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ABSTRACT

The study was carried out to assess the qualityafind water in and around Dindigul region, Tamitha India.
Twenty three groundwater samples were taken frabdne wells with necessary precautions. All theugdwater
samples were subjected to analysis of physico-adanuiarameters and heavy metals. Each parameter was
compared with the standard limit prescribed by WeélO. The analyses show that Cl and Ca are the damhin
anion and cation, respectively. The average abundarder of heavy metal contents in groundwaterpdasnare
Fe> Pb> Cd> Cr>Mn>Zn>Cu. The value of zinc, iron dnmanganese are below the permissible limit in all
groundwater samples. But the value of chromiumd laad cadmium are exceeded the permissible limfewn
groundwater samples. The statistical parameterdhsag mean, variance, standard deviation and caeiefit of
variation are calculated. Pearson’s correlation efficient for physicochemical parameters and heaeyals were
worked out. EC, TDS, Cl, Na, Ca and F are signifibacorrelated (0.61<r<0.99). The strong correlati between
EC and TDS (r = 0.99) indicates a common chemiehldvior.
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INTRODUCTION

Water is an important parameter for the developr&any nation as it is directly related to growttthe economy
[1]. Over past few decades it has been observedhbahortage of freshwater is gradually incregsine to parallel
demanding of clean water in agriculture, domegtit iadustrial units [2,3].

Groundwater is the main source of potable wateplyufor domestic, agricultural and industrial uskss under
intense pressure of degradation and contaminatienta urbanization, agricultural and industriabtetl activities.
Improper wastes disposal and unscientific anthrepémactivities over the years have adversely stbthe surface
and groundwater quality. The major problem with ¢gmeundwater is that once contaminated, it is \@ffjcult to
restore it. The human activities like industriatina, urbanization and domestic activities, whiakeb affecting
water quality and leads to large scale water potuf4].

Agricultural practices and industrial activitieschuas mining, battery manufacturing, plating, cecamglass,
leaching from landfills and tannery effluents wastee the main sources of heavy metal in waterdsg@i-7]. It is
very difficult to find the reason for degradatioihveater quality.

The existence of strong correlations among variaader quality parameters and their combined effafct
interrelatedness indicate the water quality. Tléstcal analysis of water quality parameterseimts of correlation
and regression also provide necessary clue foremehtation of rapid water quality management prognas [8].
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Several studies [9-12] have been undertaken basethtstical analysis and assessed the qualigyafndwater in
different places. Therefore it is always a need e@ttern to protect and manage the quality of gilouater based
on the above aspects of groundwater contamination.

Dindigul is the headquarters of Dindigul distrista rapidly growing city and is one of the well Wwroplaces for
tannery industries [13]. Most of the tannery urte located in the central part of the town anc@®adurai,
Vattalagundu, and Ponmandurai roads. During the fepasdecades, the groundwater is being contamingiteng
rise to health problems and epidemic [14].

In fact, the processing of leather requires a lampeunt of freshwater along with various chemicale water table
is deep due to over exploitation for irrigation aadning purposes through dug wells, dug — cum baks and
bore wells [15]. When the untreated tannery efftseare discharged into the groundwater for a pggonperiod,
seriously affect the groundwater quality of thatdlity. The effluents discharged from the tannepefiute the
groundwater permanently and make it unfit for dimgkand irrigation purposes. The groundwater regimepper
Balar basin, Tamilnadu has been highly contaminatexveral locations due to discharge of effludérdm a large
number of tanneries.

The leather tannery operations around the Dindégal polluting the Kodaganar river and threatenisguse for
domestic, irrigation and general consumption.

Hence the present study has been undertaken tstigate the quality of groundwater and correlatioefficient of
the various physico chemical parameters.

Description of the study area

Dindigul area is a hard rock, drought prone regiod is situated in the Dindigul district of Tanattu, India. It lies
in between 1813 - 1°26 north latitudes and 733 - 78°01' east longitudes. It covers an area of about 240 khe
highest elevation (altitude) in the hilly area (Bivalai hill) is of order of 1350 m. But it varieson 360 m in
Southern portions to 240 m in the Northern partshef area. Runoff from precipitation within the imaends in
small streams flowing towards main river Kodagafi&e average annual rainfall is in the order of.8I8m during
the year of 2010 - 2011 [16].

