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ABSTRACT

It is known that the groundwater quality is impartas it is the main factor determining its suitapifor drinking,
domestic, agricultural and industrial purposes.drder to assess the groundwater quality, 16 grouatdwsamples
have been collected from different places in catédPugalur and uncultivatedPugalur during Janu2@12. The
water samples collected in the stations were amalyfor Electrical Conductivity (EC), pH, Total Didgsed
Solids(TDS), Total Hardness(TH), Total AlkalinifyA), major cation like calcium, magnesium, sodipotassium
and anions like chloride, nitrate and sulphate lie faboratory using the standard methods givenheyAmerican
Public Health Association (APHA, 2005). Water gtyaindices are generally used as a tool to conaderge data
set into a much reduced and informative form. Wataality index (WQI) by weighing arithmetic inderthod is
used to assess the suitability for drinking anégeition purpose. The results were evaluated in etaace with the
drinking water quality standards suggested by therlélV Health Organization and are presented. Chlerid
alkalinity, hardness, EC and potassium were fourckss in most of the samples.The results are adhlyzthe
light of USSL diagram and Piper trilinear plot uginrAquachemsoftware.The Piper diagram showed that th
groundwater was of mixed Ca-Mg-Cl type followed\layCl and Ca-Cl type.

Key words: Water Quality Index, Irrigation water, Drinkingater, Pugalur, Karur

INTRODUCTION

In recent years, the competition for scarce wateources is intense both in India and in many platleover the
world. Groundwater has long been considered awbtiee purest forms of water available in naturd areets the
overall demand of rural and semi-urban people. Afram this, the most important are non availapibf potable
surface water and a general belief that groundwiatgrurer and safer than surface water due to tbeegtive

qualities of the soil cover [1]. On the other hatide development of human societies and industsyltran

bioenvironmental problems; pollution puts the wagér and soil resources at risk [2]. Groundwaseiniportant for
human water supply and in Asia alone about 1.®hilbeople are directly dependent upon these reesy8].

Urbanization and the unregulated growth of the fetn have altered the surface and sub-surfacaiteof many
areas. Changes in local topography and drainagemydirectly affect both quality and quantity oétgroundwater
[4]. Inadequate environmental protection measureal mining, waste dumps, thermal power plan&glssugar
factory, fertilizers and cement plants have resuitesignificant water pollution [5]. Groundwateunaljity depends
on the quality of recharged water, atmospheric ipi&dion, inland surface water and sub-surfacecbemical
processes. Temporal changes in the origin and itatist of the recharged water, hydrological andnlanm factors
may cause periodic changes in groundwater qualitg]|
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Water pollution not only affects water quality balso threats human health, economic developmentsanil
prosperity. The quality of groundwater is equaliypbrtant to its quantity owing to the suitability water for
various purposes [7, 8]. Groundwater chemistryuim,t depends on a number of factors, such as degevtogy,
degree of chemical weathering of the various rgges, quality of recharge water and inputs fromrses other
than water interaction. Such factors and theirad&ons result in a complex groundwater qualifly [9

The Water Quality Index (WQI) integrates complexadi® generate a score that describes the statvatef quality
to the public as well as decision and policy mak&€s16]. Moreover, it may be used for comparing thuality of
different water sources and in monitoring the terapehanges in the quality of water [14, 17]. Ifleets the
aggregate influence of various physical, chemiaat] biological parameters of water quality condiig18]. The
results of the WQI allow the preliminary classifioa of river water for the purpose of various uaesl provide a
benchmark for evaluating management strategiesl@D,The WQI is a unitless number between 0 ar@ ith
the higher value indicating poor quality of wat®ater quality indices have various approaches tiettal
integrating and interpreting variables and havenldesquently utilized for the assessment of watality [20, 21]
The results are compared with drinking water qualtandards laid down by the World Health Orgamizaf22]
and Indian Council of Medicinal Research [23].

