz. August (pr-immersion period), September (immersion period) and October (post-immersion period)
respectively. The sampling points were selected on the basis of their importance. The heavy metal content had
upward trends and followed the sequence: Fe> Mn> Pb> Cu> Cr >Cd> Zn>As. The area under study receives
domestic sewage (poor) from pollution habitation, so also the activities like, cattle washing, dumping of garbage,
cloth washing, bathing and idol immersion activities in large extent during and after festival seasons. Food chain
polluted with toxic heavy metal is an important route for human exposure and may cause several dangerous effects
on human hence constant monitoring and total ban on idol immersion activities is needed to maintain Futala Lake
water quality fit for useful purposes.
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INTRODUCTION

Heavy metals are a group of elements with a massityegreater than 4.5 g/énwhich tend to release electrons in
chemical reactions and form simple cations. Ingbkd and liquid states they are characterizegydyd heat and
electrical conductivity, and are glossy and opadtibey have high melting and boiling points. Tlaeg malleable
with usually monatomic pairs. The metals clasdiés heavy metals include: Cu, Co, Cr, Cd, Fe,Pdn,Sn, Hg,
Mn, Ni, Mo, V, W Within the group of heavy metadsie can distinguish both the elements essentidivimg
organisms (microelements) and the elements whogsiglbgical role is unknown, and thus they are tinze”
towards plants, animals and people. The metalsrggas microelements in living organisms usuallgwdn trace
amounts that are precisely defined for each sped@esh their deficiency and excess badly affednly organisms.
The strongest toxic properties are characterigticifiorganic metals compounds, which dissociatd waetl are
easily soluble because they can easily penetretedh cell membranes and get into internal org@hese metals
accumulate mainly in kidneys, the adrenal glangrlilungs, hair and skin, and they may cause bigbd pressure,
cancerous changes, damage to kidneys, liver and. bla some cases they may also lead to mentafdtss and
loss of brain function. [1] The circulation and magon of metals in the natural environment arentyaielated to
such processes as rock decay, volcano eruptioapoeation of oceans, forest fires and soil formmajiwocesses.
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The sources of anthropogenic contamination or gohuof the environment by heavy metals includeedént

branches of industry, the power industry, transpornicipal waste management, waste dumping diteisjzers

and waste used to fertilize soil. The heavy mef@m these sources are dispersed in the envirohamh they
contaminate soil, water and air. They also (diyeat indirectly through plants) get into human ardmal bodies.
Heavy metal pollution of surface and undergrountkewaources results in considerable soil pollutod pollution
increases when mined ores are dumped on the gsaurfate for manual dressing [2]. Surface dumpirgpsgs the
metals to air and rain. When agricultural soils poluted, these metals are taken up by plantscandequently
accumulate in their tissues. Animals that grazewsrh contaminated plants and drink from pollutetevs as well
as marine lives that breed in heavy metal pollutaters also accumulate such metals in their tissaras milk, if

lactating [3]. Humans are in turn exposed to haaeyals by consuming contaminated plants and anjraats this
has been known to result in various biochemicabrdisrs. In summary, all living organisms within avem

ecosystem are variously contaminated along theilesyof food chain.

