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ABSTRACT

The ground water pollution was studied in the soil samples collected around the municipal solid waste (MSW) open
dumpsite, Dharapuram, Tirupur District, Tamilnadu to understand the heavy leachate migration from an open
dumping site. The dump site receives approximately 33 to 40 tonnes of municipal solid waste per day. Ground water
samples were collected in and around the solid waste dumping yard and analyzed for their physico- chemical
characteristics to ascertain the extent of groundwater pollution through leachate migration. The data discussed in
this study shows that sampling stations $4 and S5 were highly polluted due to the migration of leachate into ground
water. Currently, the well and bore well were not used by the concern land owner. Indiscriminate dumping of
municipal solid waste without proper solid waste management practices should be stopped or some remedial
measures were required to be adopted to prevent contamination.
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INTRODUCTION

The management of MSW is going through a crititedg®, due to the unavailability of suitable faigttto treat and
dispose of the larger amounts of MSW generated/ daimetropolitan cities [1]. Improper MSWM actiis can
deteriorate our living environments and eventutiibgaten the public health. An indiscriminate dumgpdf wastes,
on one hand, can contaminate the soils as welleasurface and ground waters. The solid wasteslogrthe drain
systems, which in turn creates stagnant water rfsedt breeding or causes flooding during the raegsons.
Ground water plays a vital role in meeting the wakxrjuirements of people. The rapid industrialatiand

urbanization makes the groundwater susceptibleotioitppn. Ground water which was once considereth¢overy

pure is now getting deteriorated due to increasedan activities. The main problem arises from tha that the
aquifer is used as a ground water resource asasellwaste disposal medium. Landfills have beemtifted as one
of the major threats to groundwater resources (@] only in India but throughout the world. This t¢tbate

accumulates at the bottom of the landfill and pkates through the soil and reaches the groundwAteas near
landfills have a greater possibility of ground wat®ntamination because of the potential polluttmurce of
leachate originating from the nearby dumping $Stgch contamination of groundwater results in a tsuibigl risk to

local groundwater resource user and to the naamaronment. The impact of landfill leachate on Hweface and
groundwater has given rise to a number of studiesecent years and gained major importance duedstid

increase in population [3].
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Thus, generation of solid waste in urban areas sb&ious result of human activities. Natural growt population,
classifications of habitation and migration trelads common in urban populations. Urbanization i hecoming a
global phenomenon, but its ramifications are maompunced in developing countries. This urbanizgteconomic
growth, and improved living standards in cities tedan increase in quantity and complexity of gatest waste.
This increase induces unhygienic conditions orstivéace and also affects both the surface and gralerd quality
of water to an alarming extent [4].

At present there is no data available on groundemguality of Dharapuram Municipality, Tirupur Dit,

Tamilnadu, India. Hence, Dharapuram Municipalitgnfr Tirupur district, Tamilnadu has selected as csgady
region for this paper. Due to the dumping of theuad 33 MT/day of municipal solid waste in opendfilharea, it
generates leachate and it will pollute the grourdewquality. So the quality of ground water waalgred in and
around the Dharapuram dump yard region and enkarground water quality.

MATERIALSAND METHODS

Ten ground water samples from well and bore wellenmllected during the month of May and DecemBeL3 at
various places around the Dharapuram dumping sitiginva radius of 25m to 200m. The water samplesewe
collected in one litre container after thorough kiag and rinsed with sample water. The samples warebered
and stored in laboratories for further analysise $amples were collected at different directiors ianovers all the
direction of the dump site and one bore water samyds collected within the dump site area. The famp
locations of the ground water were shown in Tablel.

Table 1 Ground water sampling locations

Bottle No. L ocation Well/ Bor ewell
S1 North East Well
S2 North Borewell
S3 East well
S4 Soutt Borewel
S5 South Wes Borewel
S6 North West well
S7 West well
S8 South East well
S9 Dump Site areg Bore

S10 East Well

The collected water samples were analyzed the pbngdiemical parameters such as pH, Electrical Cetidty,

Total Dissolved Solids, Turbidity, Total Hardne€slcium, Magnesium, Total Alkalinity, Nitrate, Nie, Chloride,
Sulphate, Sodium, Potassium, Iron, Copper, Zinad,|eNickel, Cadmium, Chromium, Silicates, COD and[B
based on the standard procedure APHA 2012.