Sivakumar[24] quantified that groundwater qualitylee Amaravathi River basin water parameters wevssed the
permissible limits due to industrial and textile@ustrial activities. Similar results were reportad Raja [25], the
groundwater in punnam village of Karur districthighly polluted due to the release of textile indies effluent,
same observation was obtained by Rajamanickamf6ptoundwater quality in the Amaravathi River basias
severely affected by discharge of untreated oiiglgrtreated effluent from the bleaching and dgeimits in Karur.
The aim of the study is to investigate the effaxftshe industrial activities and increase of hunpapulation on
groundwater quality in the region since groundwatesources are widely used for drinking, agricatuand
industrial purposes. The specific objectives of shely are (i) The preliminary investigation anteipretation of
the groundwater quality of Pugalur area and (if}ding the suitability of groundwater for drinkiragnd irrigation
purposes.
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Fig. 1. Map of the Study Area
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Details of the study area

Pugalur area (Fig. 1) lies between latitudes 11°@®N.1.083°N and longitudes 78° 01’ E to 78.017°Tke area
covering lands both in cultivated and uncultivateg&ur. The population of Pugalur is around 55,80@resent,
Tamilnadu newsprint and papers limited (TNPL) an® Farry India Private Limited is the major indust
operating in this area. The temperature varies ft@MmC to 38° C. The average annual rainfall istalf@5 mm in
cultivatedPugalur and 310 mm in uncultivatedPugalthhese areas get most of its seasonal rainfath fthe
northeast monsoon winds, from late September toMadember. The main dominant occupation of the fedap
agriculture and the main crops grown are sugarqaadgly, plantain, yucca or manioc, groundnut, maizéet and
corn.

MATERIALSAND METHODS

SampleCollectionandAnalysis

Sixteen samples were collected for assessmentoafndwater quality during the post monsoon seasanug@ly
2012) from the different deep bore hand pumps whighrepresented in Table 1. Hand pumps for sampliere
selected on the basis of industrial unit as wellifferent land use patterns. Groundwater sampks® wollected in
clean polyethylene bottles. At the time of samplihgttles were thoroughly rinsed two or three tinweish
groundwater to be sampled. The water samples walected after flushingwaterfor 10-15 minutes tonove the
stagnant water as per standard procedures [27].

Water temperature was measured on the site usingreury thermometer while other parameters wererdgeted

in the laboratory within 48-72 h of the samplingjdwing the standard methods [23, 28]. The sample filtered
using 0.45 um Millipore filter paper and were stbie 4° C before analysis. Hydrogen ion concerdra{pH), EC
and TDS in water samples were analyzed with pH/E&TBenchtop meter (Elico PE 138 Water quality
analizer).TH, Calcium and Magnesium were measure@MDTA titrimetry. TA were determined using a tiiat
with HCI. Chloride was titrated by silver nitratahile sulphate and nitrate was obtained by spebttapmetric
technique.Major cations like Naand K were determined using atomic absorption Spectrimpheter (Perkin
ElmerAAnalyst 400 Spectrophotometer).

Table 1 Details of sampling location

Sampling code Sampling station Sampling code Sampling station

S1 Kattur S9 Velayudampalayam(W)
S2 Murugapalayam S10 Moolimangalam

S3 Pugalur S11 Sottaiyur

S4 Semmadaipalayam S12 Nalliyampalayam

S5 Thottakurichi S13 Semmadai

S6 Velayudampalayam(S) S14 Thirukaduthurai

S7 Velayudampalayam(E) S15 Gandhi Nagar

S8 Thavittupalayam S16 Mullai Nagar TNPL

The reagents, including indicators and buffers, evef analytical grade (Merck). The aqueous solstiovere
prepared, using double distilled deionized watée glassware employed in this study was of Bo(tsilia) grade.
The standardization of reagents and solutions wag¢ordance with standard methods of water chémalysis
[29].