k] F4 F. hJ
Map of India, Maharashtra, Nagpur city, Futala Lake([Study areal

STUDY AREA

Nagpur city is one of India’s fastest growing cogmiitan cities. The city is spread in an arealwdu 220 K.
The road length of city under the Nagpur Munici@alrporation (NMC) is 1200 Km. Nagpur city is sitee at an
altitude of over 290 meters above sea level risingo 350 meters towards NW, W and SW of the ey [n many
areas of Nagpur city tap water supply is not alddland people are dependent mainly on the growtdngources.
In and around Nagpur city (M.S.) there are largenbers of water bodies. Nag River which is a taloytof
Kanhan takes it origin from Ambazari and flows tods east through Nagpur city. The Nag river waser
completely polluted on account of draining of seavago river [5]. Lakes are significant resour@sé of Nagpur
city. Some of these are used to supply water fimkihg purpose like Gorewada lake and Wena tahke water
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from Futala Lake is used for irrigation and wateni Ambazari lake is used for industrial purposee Futala Lake
with a coordinate of 21°8°44°N and 79°03" 48 Eltsed water body. The Fulata lake is spread 60ercres. The
Futala Lake is located at the western side of thgpr city. The catchment area of dam is 6.47%&mwq.The length
of west weir is 8.0m. Futala lake is having capait irrigate an area of 34.42 hectors of cultéhagriculture land
and Telenkhedi Garden. The initial purpose forgating nearby agricultural land was prominent ansorige

utilization of Futala Lake.

The other water bodies in Nagpur city are, namedyndhisagar lake, Naik Lake, Lendi lake, Sakkardake and
Khandan lake. In Naik and Lendi lake, the ingrelssewage from nearby locality is rampant. Bothhafse lakes
have been very much encroached by the weeds. hBlsideen resulted into total degradation of Naik laendi

lake. The major lakes in Nagpur city which once ts be eco-friendly and useful purposed, have tosir

grandeur and have rather becomes a source of weisarhus it is quite imperative to know the qualtates of
these lakes water with a view to renovate themhat these serve for a useful purpose to the sodietyrder to
save these waster bodies (Lakes), which would sesvas, reservoirs of fresh water, fishes and qthadtucts for
hundreds of years, the studies on the level ofrtpellution in terms of heavy metal have been utaken

throughout the year.

PROBLEM ON HAND

Festivals are an integral part of rich and divensiéural heritage of India. Idol worship has béerhe practice in
India since ancient time. The religious scriptgthology and rituals have attempted to drive th@antance of
preserving nature by adoring it through the ceeturiTo worship god and goddess only natural thitkgsmilk,
curd, ghee, coconut, beetal, and river water wesrally used. In India idol immersion is anothethanpogenic
activity. The idols of Lord Viswakarma, Lord Ganesloddess Durga etc. are worshipped with all ritdsi Hindu
are immersed in water bodies between the monthsugtist to October respectively every year. Sirhilauring
the Mohram festival, tazias are being immersed lslivhs in the month of May every year. The timarspf
festival may vary from one and half day to ten d&yanesh idols are immersed in water body whicludes lakes,
river etc. Consequent pollution of such water bsdias been a matter of concern. In addition tingilttoxic
chemicals used in making idols tend to leach odt@rse serious problems of lake water pollutiomsdigs carried
out to assess deterioration in lake water qualitg tb immersion of idols have revealed that lakéewguality
deteriorates in respects of conductivity, biocherhioxygen demand and concentration of heavy mefdis.
pollution from Ganesh Chaturthi idols also damatlesecosystem; kills fishes, other marine life &adms other
life depended on the water such as birds, animaishaman beings. Idols are immersed in lotic oticawater
bodies based on the difference in the water resglime and the flow velocity. However in presday scenario,
metals, ornaments, oily substances, synthetic gottsremical are used to make polish and decoragetidols for
worship followed by immersion of these idols in guirrounding aquatic environment which gets seleadfected
[6]. When the idols are immersed in water bodibsijrtcolors, chemicals, and other components tfetused for
idol preparation get dissolved and lead to sigaificchanges in the water quality. When immerdezse colors and
chemicals dissolve slowly leading to significarteedtion in the water quality. The input of biodadgble and non
biodegradable substances deteriorates the watétygarad enhances silt loaded in the water bodi€ke floating
materials released through idol in the river are lafter decomposition result in eutrophicatiorthaf lakes. Thus
too many religious activities and religious fanatiave now become a major threat to the ecosystem.Far eater
impact of pollution is seen during the festival s@g when immersion of idols in these natural daquetosystems
destroyed the whole ecological balance. Futala lisleeibjected to enormous anthropogenic stressivescheavy
inputs of domestic waste and sewage. The Futak ikkised for irrigation, drinking purposes by leatt local
inhabitant’s use it for fisheries and various ratieal activities.

