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ABSTRACT

The metal pollution in water, sediment and its accumulation in some aquatic weeds of the Sudha dam in
Maharashtra (India) was assessed for Cr, Cu, Fe, Mn, Se and Zn. The samples of water, sediment and aquatic
weeds were collected at random from different areas of the dam covering all directions. All the samples were
analyzed for metal ion concentration using UV-spectrophotometer. The water and sediment samples from the Sudha
dam contains considerable amount of the metal ions studied. It has been observed that, in root and leaf all the ions
get absorbed, while the extent for each element found different in the parts analyzed. Thus it can be clear that,
Typha angustifolia and Vallisneria amricana absorbs heavy metal ions and can be used for minimizing the pollution
taking place due to toxic metals fromindustrial effluents.
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INTRODUCTION

In recent years the accumulation of metals in theatic ecosystem has become a problem of greateoonc
throughout the world. These metals may accumulata tery high toxic levels and cause sever impacthe
aguatic organisms without any visible sign. Incesas population, urbanization, industrializationdaagriculture
practices have further aggravated the situation3ails and waters in many parts of the world ardupad by all
kinds of chemicals and toxic heavy metals like cacim lead, chromium and mercury. In several coestaffluents
are often disposed directly into the surface wd@rs

The introduction of metallic pollutants into a wateystem, whether it is natural (erosion) or ani#i

(anthropogenic), can occur in dissolved and pdeteuform. Depending on physico-chemical conditjotise

pollutants in dissolved form can latter precipitdt@avy metals are widely used in automobiles, mgrindustries,
pesticides, house-hold appliances, dental amalgpaists, photographic papers, photochemicals pttiution of

surface water system through anthropogenic a&svis the major environmental problem faced alliadothe globe
[3,4]. Distribution of heavy metals in water, sedims, plants and fish, vegetables play a key nolddtecting
sources of heavy metal pollution in aquatic ecasydis, 6].

Trace metal contaminations are important due tw gwential toxicity for the environment and humagings [7, 8,
9, 10]. Some of the metals like Cu, Fe, Mn, Ni &rd are essential as micronutrients for the lifecpsses in
animals and plants while many other metals sucBci<Cr, Pb and Co have no known physiological &wi/[11,
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12, 13]. Concentrations of trace elements in watey because of physiological, environmental arteofactors.
Some trace elements have several roles in livimgrism [14]. Chromium and its compounds are toxatats
introduced into natural water from a variety ofiisttial wastes. The major sources are from led#raring, textile

dyeing, electroplating and metal finishing indussrivhich cause severe environmental and publicthpabblems
[15].

The results related to the metal concentrationsraehation by UV-spectrophotometer are presenteddiscussed
in this paper.

MATERIALSAND METHODS

Description of site

The Sudha reservoir was constructed earlier aisdoib the way to Kinwat road and at Bhokar towagdstern. The
reservoir is situated £45' latitude 78 43’ longitude. The catchments area of the reseisabout 105.67 sq.kms.
Sudha river is emerging from Sitakhandi near Bhaddanded highways. The flow of water is from wigseast in
the direction. The area covered by this projeethisut 175.385 hectares. This project is highly btkby several

villages along with entire city of Bhokar. Sevevdlages are benefited by this dam as the watanftiois dam was
used in various sectors.
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Water from the dam is mainly used for the purpdsagoiculture, irrigation, drinking and domesticpdipation. The
water supplies to Bhoker and several villages, niwaa 75,000 peoples get benefited from this dam.