MATERIALSAND METHODS

In this study, bore wells frequently use by the lfmuls surveyed and analyzed for physical, chemaa heavy
metal characteristics of water for the safe drigkimater source. 23 ground water samples were tetleduring
November 2012 from different bore wells in and abWDindigul Town, Tamilnadu. The sampling places a
referred as stations (S1 — S23). The stations @mndidul central bus stand (S1), Dudley school (S2ihdigul
government hospital (S3), St. Mary’s school (S4stEgovindapuram (S5), Dindigul taluk office (SBlariamman
kovil (S7), Begambur mosque (S8), District treasaffice (S9), Annamalai mills girls HSS (S10), Gowment
industrial estate (S11), Railway station (S12),G#np office (S13), MSP School (S14), St. JoseplpliyS15),
Cauvery water tank (S16), Chatra kulam (S17), Wadtok Nagar (S18), K.K Nagar (S19), Rockfort (S20),
Paraipatti (S21), Poochinaickan Patti (S22), Blparam (S23). The water samples are subjectduetanalysis of
physico-chemical parameters as per the standarceguoe [17]. The obtained results are compared thieh
standard values for drinking water quality providedthe World Health Organisation [18]. The Pearsorrelation
analysis has been carried out to find out cormafatdr groundwater quality parameters.

RESULTSAND DISCUSSION

The groundwater samples were collected in and ar@indigul town, Tamilnadu, India. The statistisca@immaries
of physicochemical parameters are tabulated in€Tdbdnd the Pearson Correlation analysis for pbgkiemical
parameters with heavy metals are shown in Tablh8.experimental results are discussed and compdtiedhe
limits recommended by WHO.

Physico chemical parameters
The pH values are found to be in the range of 7.085 [Table 1] for the groundwater samples. Thestof the
groundwater samples are found to be within the femible limit of WHO (6.5-8.5). The electrical camdivity
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values are recorded within the range of 0.69 - W8&@" for the groundwater samples. The value of thel tota
dissolved solids lie between 442 and 998 mg/l. Malbies are found within the permissible limit of0D5mg/l for
all the groundwater samples.

Figure1: Location map of the Study Area

Fig-1 Location Map of the Study Ares |
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Carbonate values are not found in the groundwaerpte, this may be due to the low pH value [19]eTh
bicarbonate values are recorded between 123 andhgjd§Table 1). The values of chloride are foundtie range
of 103 - 258 mg/l. Most of the groundwater samplesshaving chloride within the permissible limis@mg/l).

The value of sodium and potassium are recorded #06rto 96 mg/l and 0.12 and 0.25 mg/l for the gowater
samples respectively. Sodium and potassium valeegoand within the permissible limit of WHO in ntosf the
groundwater samples.

The calcium and magnesium values are recorded bat®é and 220 mg/l and 48 and 95 mg/l respectifelyhe
groundwater samples. Calcium values are excedtiegrescribed limit of WHO (200 mg/l) at statiod 8ut
magnesium values are found within the permissiohét lof WHO (150 mg/l). The values of fluoride afeund in
the range of 2.47 and 5.26 mg/l for the groundwsaenples. The fluoride values are exceeding thaigsible limit
of WHO (1.0 mg/l) in most of the groundwater sarsple
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Sulphate occurs naturally in water as a resuleathing from gypsum and other common mineralsTB§ sulphate
values are found between 42 and 97 mg/l for theigpwater samples. The values of phosphate aredextor
between 0.01 and 0.06 mg/l for the groundwater $sssnprhe highest value (0.06 mg/l) is at station Bdi
minimum value is (0.01 mg/l) at station S11. Botifphate and phosphate values are found within gmigsible
limits of WHO.

The DO values are recorded in the range of 0.2&a®/l. Low value of DO is indicating high deoxygeion in the
groundwater which may be due to biological decorntjposof organic matter. The BOD values are recdritethe
range of 48 to 150 mg/l for the groundwater samplé®e values of COD are found to be in the rang@9of 95
mg/l for the groundwater samples. Both BOD and C@ilues are exceeded the permissible limit suggdsyed
WHO in all sampling stations. This indicates tha groundwater is highly polluted with both oxidiE organic
and inorganic pollutants [20].

Heavy Metals
Presence of heavy metals in groundwater iiecidy related to soil characteristics ortanpogenic activities
that determine the rate of water movement [21].

The values of Zinc are found in the range of 0®0.06 mg/l for the groundwater samples. The highakie of
zinc (0.06 mg/l) is observed at S5 and the lowedties (0.01 mg/l) is observed at S6. The maximunmyssible
limit of zinc is 5 mg/l. The values of zinc are fal below the permissible limit of WHO (5 mg/L) il #éhe
groundwater samples. The cadmium values are faurklei range of 0.02 to 0.15. The cadmium valuesaétgn
the permissible limit of WHO (0.1mg/l). The cadmiwalues are slightly exceeding the permissibletliofiWHO
(0.1 mg/l) in the sampling stations S6, S7, S8, &1d S16.