MATERIALSAND METHODS

For the determination of heavy metals in the laletery 250 ml of surface water were collected iplizate from
each of the five sites in the colored, sterilizesttle and preserved with adding 1.0 ml concentratdOs,.
Suspended particulate matter was separated byirfgtevater samples through 0.45 Whatman GF/C filters.
Sampling was done during pre-monsoon, monsoon astimponsoon. Sampling was usually done in the mgrni
and evening hours. Sample bottles were acid washdal/ before sampling day in 1-2% HN€blution, rinsed in
distilled water and then dried in drying oven. Dgrevery sampling, total five samples of water aveollected
manually on a rowing boat by submerging pre-clegnagethylene (PE) bottles approximately 50 cm lagimehe
water surface and 8-9 feet deep from the bank efldke by holding the bottles upward. Sample bstthere
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immediately transferred to the laboratories for ¢ésémation of various heavy metals content in hadger [7]. For
analyzing the heavy metal content of water, 100ofivater samples were taken and digested using HiN@
HCIO,4 in a 5:1 ratio until the white fumes appears, wader digests were filtered and diluted to 10 mihwd.1N
HNO; solution [7]. The filtrate of water was then assyy AAS (Elico SL-194) for Cd, Zn, Pb, Cu, Cr, Nin
and As. The AAS value of blank (without sample)eafch metal was deducted from the sample valueirat f
calculations [8].

Quality Assurance and quality control

Appropriate quality assurance procedures and ptiecesuwere carried out to ensure reliability of thesults.
Double distilled water was used throughout the wtuGlassware was properly cleaned, and the reagesite of
analytical grade. Reagents blank determinatione wsed to correct the instrument readings.

RESULTSAND DISCUSSION

The average results of all the heavy metal paraméte Futala Lake water samples are presentedabieTand
Chart number 1-7. Contamination of water-bodies isiajor concern in today’'s era. The biological wealf a
water body is mainly dependent on its water qualitgl it is of major issue of concern to mankindatpd Decrease
in water quality (unfit for human consumption) is@attributed to the fact that today most watealies are been
loaded with toxic material and chemicals, human ildistrial waste, organic matter and religiousaiis of Idol
immersions. The under mentioned research work islgneoncerned about the water quality assessnoeevdluate
the qualitative nature and quantitative extentafytion in water body during pre-immersion, immers and post-
immersion of idols in festivals season. Most of bieavy metals, if present beyond permissible linmtgvater are
toxic to human beings, aquatic flora and faunawds observed that the values of these parametgridicantly
increased during the immersion period and thenimstl slowly in the post-immersion period due tof sel
purification mechanism of water body. With growintagnitude of these religious activities, pollutitmad is
bound to increase manifold. Increasing lake watglupon causes contamination of the entire foogdpy chain.
Chemical accumulating in aquatic organisms, pdsity fish consumed by humans in large quantitas of
special concern because a high retention of tadisteinces in fish tissue may be detrimental to muhealth. The
input of biodegradable and non-biodegradable snbetadeteriorates the lake water quality and erdsasitt load
in the lake. Problem becomes more acute when dissolof input in the environment exceeds the dgmasition,
dispersal, or recycling capabilities. The majoritfy pollutants entering the lake originate surface-off from
domestic and agricultural sources and idol immaersictivities.