DataAnalysis

Water quality index (WQI) provides the overall watgiality at a certain location and time, basedsewveral water
quality parameters. A water quality index basedome very important parameters can provide a simglieator
of water quality. To determine the suitability betgroundwater for drinking purposes, Water Quatigex [30] is
computed by adopting the method which is formulated

WQI =="; (QiWi) / "1 (Wi) 1)

Where, W, weightage = K/s$and K, constant = 1/ [I/s+ 1/s +.... 1/§] and S correspond to the WHO/ICMR
standard value of the parameters. Quality rating i€Qcalculated as = [(Vactar Videa)! (Vstandarr Videa)] ¥*100
where Q; = quality rating of ‘i'th parameter for a total 6f' water samples Y. = value of the water quality
parameter obtained from the analysig Marg= value of the water quality parameters obtainedhfthe standard
tables. Veq for pH=7 and for the other parameters is equakto [31].

Correlationanalysismeasurestheclosenessofthemedijpbetweenchoosingindependentanddependentvai@his
analysisattemptstoestablishthenatureoftherelatiphshweenthevariablesandtherebyprovidesamechaniprefticti
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on of forecasting.Inthisstudy,therelationshipofwatalityparametersoneachotherinthedataonwater aahlywas
determined by calculating correlation coefficiesing, r, by using the formula as given below,

r=[nExy — €x) )]/ [V n Ex) - @)% n €y) - Ey)?] )

Where,x(x=valuesofx-variable)andy(y=valuesofx-vhl&grepresentstwo  differentwaterqualityparametersnd a
n=numberofdata points.

RESULTSAND DISCUSSION

Ground Water Chemistry

The results of various physico-chemical paramedegspresented in Table 2 and their statistical oveassuch as
minimum, maximum, average, median, mode are givermable 3. The number and percentage of samples
exceeding the allowable limits set by WHO [22] iisegn in Table 4.

The pH of all the groundwater samples was almostrak the range being 6.94 to 7.69. The EC is laalde
indicator of the amount of matter dissolved in wafehe EC of water samples varied from 367uS/cnb662
pS/ecm. EC of water is a direct function of its taléssolved solids [32]. Total dissolved solidsgad from 257
mg/L to 3956 mg/L. All the samples show high TD8eleexcept S8. High TDS levels results in excessianing
of water pipes, water heaters and household amgifarsuch scaling can shorten the service lifeedd appliances
[33]. Hardness is an important factor for domeasicwell as industrial purposes. Total hardnessgairiom 175
mg/L to 3184 mg/L. Water with hardness above 200Lmgay cause scale deposition in the water distiginu
system and more soap consumption [34].

Table 2 Physicochemical parameters

Stations pH EC TDS TH TA Cl SO~ Ca* Mg* NOs Na* K*

S1 7.03 2527 1769 856 424 586 125 178 98 24 246 49
S2 7.26 1891 1324 647 440 354 94 154 63 19 171 23
S3 7.13 1585 1109 414 463 214 73 81 51 12 143 19
S4 7.31 2577 1804 886 412 475 188 186 101 19 27 56
S5 7.20 1330 931 310 372 198 65 67 35 11 133 21
S6 6.96 2567 1797 677 451 545 178 150 72 22 189 44
S7 7.13 2189 1532 846 352 465 173 162 72 25 196 31
S8 7.69 367 257 175 139 28 15 33 22 7 21 4
S9 6.94 1862 1304 414 400 331 54 86 48 14 177 43
S10 7.15 5652 3956 3184 376 1364 730 657 370 29 2969

S11 7.14 2955 2069 1353 313 747 164 301 144 27 20129

S12 7.43 1306 914 255 206 246 76 54 29 14 163 27
S13 7.19 2348 1644 706 681 323 95 150 79 20 171 33
S14 7.55 1220 854 402 341 170 67 86 45 16 113 21
S15 7.20 1826 1278 513 364 331 107 109 58 18 147 37
S16 7.44 1225 857 386 372 158 62 74 48 16 126 25