RESULTSAND DISCUSSION

To assess the state of the quality of ground wiatéine vicinity of landfill site, water samples frothe existing
water sources in and around the Dharapuram dispitsat varying distances from the boundary ofdisposal site
were collected and analyzed for physico-chemicaratteristics during Summer (May) and Winter (Delsern
seasons of the experimental study period and thétseof which are shown in Table 2 and 3 respeltiv

The water samples were collected from the ninegslaround the dumpsite and one sample from théeirgimp
yard area. The samples were collected both wetlsbane wells in and around the dump yard for begsens. The
field testing kit was taken to the sampling sites #he important Insitu parameters such as temperatlectrical
conductivity (EC), pH and dissolved oxygen (DO) weested at the site itself. Then samples wereedtor

laboratory for further studies.

3.1pH

The pH of the water samples were ranged betweeo7832 pH at May month and 7.2 to 8.4 pH at Deocamb
Month. The pH values of the samples were in thaledk range both during summer and winter seasbims.pH
values were within the prescribed limit of drinkingiter quality standards. While comparing the ksgthsons, there
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was a slight increase in the pH during the wingassn, it may be due to the sampling after theyre@ason may
leads to the dissolution of ions from the leachateéo ground water. It was observed that the samfié and S5
were collected at south and southwest directiorthef dump yard shows higher alkaline value than dtier
samples.

3.2 Electrical conductivity

The EC values varied from 5260 to 7248 ps/cm insémmples analyzed during summer season and frof 496
7500 ps/cm during winter season. Electrical conditgtgives an idea about the concentration of iamsolution
that determines the quality of water for drinkingddrrigation purposes. The sample S4 shows higi@wralue at
both seasons. It was noticed that groundwater sssgalllected at S4 station contain more solubls.sal

3.3 Total Dissolved Solids

The BIS and WHO standard fixed for the TDS in thieugd water is 500 mg/l. But unfortunately, theues
observed during the May and December month were fug all the stations except a few. The TDS wawyed
between 2365 to 6700 and 2100 to 6800 mg/l for Miag December months respectively. The EC values hav
linear relationship with the TDS values. The sa# has high TDS among all the samples.

As per both the standards, water containing moea th00 mg/l of TDS is not considered to be desirdbt
drinking water supplies. High TDS value in watemgdes may be due to leaching from the waste intogttound
water. To ascertain the suitability of groundwafter any purposes, it is essential to classify tmeugdwater
depending upon their hydrochemical properties basettheir TDS values [5]. The high concentratiohslissolved
solids in the groundwater may decrease the paléyabhd may cause gastro-intestinal irritationhioman and
laxative effect particularly upon transits [6].

Table 2: Ground Water Quality Analysisat May Month of the year 2013

Parameter BIS Standards S1 S2 S3 A S5 S6 S7 S8 9 S10
pH 6.50 to 8.50 7.7 7.7 8.2 7.4 8.1 7.9 7.6 7.8 73 8
Electrical Conductivity (us/cm) - 7248 6800 7041 502 5700 5260 6700 6900 5820 6950
Total Dissolved Solids (mg/l) 500 4600 3986 4241 0®B7 2965 2365 3962 4154 3028 4165
Turbidity( NTU) 5 1 3 1 8 7 2 4 2 3 6
Total Hardness (mg/l) 300 1600 1000 700 2000 200 0 401000 900 700 800
Calcium (mg/l) 75 278 296 353 454 231 234 298 234 932 393
Magnesium (mg/l) 30 140 171 154 372 511 298 175 187140 213
Total Alkalinity (mg/l) 20C 40C 54z 854 34& 36& 45¢€ 32¢ 43t 234 30z
Nitrate (mg/l) 45 2.23 4.78 5.30 6.98 5.35 419 53.0 3.94 5.45 3.47
Nitrite (mg/l) - 0.14 0.18 0.23 0.34 0.36 0.18 0.16 0.15 0.19 0.21
Chlorides(mg/l) 25C 174¢ 159¢ 1657 261¢ 87z 262 168¢ 177¢ 127¢ 174«
Sulphate (mg/l) 200 245 202 189 321 231 78 98 172 87 1 201
Sodium (mg/l) 150 298 301 294 585 389 384 352 302 25 3 382
Potassiun(mg/l) - 23 23 22 34 24 21 23 26 23 20
Iron (mg/l) 0.3 0.42 0.34 1.3 11 0.34 0.3 0.7 0.3 0.45 0.3
Copper (mg/l) 0.05 0.0025 0.0015 0.005 0.01 0.007.040 0.005 0.004 0.01 0.005
Zinc (mg/l) 5 0.001: 0.001f 0.097 0.00z 0.09: 0.04 0.09¢ 0.08: 0.06¢ 0.06¢
Lead (mg/l) 0.05 0.0027 0.008 0.023 0.009 0.043 0®.00.043 0.0064 0.004 0.03
Nickel (mg/l) 0.02 0.01 0.006 0.006 0.03 0.003 0.00.003 0.009 0.008 0.01
Cadmium (mg/l) 0.1 0.003 0.008 0.004 0.08 0.006 08.0 0.007 0.009 0.007 0.006
Chromium (mg/l) 0.05 0.02 0.01 0.01 0.03 0.04 0.020.02 0.01 0.03 0.02
Silicates (as Si®)(mg/l) 0.4to0 25 7.63 6.6 10.1 10.1 5.7 6.78 3.452.73 5.34 6.24
COD(mg/l) 5 4 3 3 6 3 3 4 5 4 2
BOD(mg/l) - 15 1 1.1 1.6 1.1 1.2 1.1 1.3 1.2 1.3