Chart and Table 1
0.035
0.03
_ 0.025
<
E 0.02
2 0.015 —
N 0.01 —
0.005 —
0
S1 S2 S3 S4 S5
B August (Pre-immersion) 0.024 0.032 0.018 0.016 0.032
B September (Immersion) 0.018 0.016 0.016 0.022 0.012
October (Post-immersion) | 0.012 0.012 0.018 0.022 0.016

Zinc
Trace metal such as Zn plays a biochemical roliénlife processes of all aquatic plants and argpthlerefore,
they are essential in the aquatic environmentanetramounts. The annual average concentratiom ofi Zvater
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samples of Futala Lake was found to be below thmissible limit set by WHO [9]. Zinc does not acwulate with
continued exposure; rather, body content is moddl&ty homeostatic mechanisms that act mainly oorahen
and liver levels [10]. Zinc has been reported taseathe same signs of illness as does, lead, an@asily be
mistakenly diagnosed as lead poisoning. Zinc issictared to be relatively non-toxic, especiallyaken orally.
However, excess amount can cause system dis-fasdfiat result in impairment of growth and reprdatunc[11].
Variation in zinc in collected water sample wer81® mg/L to 0.032 mg/L (August, pre immersion pe)jd).012
mg/L to 0.022 mg/L (September, immersion periodt2ng/L to 0.023 mg/L (October-post immersion péyio
respectively.

Copper
Cu is highly toxic to most fishes, invertebratesl @guatic plants than any other heavy metal exceptury. It
reduces growth and rate of reproduction in plantsanimals. The chronic level of Cu is 0.02-0.2.h{12].

The chronic levels of Cu are 0.02-0.2 mg/L. Coplpecomes toxic for organisms when the rate of altisorgs
greater than the rate of excretion, and as copperaidily accumulated by plants and animals,\iery important to
minimize the levels of copper in the waterway. ¥#dn in copper in collected water sample were an0g/L to
0.0362mg/L (August, pre immersion period); 0.054migy 0.076mg/L (September, immersion period); 0rad8-
to 0.064mg/L (October-post immersion period) retipely.

Chart and Table 2
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S1 S2 S3 sS4

M August (Pre-immersion) 0.0481 | 0.0326 | 0.0241 | 0.0224 | 0.0362
B September (Immersion) 0.066 0.068 0.072 0.076 0.054
October (Post-immersion) | 0.058 0.056 0.064 0.06 0.048

Lead

Lead is the most significant toxin of the heavy atgtand the inorganic forms are absorbed thronghstion by
food and water, and inhalation [13]. Lead poisonalgo causes inhibition of the synthesis of haewotug|
dysfunctions in the kidneys, joints and reproduethystems, cardiovascular system and acute andicldamage
to the central nervous system (CNS) and periplmenalous system (PNS) [14]. Lead is one of the d¢ldestals
known to man and is discharged in the lake wateuth paints, solders, pipes, building materiakojjae etc.
Lead is a well known metal toxicant and it is gralthu being phased out of the materials that humeimgs
regularly use. Combustion of oil and gasoline aotdor >50% of all anthropogenic emissions, anastform a
major component of the global cycle of lead. Atpiweric fallout is usually the most important souoééead in the
freshwaters. According to the USPH (United St&teklic Health Drinking Water Standards), the pesibig limit
for Lead in drinking water is <0.05 mg/L [15]. Aftbeavy downpour in August and September its canagon
decreases but in October there is slight increads value after the idol immersion activity as iBlzontributed by
paints and enamel used to color the idols. Pbfaiss its way in the runoff waters of the lakedhgh the vehicle
washing and gasoline combustion. The Fe and Pbeodrations increases significantly at all pointheT
elimination of the major pollution sources suchi@ally ban on idol immersion activities, and aninuanitoring in
order to follow the course of pollution will be theain steps for improving the Futala lake waterliggialhe high
level of Pb in Futala lake water could be attrildute the sewage and agricultural discharge as agefrom idol
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immersion activities and dust which holds a hugeamh of lead from the combustion of petrol in autdnife cars
[16]. The high level of Pb in water of the Lakendae attributed to heavily traveled roads thatalong the lakes
and agricultural runoff which contain fertilizerachpesticides. Higher levels of Pb often occuwater bodies near
highways and large cities due to high gasoline agstibn due to idol immersion activities, lead armtoenium
which are part of colorful paints on idols getsegnhto Futala Lake water bodies [17]. Variatiorleéad in collected
water sample were 0.049mg/L to 0.078mg/L (August,immersion period); 0.082mg/L to 0.098mg/L (Segter,
immersion period); 0.038mg/L to 0.068mg/L (Octoberst immersion period) respectively.