All the values are expressed in mg/L except pHEQdN pS/cm

Table 3 Statistical measures of groundwater samples

Water quality Units Average Maximum Minimum Median Mode
parameters

pH - 7.23 7.69 6.94 7.19 7.20
EC ps/icm 2088 5652 367 1876.5 -
TDS mg/L 1462 3956 257 1314 -
TH mg/L 751 3184 175 580 414
TA mg/L 378 681 139 374 372
Cr mg/L 396 1364 28 331 331
sQo? mg/L 142 730 15 94.5 -
ce* mg/L 156 657 33 129.5 86
Mg** mg/L 84 370 22 60.5 48
NOs mg/L 18 29 4 18.5 19
Na" mg/L 164 296 21 171 171
K* mg/L 31 59 4 30 21
lonic Chemistry

Major anion and cation concentrations are showrainle 2. Alkalinity is a total measure of substanicewater that
has acid neutralizing ability. Carbonate, bicarlterand hydroxide compounds in rocks are the maimces of
natural alkalinity [35]. TA values of all the sareplwere found to be greater than the standardpe®8eand S12.
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An excess of Clin water is usually taken as an index of pollutemd considered as tracers for groundwater
contamination [36]. Chloride concentration was fdun the range of 28 mg/L to 1364 mg/L. Gteater than 100
mg/L affects the aesthetic property of water inglgdtaste and is classified as a zone of diffusjan].
Concentration of sulphate ions varied from 15 mL730 mg/L. High concentration of sulphate hasveative
effect [38], which is enhanced when sulphate issoomed with magnesium.

Table4 Thenumber and % of samples exceeding the allowable limits set by WHO

Water WHO (2005) No. of samples Per centage of
quality Units Desirable Maximum exceeding Qmpl-ﬁ Undesirable
parameters limits limits allqwgble exqegdmg effects
limits limits
pH - 7-8.5 9.2 0 0 Taste
EC us/cm 1000 2000 7 43.75 Gastrointestinal
irritation
TH mg/L 300 500 9 56.25 Scale deposition
TA mg/L 100 500 1 6.25 Unpleasant taste
cr mg/L 200 600 2 12.50 Salty taste
SQF mg/L 200 400 1 6.25 Laxative effective
ca" mg/L 75 200 2 12.50 Scale formation
2+ Encrustations in water
Mg mg/L 50 150 1 6.25 supply structure
NOs mg/L 45 100 0 0 Blue baby disease
Na* mg/L - 200 4 25.0 Salinity
K* mg/L - 12 15 93.75 Bitter in taste
DS mg/L 500 1500 7 43.75 Gastrointestinal
irritation

The cations of Cd and Md@" are directly connected to pH value. The highef*@antent, the less the negative
impacts of N& and CI[39]. The concentration of Gavaried from 33 mg/L to 657 mg/L. Mgranged from 22
mg/L to 370 mg/L. More Mg present in the water will adversely affect thd gaality converting it to alkaline and
decrease crop yields [40].

The concentration of nitrate ranges from 7 mg/R%mg/L. WHO prescribed maximum permissible conegian

for nitrate as 100 mg/L. The consumption of watethwhigh nitrate concentration causes blue babies o
methaemoglobinaemia disease in infants, gastricircanas, abnormal pain, central nervous systenh bliefects
and diabetes [41]. Nitrate is less toxic to animatl human health than nitrite. Nitrates are exthgrseluble in
water and can more easily transfer through sod the drinking water supply[42]. The fertilizersdadomestic
wastes are the main sources of nitrogen contaicemgpounds and they are converted into nitratelensoil. Na
and K’ ranges from 21 mg/L to 296 mg/L and 4 mg/L to 5@/Inrespectively. Sodium is found in associatiothwi
high concentration of chloride resulting in salniNa” and K concentrations are also influenced by the cation
exchange mechanism [43].