3.4 Turbidity

The turbidity was due to the colloidal fine dispens of suspended solids. Some microorganism midéd a
contribute the turbidity. The Turbidity in the Groiwater was ranged from 1 to 8 NTU and 2 to 8 NdtUMay
and December months respectively. The values shiowre Table 2 and 3 indicated that some bore aredl open
well water samples had turbidity value presentimtange of maximum permissible limit, but somehef samples
S4, S5 and S10 at May month and S4, S5, S7 anddhigh turbidity at December month.
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3.5 Total hardness:

In ground water, hardness is primarily due to pmeseof carbonates, bicarbonates, sulphates andidddoof
calcium and magnesium. If the hardness is less%8ang/| the water will be soft. If the hardnesérsn 50 to 100
mg/l, the water will be moderate soft. If the hagsis from 101 to 200 mg/l and more than 200 rttggl water will
be slightly hard and quite hard, respectively. Tdtal hardness values were ranged between 40000 2@/l at
May month and 300 to 1800 mg/l at December montfaidthe study confirmed the excess quantity otihess
creating cations and anions were present in antchdrthe water samples.

Table 3: Ground Water Quality Analysisat December Month of the year 2013

Parameter BIS Standards Si S2 S3 A S5 S6 S7 S8 S9 S10
pH 6.50 to 8.50 7.2 7.8 7.2 8.3 8.4 7.6 7.3 7.2 7979
Electrical Conductivity (ps/cm) - 7450 7500 7100 002 6250 4965 7100 6850 6100 6500
Total Dissolved Solids (mg/l) 500 4600 4650 4200 0®8 3500 2100 4325 4200 3300 3900
Turbidity( NTU) 5 2 5 3 6 8 4 6 3 6 4
Total Hardness (mg/l) 300 1500 1200 700 1800 700 O 301200 900 600 800
Calcium (mg/l) 75 298 342 376 487 276 212 232 265 75 2 352
Magnesium (mg/ 30 127 162 12¢ 32t 35€ 30z 162 17z 162 201
Total Alkalinity (mg/l) 200 500 672 763 847 564 345 463 543 429 453
Nitrate (mg/l) 45 3.78 4.82 563 7.89 6.78 5 3.092.922 567 883
Nitrite (mg/l) - 0.22 0.1t 0.1€ 0.4: 01: 0.1€ 0.14 0.1€ 0.1z 0.2¢
Chlorides (mg/l) 250 1672 1672 1635 2613 814 293 2117 1672 1365 1625
Sulphate (mg/l) 200 212 232 243 353 254 87 76 14302 1 154
Sodium(mg/l) 15C 234 254 254 432 34¢ 252 321 27€ 254 27¢
Potassium (mg/l) - 22 23 21 32 21 23 21 24 23 21
Iron (mg/l) 0.3 0.3 0.2 1 0.9 0.3 0.3 0.4 13 0.530.3
Copper (mg/l) 0.05 0.0035 0.001 0.03 0.04 0.002 70.00.05 0.04 0.081 0.005
Zinc (mg/l) 5 0.0013 0.0015 0.097 0.026 0.053 0.08.033 0.093 0.029 0.063
Lead (mg/l) 0.05 0.037 0.048 0.03 0.007 0.053 0.068033 0.064 0.093 0.03
Nickel (mg/l) 0.02 0.01 0.006 0.006 0.023 0.003 020 0.002 0.009 0.008 0.002
Cadmium (mg/l) 0.1 0.003 0.008 0.003 0.007 0.00500®. 0.006 0.007 0.007 0.004
Chromium (mg/l) 0.05 0.02 0.01 0.01 0.03 004 0.040.03 0.01 0.03 o0.01
Silicates (as Si©)(mg/l) 0.41t0 25 6.7 6.5 105 104 7.8 5.6 45 46. 35 8.4
COD(mgl/l) 5 3 5 3 7 6 4 2 4 4 2
BOD(mg/l) - 1.2 1.3 1.1 1.5 1.2 1.1 1.2 1.3 1 1.2