Chart and Table 3
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0.02 —
0
S4
M August (Pre-immersion) 0.056 0.062 0.078 0.062
B September (Immersion) 0.088 0.092 0.082 0.098
October (Post-immersion) 0.064 0.038 0.068 0.062

Chromium: (Cr)

In aquatic environment, Cr is one of the bio-cheihjc active transition metals. The annual aver&e
concentration in water samples of Futala Lake veamd to be above the permissible limits for constimmpand
domestic use set by WHO [9]. Weathering of theheartist is the primary and natural source of th@miium in
the surface water. Though an essential trace emitdnd a vital component for the glucose tolerdiactor,
chromium toxicity damages the liver, lungs and esusrgan hemorrhages [18]. Chromium compounds saé as
pigments, mordents and dyes in the textiles antheganning agent in the leather. Anthropogenigraes of
emission of Cr in the surface waters are from ddim@sstes, laundry chemicals, paints, leatherd roa off due to
tire wear, corrosion of bushings, brake wires aadiators etc. According to the USPH standards ptrenissible
limit for chromium in drinking water 0.05 mg/L. Diag and after monsoon the concentration graduabrebses,
as rainfall flushes out the lake water. Acute ¢dyiof Cr to invertebrates in highly variable, @egling upon
species. For invertebrates and fishes, its toxisitgot much acute. Chromium is generally mordct@t higher
temperatures. Lead and chromium which adds thr&igthur during idol immersion, in Futala lake watedy, are
very toxic, even, in very small quantity for huméeings through bioaccumulation and biomagnificaion
[19].Variation in chromium in collected water samplbere 0.012mg/L to 0.021  mg/L (August, pre imsign
period); 0.012mg/L to 0.022 mg/L (September, imnoersperiod); 0.012mg/L to 0.021mg/L (October-post
immersion period) respectively.
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Chart and Table4
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o 0.005
0
M August (Pre-immersion) 0.021 0.018 0.012 0.016 0.012
B September (Immersion) 0.012 0.012 0.014 0.018 0.022
= October (Post-immersion)| 0.012 0.014 0.016 0.014 0.021

Chart and Table5

0.09
0.08
E 0.07
g 0.06
c 0.05
3 0.04
£ 0.03
8 0.02
0.01
0
M August (Pre-immersion) 0.028 0.024 0.022 0.038 0.042
B September (Immersion) 0.062 0.068 0.076 0.082 0.082
m October (Post-immersion) | 0.042 0.048 0.056 0.016 0.036

Cadmium

The higher concentration of cadmium is extremekyado fish population. Its effects on the growtte have been
observed even for concentrations between 0.00®dridmgL* [20]. The annual average Cd concentration in water
samples of Futala Lake was found to be above thmmiggible limit for consumption and domestic use lsg
standard for surface water, WHO [9]. The higheelswof Cd obtained in Futala lake water sampleatika to the
amount in sediment might be due to contributiomfrother source such as agricultural runoff wherglifeers are
used in addition to possible release of sedimenhbonetal also due to immersion activities. Theewatinoff may
carry higher concentrations of these metals, wtddse from anthropogenic activities such as indgaistnd
municipal wastewater and use of chemical fertiSzand pesticides in agricultural [21]. Cadmium aéstcbuted to
the surface waters through paints, pigments, gtassnel, deterioration of the galvanized pipes &the wear of
studded tires has been identified as a sourcedrhicaen deposited on road surfaces. The permisibiefor the
drinking water set by WHO is 0.01 mg/L [22]. Padaintents heavy metals such as chromium, lead, cadrand
mercury. The chemical paints used to decoratedbls increases heavy metals concentration. Theectration of
Cd sharply increases in the month of SeptembelCatdber after the idol immersion activity as mokthe heavy
metal load is through the dissolved paints and pigim Variation in cadmium in collected water samplere

17
Pelagia Research Library



SP.J.Purietal Der ChemicaSinica, 2015, 6(2):11-19

0.022mg/L to 0.044mg/L (August, pre immersion pe)jid®.062mg/L to 0.082mg/L (September, immersionqo;
0.016mg/L to 0.056mg/L (October-post immersion @a)j respectively.