Collection of samples

Total 26 surface layer (0-10 cm) water samples vesiected from different areas of the dam coveratigthe

directions. Water samples were collected in 50(patythene bottles previously washed with deionineder and
rinsed with the sample to be collected from différsites and acidified with concentrated nitricdadiotal 26 top
sediment samples (1-5 cm deep top layer) were aetlefrom different sites of the dam and storegrie-cleaned
polythene bags for processing. Total 60 aquatiotgla. thirty Typha angustifolia and thirtyVallisneria amricana

were collected from different areas of the dam dogeall the directions. These plants were brougtu laboratory
and washed to remove periphyton, dust and sedip@etitles. The material was stored in polythenesbag

Preparation of samples

Water sample (500 ml) was heated and reduced tarl08ediment samples were dried, powdered anagied0
gm soil samples were digested with a mixture ofcemtrated nitric acid (35 ml), perchloric acid rt8) and
sulphuric acid (2.5 ml) at 75 — 8C for 4 -5 h on heating mantle till a clear solatie obtained. The plant materials
were was sorted out in terms of roots and leagddfor 8 to 10 days and heated in an oven at’C1dhe dried
samples were grounded using mortar till finely gowder was formed. The dried samples of root aafl were
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weighed accurately and dissolved in nitric acid @edchloric acid in the ratio 3:1. The resultingxtares were
heated till a clear solution is obtained. The votuai each of the digested water, soil and plantpbasrwas then
made up to 100 ml with deionized water and kepafualysis.

Estimation of Metals

Standard procedures were used for quantitativemastn of metals Cr, Cu, Fe, Mn and Se by UV-
Spectrophotometer. Chromium estimation was donesiiphenylcarbazide method at 540 nm, copper by
neocuproine at 457 nm, iron by thiocyanate at 510nmmanganese by persulphte at 545nm, selenium By 3,3
Diaminobenzidine method at 420nm and zinc by Dah& method at 535nm. All analysis were done plitate

and one blank was included for the final analysis.

RESULTSAND DISCUSSION
Trace metals in water
Results of metal concentrations with standard dieviaof the study area from water were presenteithéntable 1.

The water sample around the plants reveals thet fhe considerable concentration of metal iorepkchromium
and selenium.

Table 1: Heavy metal accumulation in water from Sudha dam (n = 26).

Elements| Concentration (mg/|) Standard Deviatjon
Cr 0.002 0.154
Cu 0.025 0.172
Fe 0.07: 0.1%4
Mn 0.06¢ 0219
Se 0.009 0.180
Zn 0.63 0.236

Chromium
The concentration of Cr was found about 0.002 rngrh the Sudha dam water. The concentration ofrahum in
water during the period of study remained belowMHgO maximum allowable concentration of 50 pg/l.

Chromium naturally occurs in rocks, animals, plassil, and in volcanic dust and gases. It comeseweral
different forms including trivalent chromium andxavalent chromium. Trivalent chromium is ofterereéd to as
Chromium (Ill) and is an essential nutrient for tay. Hexavalent chromium, or Chromium (V1), is'geally used
or produced in industrial processes and has bemomgrated to be a human carcinogen when inhaled.

The natural total chromium content of surface waterapproximately 0.5-2 pg/liter and the dissolebcbmium
content 0.02-0.3 pg/liter [16].

Copper

Copper is reddish, odorless metal. Most animalsiregqcopper for certain biological processes. Tresent study
and analysis was undertaken for the determinatidheoconcentration of copper of Sudha dam, Malmatas. The
concentrations of copper are shown in the tabl@éapper is rarely found in unpolluted water, althotigace amount
are sometime found in very soft, acidic moorlandens

The water samples of River Sai and collected fremdifferent sites at Rai Bareli for the pre-monsperiod and
after the onset of monsoon. He observed the maxiroopper concentration in pre and after onset of smon
0.125 and 0.120 mg/L at sampling site no. X respelgt The minimum copper concentration 0.060 an@B0
mg/L at sampling site No.VIl and Il respectivelyoiper metal was present in moderate concentraitioRs/er Sai
water which may prove toxic to plants and algag.[17

The seasonal variation in heavy metal contentwefrianga at Varanasi. Copper and its compoundsbageitious
in the environment and hence frequently found irffase water. The concentration of copper varyirmgrflowest
values of 1.04 to 3.24 ug/L at University and Bhiadghat (water intake point). Highest values df 8 6.0 pug/L at
Rajendra Prasad ghat and Rajghat. Copper with marirralues in summer season (2.99 to 6.0 pg/L) anthmam

during the rainy season (1.04 to 3.70 ug/L) [18].
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Iron

During this study the average concentration of in@s recorded 0.072 mg/l. Surface waters genecalyain less
than 1 mg/l of iron. Some ground waters and acitase drainage may contain much higher levels af.iiWater
containing more than 2 mg/L iron cause staininglothes (while washing) and porcelain, and impartsitter
astringent taste.