The values of chromium are found to be in the rasfg@02 to 0.12 mg/l for all the groundwater sa@split is clear
that the chromium concentrations in groundwaterpasnare exceeded the maximum permissible limivéfO
(0.05 mgl/l) in few sampling stations. The excesslwbmium at few sampling stations may be due épage of the
tannery effluents which are located nearer to dneé¢ries.

The copper values are found within the range betm@®01 and 0.06 mg/l for the groundwater samflke.values
of copper are found within the permissible limit WHO (1.0 mg/l) for all the groundwater samplescdipper
present in higher amount (above 0.05 mg/l), it gigstringent taste to water and causes discolaratid corrosion
of pipes, fitting and utensils. The iron values s@eorded between 0.02 and 0.17 mg/| for the grovaer samples.
The iron values are found within the maximum pesibig limit of 0.3 mg/l prescribed by WHO for alhd

groundwater samples.

The values of manganese are found between 0.00.88dng/l for the groundwater samples. According\dO,
the maximum permissible limit of manganese is 0g/IniThe manganese values are not exceeded irhall t
groundwater samples in the study area. The valdeadfis found between 0.02 and 0.17 mg/| for tteugdwater
samples. The maximum value of lead is found at &id minimum value is found at S5. In this studysifound
that the value of lead is exceeded the permiskibleof WHO (0.01 mg/l) in all the groundwater splas.

Correlation Analysis

Pearson’s correlation analysis is applied for thki@s of physicochemical parameters and heavy m€lable 2).
EC, TDS, Cl, Na, Ca and F are significantly coniestia(0.61<r<0.99). High positive correlation is eb&d between
Na" and CI (r = 0.94) virtually in all the groundwater samgldhe strong correlation between EC and TDS (r =
0.99) indicate a common chemical behavior. Majemants such as Na, Cl and Ca are significantlyetabed with

EC (0.60<r<0.67). Fairly good correlation is olvser for Cl and Ca with HC{Xr =0.8). K and N@show less
positive and negative correlation with EC (r=0.081 a=-0.2). A strong correlation is observed foaKd NQ (-
0.55), PQ and NQ (-0.61),Mn and SQ (-0.74)and Cd and N©(-0.56). Znshows moderate correlation with Fe
and F (r=0.75). The pair having very high positbegrelation between them shows the dependencyeparameter
on the other and the pair having very negativeatation between them shows inverse relation betwheem.
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Table 1 Statistical summary of physicochemical parameters

pH EC TDS COs* | HCO3 Cl- Na' K* Ca® | Mg® | NOy | so” | PO | F DO | BOD | COD

Min 7.02 | 0.69 442 - 119 103 20 0. 74 48 0.02 42 010] 24 0.2 48 25

Max 7.65| 1.56 998 - 186 258 96 0.2 22 9% 0.p9 947 .060[ 5.2 0.6 150 95

Mean 7.25] 1.070] 691.56 - 142. 136 41]5 d.1 128.16.07 0.05 63.4| 0.031 34 0.3 89.7 44)5

Std. dev. 0.17] 0.217 140 - 20.3 44. 2319 0|02 39.815.2 0.02 16.8] 0.013 o049 0.1 30.1 21)1

Std. err. of mean|  0.03  0.04% 29.19 - 4.7 9.311 4.9.01 8.3 3.187] 0.004 35 0003 0.18 o0p2 6.285 044

Variance 0.03] 0.049 19599.98 - 4126  1993.8 5711.301 ¢ 1587.8] 233.6 0.0 282.8 0. 0. 0.p1 90B.4 446.