M anganese

Manganese, although is not a toxic metal, it ingaktjectionable and tenacious stains to laundmnping fixtures.

It is found to occur in the domestic waste watecc@yding to the International standards for drigkiwvater
maximum allowable limit of Mn is 0.05 mg/L, baskgely on staining rather than toxicity, has bpegscribed by
WHO [22]. Variation in manganese in collected wasample were 0.048mg/L to 0.072 mg/L (August, pre
immersion period); 0.072mg/L to 0.094mg/L (Septemiamersion period); 0.064mg/L to 0.090mg/L (Oaob
post immersion period) respectively.

Chart and Table 6

0.1
0.09
E 0.08
g’ 0.07
P 0.06
3 0.05
s 0.04
g
c 0.03
= 0.02
0.01
0
B August (Pre-immersion) 0.062 0.06 0.048 0.072 0.064
B September (Immersion) 0.088 0.072 0.084 0.076 0.094
= October (Post-immersion) | 0.064 0.068 0.082 0.074 0.09

Chart and Table 7

0.35
0.3
- 0.25
<
] 0.2
E
c 0.15
2
- 0.1
0.05
0
M August (Pre-immersion) 0.125 0.128 0.242 0.078 0.092
B September (Immersion) 0.24 0.282 0.194 0.321 0.242
m October (Post-immersion) | 0.182 0.164 0.098 0.242 0.196

Iron

The concentration of Fe was found to be very higkutala lake water samples collected from diffesampling
sites, mainly due to inflow of surface run of frdmil torrents and agricultural wastes. (Agricultuemd rocks)
Exchangeable Fe usually relates to adsorbed metatie sediment surface can be easily remobilined Futala
lake water. Variation in iron in collected watemgae were 0.078mg/L to 0.242mg/L (August, pre imsan
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period); 0.194mg/L to 0.321lmg/L (September, imnwrsiperiod); 0.098mg/L to 0.242mg/L (October-post
immersion period) respectively.

Arsenic

Similar to lead and mercury, arsenic toxicity syomps depend on the chemical form ingested [13]. Aicsacts to
coagulate protein, forms complexes with coenzymms inhibits the production of adenosine triphosph@TP)
during respiration [23]. No special variation wdsserved in case of arsenic, however in collectegemgamples,
arsenic always remained below detectable limit (BBiroughout study period.

CONCLUSION

The study provides information on the extent oflye@etal pollution in Lake Futala over time. Thet&la lake, in
its most part is muddy due to the accumulationilbfbsit towards the north-western side, it has hand clayey
substratum. The monthly variation in concentratioh heavy metals had definite upward trends. Higher
concentration of heavy metals was recorded in pvasoon whereas minimum in monsoon season, dudutoodi
factor. The present study reveals that Fe, Cr,rféldvn are present in relatively higher concentraticAs the Futala
Lake is also used for fishing, irrigation purposess quite evident that these heavy metals madgrethe food chain,
and thus through bio-magnifications may enter thendn body as well. The heavy metal content hawsvsh
significant increase during and after immersiondols and then declined in the post immersion mkriche heavy
metal content followed the order Fe>Mn>Pb>Cu>Cr>pu> As. Mythologically river, lake water bodies are
related with religious sentiments but scientifigathese are not suitable for human uses. Thesgiaed activities
can't stop but awareness among people and propesuah as installation of various artificial portdsough which
idol immersion practice can be carried out withbatming environment. The suggested measure to wegdratala
lake water quality should includes blanket bandmi immersion activities.
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