The water samples collected from different sites Gddavari river analyzed for various physico-chehic
parameters and heavy metals. They observed maxinmneoncentration 13.6 pg/L at Thryambakeshwars{iilg
sampling station and minimum of 4.2 pg/L at Gangak{Parbhani) sampling station (in Maharashtra).[19

One of the work on the metal contents such as iomialt, nickel, manganese, lead, zinc and coppsne w
determined from the fresh water resources of reracde@ from Radhanagari forest. The iron conterthéinwater
resources from study area ranged from 0.018 pgh.28 pg/L. The highest iron content was recordeshepling
site H that is at Gidhadache pani, which is sedssimalow water body present at higher platue negib Dajipur
forest [20].

Manganese
The present study and analysis was undertakerhédétermination of the concentration of mangarfiesa the
Sudha dam. The average concentration of mangareséwnd to be 0.069 mg/l.

One research work [21] on river Beas has beenedudir trace metals in 470 km stretch from ManmalPbngdam.
Observed the manganese concentration ranged fi@di @1g/L at Pongdam (Downstream) to 0.580 mg/L ahti
(Downstream) sampling station. The higher contationeof trace metals was found downstream of Mandy be
due to untreated or partial treated sewage or diieneaste discharge into the river itself.

Selenium
The concentration of Se was found about 0.009 frg#th the Sudha dam water. The concentration ofrofum in
water during the period of study remained belowMigO maximum allowable concentration of 10 pg/l.

Selenium is an essential nutrient at low levelse Hvels of selenium in groundwater and surfacemange from
0.06 to about 400 pug/litre (5-7); in some areasglte in groundwater may approach 6000 pg/litre (8).
Concentrations increase at high and low pH aswtreconversion into compounds of greater soltiih water.
Levels of selenium in tap water samples from pubiter supplies around the world are usually mesis than 10
pg/litre [3]. Drinking-water from a high seleniumea in China was reported to contain 50-160 pe/litr

Zinc

During this study the average concentration of ziras recorded 0.63 mg/l. Zinc tends to be foundrily trace

amounts in unpolluted surface waters and groundigsatdowever, it is often found in domestic supples a result
of corrosion of galvanized iron piping and tanksl atezincification of brass fittings. The concerntmas usually
found in drinking water are unlikely to be detrinerto health. Zinc has a threshold taste at apprately 5 mg/L

and can also cause opalescence above this valle [22

Some researcher [23] carried the work on Ramgainga water in a 25 km stretch at Moradabad has Istedied

for pollution with special emphasis on toxic metdlging winter, summer and rainy seasons. Theyrtepahe
maximum zinc concentration 0.752 mg/L at Katghaid@e downstream during winter and summer seasods an
minimum 0.246 mg/L at Agwanpur downstream in bdid $easons. The zinc concentration was not vety hig

Trace metals in sediment

Table 2 represents the concentrations of variouslméuring the study period from the sedimentshef Sudha
dam. The average concentrations of Cr, Cu, Fe,3¢mand Zn were 0.006, 0.98, 1.21, 1.34, 0.012 at®irdg/gm.
The order of heavy metal accumulation in sedimegd ¥n > Mn > Fe > Cu > Se > Cr. The data indidadé¢ zinc
was maximally accumulated in the dam sediment wasrehromium got least concentrated.
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Table 2: Heavy metal accumulation in sediment from Sudha dam (n = 26)

Elements| Concentration (mg/gny) Standard Deviation
Cr 0.006 0.018
Cu 0.98 0.370
Fe 1.21 0.531
Mn 1.34 0.56:
Se 0.012 0.142
Zn 2.13 0.366

The data from Table 2 reflect that the sedimenmfisudha dam contained significant amount of heaetals.
Sediments acts as the most important reservoiinkras metals and other pollutants in the aquaticimnment. In
general, metal concentration in the sediment irsggawith the decrease of particle size and incredsgganic
matter content [24]. Contaminated sediment canecdesrease in the ecosystem biodiversity and atffiecaquatic
system’s food chain. The organisms of food chawehzeen used as biomarkers in assessing levelntdmmiants
in sediments [25].