Range 0.63] 0.87 556 - 67 155 74 0.14 146 47 0j07 550.05 2.7 0.4 102 70

Table 2 correlation matrix of various physicochemical parameter swith heavy metals
pH EC TDS HCO3 Cl Na K Ca Mg NO3 S04 PO4 F DO BOD CcoD Zn Cu Fe Mn Cr Pb Cd
pH 1
EC 0.762: 1
TDS 0.775. | 0.994: 1
HCO3 | 0411 | 0.612¢ | 0.599( 1
Cl 0.353:_| 0.604. | 0.547: | 0.809: 1
Na 05047 | 0.670: | 0.625¢ | 0.769¢ | 0.941¢ 1
K 0.444¢ | 0357t | 0.317¢ | -0.005¢ | 0.376f | 0.408¢ 1
Ca 0.530¢ | 0.673: | 0.647: | 0.836: | 0.826: | 0931 | 0.242¢ 1
Mg 0.363: | 0.303¢ | 0.328¢7 | 0.317¢ | 0.279€ | 0481 | 0.367. | 0.629! 1
NO3 | -0.101¢ | -0.223¢ | -0.2227 | 0.048. | -0.317¢ | -0.337¢ | -0.559: | -0.099: | -0.269¢ 1
S04 0.313¢ | 0583 | 0539 | 0.749¢ | 0.890( | 0.937¢ | 0.400: | 0.889! | 0.520: | -0.352( 1
PO4 0.288¢ | 0.357. | 0.345¢ | 0.031< | 0.233: | 0.143¢ | 0.729. | -0.014< | 0.050: | -0.6197 | 0.166¢ 1
F 0.405¢ | 0.464¢ | 0.543¢ | 0.416¢ | 0.064 | 0.173( | -0.106: | 0.320( | 0.533¢ | -0.236% | 0.203¢ | 0.108: 1
DO 0.021¢ | -0.311% | -0.333¢ | -0.324¢ | -0.032¢ | 0.077¢ | 0.425; | -0.112¢ | 0.038( | -0.397C | 0.123C | 0.099: | -0.282( 1
BOD | 0520« | 0.682: | 0.661¢ | 0.779 | 0.835: | 0.926( | 0.384f | 0.955¢ | 0.697¢ | -0.336¢ | 0.890( | 0.214; | 0.386: | -0.089% 1
COD | 0597z | 0.749 | 0.7097 | 0.796: | 0.896¢ | 0.935. | 0.527: | 0.926% | 0.560¢ | -0.234. | 0.889% | 0.298 | 0.230¢ | -0.080¢ | 0.937( 1
Zn 0.202¢ | 0224, | 0.295¢( | 0.110f | -0.176¢ | -0.160; | 0.113. | 0.005: | 0.512¢ | -0.131C | -0.090: | 0.328: | 0.758% | -0.417: | 0.1327 | 0.073: 1
Cu 0528 | 0211¢ | 0.277: | 0.216% | -0.009C | 0.041f | 0.025. | 0.057C | 0.250. | -0.152] | -0.082¢ | 0.050: | 0.672¢ | 0.040: | 0.080C | 0.064¢ | 0.521¢ 1
Fe 0.129¢ | 0.1387 | 0.233¢ | 0.1137 | -0.306¢ | -0.225( | -0.345: | -0.061< | 0.303. | -0.080: | -0.154 | -0.055¢ | 0.908% | -0.267. | -0.018( | -0.181¢ | 0.750: | O0.653¢ 1
Mn 0.110¢ | -0.350¢ | -0.2867 | -0.259¢ | -0.612( | -0.627( | -0.372% | -0.511< | -0.236 | 0.441¢ | -0.746¢ | -0.212¢ | 0.182¢ | -0.115¢ | -0.561¢ | -0.541f | 0.311f | 0.616: | 0.420: 1
Cr 0.069¢ | -0.150¢ | -0.165% | -0.465( | -0.306( | -0.210¢ | 0.225;. | -0.351¢ | -0.330¢ | -0.041¢ | -0.151« | -0.009. | -0.314¢ | 0.743¢ | -0.431¢ | -0.306. | -0.4267 | -0.030+ | -0.182¢ | 0.034¢ 1
Pb -0.103% | -0.337¢ | -0.373¢ | -0.343 | -0.2237 | -0.123t | -0.068. | -0.156¢ | -0.242¢ | 0.411: | -0.116¢ | -0.569¢ | -0.565: | 0.530( | -0.368¢ | -0.246¢ | -0.644: | -0.217¢ | -0.428¢ | 0.036¢ | 0.728: 1
Cd -0.188Z | 0.133¢ | 0.089¢ | 0.233¢ | 0.549( | 0535¢ | 0.511: | 0.406¢ | 0.455. | -0.566¢ | 0.727¢ | 0.259: | 0.013¢ | 0.314: | 0.494¢ | 0.491¢ | 0.023¢ | -0.229¢ | -0.164 | -0.772% | -0.005. | -0.056; | 1
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CONCLUSION

In the present study, the Statistical assessmegtafndwater quality of Dindigul town is carriedto&rom the
analysis, it is concluded that the condition of gneundwater is critical and may be affected byitidustrial and
anthropogenic activities. Decreasing trend of fiderand DO and increasing trend for BOD and CODthef
groundwater is observed from the present studys Tudicates the contamination of groundwater in tnpasts of
Dindigul town. Trace element like Pb is exceedimg prescribed limit of WHO in all the groundwatangples. The
heavy metals like Cd, and Cr are also slightly eroeg the prescribed limit of WHO at few samplingti®ns.

Correlations between major ions show expectedioelstiip between Naand Cl (r = 0.94); EC and TDS (r = 0.99);
Cl and Ca with HCQ(r =0.8); Ca and S{£(r=0.88) Mg and Ca (r=0.63), derived mainly froine tgeochemical and
biochemical processes within the aquifer. The mmorelation of the ions likes NQ Cr, Pb and Cd with pH has no
significant effect over the groundwater composition
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