It was indicated that S4 have more total hardned4ag and December months and it was followed leyshmples
S1, S2, S7 and S10. The author also was obsereeshthe results in their research [7]. The highress content
in the ground water provides the salty taste amdwtater would not suitable for drinking purposeri@agdture
activity and other domestic activities. Hardnes atontributes to inefficient and costly operatafnwater using
appliances.

3.6 Calcium

The high concentration of Calcium was observed latsamples (S1 to S10) for the both seasons. The Ca
concentration was ranged between 231 to 454 mghMey month and 212 to 487 mg/l for December motitie
values of calcium measured for all the samplesngusummer and winter exceeded the drinking wateit {75
mg/l) recommended by Indian and International statsl Calcium is the third most abundant metahandarth’s
crust. Excess of ca ions causes concretions ikitley and causes irritation and pain in the ugimssages.

3.7 Magnesium

The IS standards prescribed the limit for the preseof magnesium in water is 30 mg/l. But the watamnples
collected over the Dharapuram dump yard crossedirttieand the values were given in the Table 2 8nxdhe
concentration of magnesium ranged between 140 2an8Y1 at summer and 125 to 356 mg/l at winter. €keess
concentration of the magnesium may be due to theofation of leachate into the ground water. Highaentration
of Mg can cause laxative effect in human being.

1.8 Total Alkalinity

The combination of carbonate and bicarbonate ptesethe water sample provides the total alkalin®arbonate
concentration was not present in the water sanguethe bicarbonate concentration was providingctiraplete

contribution for total alkalinity. Samples contaigionly bicarbonate alkalinity have a pH of 8.3ams. In this case
bicarbonate alkalinity is equal to the total alkad. Alkalinity which was found greater than haess could be due
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to the presence of basic salts of sodium and gatassn addition to calcium and magnesium. The t&dard
prescribe the limit for total alkalinity is 200 nhgBut the concentration of alkalinity in sample$ ® S10 were
crossed the maximum permissible limit. The presesfcealcareous materials together with £@eneration in
landfill is the cause of increased carbonate aodrbbnate concentrations.

3.9 Nitrateand Nitrite

The concentration of Nitrate concentration in theugd water samples were recorded as 2.23 to 5gibanMay
month and 3.09 to 8.83 mg/l at December month. grescribed limit for the nitrate concentration & @g/l. The
distribution of nitrate in the ground water in thtedy area suggests that the human waste sounigaié enters the
aquifers, and possibly in the Dharapuram dump ybddh liquid and solid wastes, are sources for ritteate
concentration increase in the study area. Grourgtwatrate contamination may be due to wastewatahdrge,
effluent from on-site sanitation, leachate fromigataste dump sites, and reuse of wastewater figation [8].
High nitrate concentration in groundwater causethamoglobinemia or blue baby disease in infanisyaitary
canal, respiratory and nervous system disordetsT[9 concentration of nitrite in the water samphes present
less than 0.5 mg/I for both the seasons.

3.10 Chloride and Sulphate

The concentration of Chloride was ranged betweeh t862616 mg/l for May month and 293 to 2613 mo# f
December month. The maximum permissible limit fog thloride in water is 250 mg/l. For the both seasthe

values were exceeded the limit prescribed by I8dsted. Chloride occurs naturally in all types otevaAlso it was

observed that, the sources of chloride ions argeelto ionic exchange between the rocks and ezblwater
while recharging the ground water. The most impuarsource of Chlorides in the waters is dischargdomnestic

sewage. Man and other animals excrete very higmtdigs of chloride together with Nitrogenous corapds.

Chlorides in water samples when exceeds the recawi@ddimit of drinking water (IS standard-250 mayild WHO

standard-200 mg/l), imparts salty taste and thisazuse laxative effect. Increase in Cl level jarious to people
suffering from heart and kidney diseases [6]. Isvildustrated that chloride in reasonable concdioimais not

harmful, but it causes corrosion in concentratiabhsve 250 mg /I, while about 400 mg /I it causesaléy taste in
water [10].