Trace metals in Aquatic weeds

Similar analysis as that of water and sedimentieduwut for two aquatic weeds from the Sudha ddietble 3 and 4
shows the concentrations of different metals int @@d leaf of thelypha angustifolia and Vallisneria anricana.
The accumulation of all the metal ions is highesthie roots. The concentrations of the metal ionot and leaf
are compared and the order Tgppha angustifolia is:

Root: Fe > Mn > Zn > Cu > Cr > Se.
Leaf: Zn>Mn > Fe > Cr > Cu > Se

The order foiVallisneria anricana is:

Root: Fe > Zn > Mn > Cu > Cr > Se.
Leaf : Zn>Fe >Mn > Cr>Cu > Se

Table 3: Heavy metal accumulation in Typha angustifolia parts from Sudha dam (n = 30)

Elements - Root — - Leaf —
Concentration (mg/k( | Standard Deviatic | Concentration (mg/ki | Standard Deviatic
Cr 0.23 0.263 0.17 0.115
Cu 0.71 0.322 0.11 0.112
Fe 1.93 0.616 0.54 0.235
Mn 1.42 0.573 0.62 0.364
Se 0.017 0.145 0.009 0.093
Zn 1.2¢ 0.5€1 0.74 0317

The metal mobility within the plant was in the deisding order of Zn>Ni>C>Pb. Zinc is an essentialh@tnt for
plant metabolism [26].

Some researchers [27] mentioned that the accuronlafi metal ions in various parts of aquatic mabgbes is
often accompanied by cellular changes which detise metal tolerance capacity of the plants. Thesqre
investigation shows that the biomass ofypha angustifolia and Vallisneria amricana is an effective and

inexpensive adsorbent for many toxic metals iortse Plants can be used to purify the water from siriail
effluents.

Recently, there has been growing interest in tleeaismetal-accumulating roots and rhizomes of aquat semi
aquatic vascular plants for the removal of heavyatsefrom contaminated aqueous streams. For examgaler
hyacinths (Eichhornia crassipes), pennywort (Hydtge umbellate) and water velvetzplla pinnata) [28] take up
Pb, Cu, Cd, Fe and Hg, from contaminated solutions.
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Table 4: Heavy metal accumulation in Vallisneria amricana partsfrom Sudha dam (n = 30)

Elements Root Leaf
Concentration (mg/kg]  Standard Deviatipn ~ Conceioingmg/kg) | Standard Deviation

Cr 0.16 0.182 0.12 0.093
Cu 0.63 0.293 0.09 0.074
Fe 1.71 0576 0.52 0.219

Mn 0.94 0.468 0.43 0.155
Se 0.012 0.113 0.008 0.061
Zn 1.13 0.491 0.83 0.321

Floating wetland plants seem to be an exceptioaumthey accumulate Cu to higher levels of 3AGaND0 mg/kg
in duckweed, 6000 to 7000 mg/kg in water hyacir2®],[ 2500 to 3000 mg/kg in bacopa [30] and 100009600
mg/kg in watercress [31].

A significant database exists describing the bioaudation of various contaminants by algae and omuysics.
These are used in ecological survey as in siticatdrs of water quality due to their ability to anwlate chemicals,
and to the fact that they comprise the largest bgsmn wetlands and are immobile. The bioaccununatbility of
macrophysics has been studied in the field and¢&bry for metals [32, 33] and pesticides [34].

CONCLUSION

Now a day the discharge of industrial effluentstaoring heavy metals into aquatic ecosystem hasrbea great
concern in many major cities of India. The preseméstigation shows that these aquatic plants eir tmajor parts
absorb metal ions including toxic metal ions. Aligb these weeds are notorious, these are usefukfooving
toxic metal ions and hence can be used in contteligy to minimize pollution hazards in industrifflents.
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