Sulphate is a naturally occurring ion in almosttgfies of water bodies. The natural sources ofilin ground
waters include sulfide minerals weathering and ggps&nd/or anhydrite [11]. Sulphate concentratioriegafrom

78 to 321 mg/l and 86 to 353 mg/l for May and Debermmonths respectively. It was observed that sasnp#t and
S5 have more amounts of sulphate concentratiomsttteaother places. Some samples were under theigséle

limit. Sulfate may cause gastro intestinal irritatiat higher concentrations, particularly when’Mand N4 are also
present in drinking water.

3.11 Sodium and Potassium

Sodium concentration was varied from 294 to 585l fiog/summer season and 234 to 432 mg/l for wistmason.
All the samples collected were exceeded the maxirpamissible limit prescribed by IS standards. fremnore,
potassium varied from 20 to 34 mg/l and 21 to 24! fieg May and December months. The minimum coneitn
of potassium was present in the ground water. Than groundwater potassium sources may include waiter,
weathering of potash silicate minerals and appboabf potash fertilizer [12].

3.12 COD and BOD

The concentration of COD varied from 26 to 168 nmig#ummer season and 27 to 134 mg/l in winterseaBOD
concentration ranged from 2 to 17 mg/l in both sweneind winter season. The sample S4 shows high B@D
COD values. High COD value in ground shows the gares of oxidizable organic materials that had leddnom
domestic refuse in the landfill site [13]. The lbate generated at the landfill site carries comaldle amount of
organic matter, percolated through the soil anérextinto ground water showing increase in BOD &alBround
waters free of dissolved oxygen tend to dissolem iand manganese from the geological strata ofathefer
material and also ground waters with depleted oxyg®mote the conversion of sulphate tgSHvhich is highly
obnoxious. High COD and BOD concentration in growvdter samples indicate the presence of organic
contaminants in the water.
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3.13 Heavy Metals

Heavy metals contamination in groundwater has vecegreat attention due to their toxicity and aculative
behavior. . These metals are introduced into thér@mment through weathering of rock minerals and b
anthropogenic activities. The metal ion concerdratiin groundwater collected during month of Mag &ecember
are presented in Table 2 and 3. The toxic effedtdhese elements and the extent of their groundemvat
contamination are discussed below. The concentstad Cu, Zn, Pb, Ni, Cd and Cr in ground watedemtéd
around the dump yard were very low than the peibleséimit. Except Fe and Si, it shows the slightrease in the
concentration than the permissible limit. High iikoncentrations generally cause a bitter and gsnintaste. It also
clogs and pits pipes, discolors clothes and plumfiktures and causes scaling which encrusts gdif&s The high
iron concentration is possibly due to rusty pumpd eeduced condition in the aquifer. For the bathsens, the
samples S4 and S5 show the higher concentratidfeadind Si metals. Water samples from the existiatew
sources collected and analyzed for physico-chemacal biological characteristics during May and Deber
months of the study period showed significant iaseein almost all the water quality parameters gxeefew
parameters. Also the concentration of the heavyalsetas very less in all the samples except FeSantihe above
results showed that majorly the samples S4 and &% wepresent the higher concentration of physkemical
parameters than the other samples. The samplead&mwere collected near the dump yard and clyrém
ground water was not utilized by the owner of tleebwells, it was confirmed by visiting the respestsampling
location and after had interview with the ownerkeTstudy concluded that water quality was detergokran and
around the disposal facility and the existing duitepsas the only and major source of contamination.

CONCLUSION

The ground water samples analysis reports for May Becember month concluded that significant ineeem

almost all the water quality parameters exceptva farameters. Also the concentration of the heaeyalm was
very less in all the samples except Fe and Si. afuve results showed that majorly the samples 84S&nwere
represent the higher concentration of physico chahgarameters than the other samples. CurrehtySé and S5
bore wells were not utilized for domestic purpoddswever, these pollutant species continuously atgyand
percolate through the soil strata in different fayand after certain period of time might contartenthe entire
groundwater system if no action is taken to prevbig phenomenon. This will serve several objestigich as;
reducing the amount of waste produced and dumpinthé landfill and consequently reduces their rieght

environmental impacts. The most new technology timay be applied in this respect, using such wastes source
of raw materials for industrial purposes or to bsoarce for energy production, or as a conditiarsd for the
improvement of soil or conversion of organic wastéo manure and applied for agricultural actidtie
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