Drinking water quality

Water quality index

For computing WQI values, each of the 12 paramdtassbeen assigned a weight)(\dhd water quality rating (R
according to the guidelines laid down by the WHQ[4zhe computed WQI value ranges from 46.83 to 20@re
shown in Table 5. The high value of WQI at thesgi@bs has been found to be mainly from the higladues of
EC, TDS, chloride, hardness and bicarbonates. Taldbows the percentage of water samples that daltker
different quality from “excellent water” to “watarmnsuitable for drinking”. None of the samples ameskcellent
range, about 6.25 % of water samples are in goaditgwhile 50% are in poor range. Eight samples iarvery
poor quality (31.25%) and 12.50% samples are dmfidrinking purpose. 95% of the groundwater samalee not
suitable for drinking purposes.

Table5WQI value of groundwater samples

Sampling station  WQI Value Sampling station WQI Value

S1 79.67 S9 46.83
S2 76.89 S10 206.3
S3 57.03 S11 103.7
S4 94.72 S12 56.37
S5 51.39 S13 87.78
S6 68.01 S14 73.90
S7 79.61 S15 64.82
S8 55.70 S16 68.75
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Table 6 Water quality classification based on WQI value

WQI value  Water quality Sample station % of water samples
0-24 Excellent - 0
25-49 Good S9 6.25
50-74 Poor S3,55-6,58,512,S14-16 50
75-100 Very poor S1,S2,54,57,S13 31.25
>100 Unfit for drinking S10,S11 12.50

Statistical analysis

Correlation analysis is a preliminary descriptigehnique to estimate the degree of association gii@nvariables
involved [33]. The degree of a linear associatietween any two of the water quality parametersneasured by
the simple correlation coefficient (R), is presenia Table 7. Most of the parameters were foundbhéar a
statistically significant correlation with each ethindicating close association of these parametithseach other.

Table 7 Correlation coefficient matrix

Parameters pH EC TDS TH TA CI SO, Ca Mg NO3 Na K

pH 1.00 -0.51 -0.51 -0.29 -0.55 -0.48 -0.26 -0.30 0.27 -0.51 -0.66 -0.60
EC 1.00 1.00 0.96 0.30 0.98 0.93 0.96 0.95 0.83 700. 0.78
TDS 1.00 0.96 0.30 0.98 0.93 0.96 0.95 0.83 0.70 0.78
TH 1.00 0.12 0.96 0.97 1.00 1.00 0.76 0.63 0.62
TA 1.00 0.14 0.07 0.12 0.11 0.31 0.29 0.37
Cl 1.00 0.93 0.97 0.95 0.84 0.72 0.73
SO 1.00 0.96 0.97 0.67 0.59 0.64
Ca 1.00 0.99 0.77 0.64 0.62
Mg 1.00 0.71 0.61 0.63
NO; 1.00 0.72 0.67
Na 1.00 0.48
K 1.00

EC and TDS (R = 0.98, 0.96) had a strong corraiatitth a number of parameters like TH,;,GI&", SQ%, Na'
and K indicating the high mobility of these ions. Thegicorrelation between EC and chloride may bebaiied to
the fact that high conductance reflects the presarichigh chloride content in the groundwater sasplTotal
hardness shows good correlation with, @&*, Mg®*, SO, Na and K. Calcium and Magnesium have good
correlation with chloride and sulphate (R= 0.97 &n@b5 respectively) indicating that it is in therfoof CaC},
MgCl,, NaCl and CaS§ MgSQ, respectively. This approves the abundance of walcand magnesium rich
minerals such as gypsum, limestone etc in the sively.
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o a a ™ 3. Mixed CaNaH('Os
e 4. Mixed CaMgCl
a0/ \ 4 '\.\40 5 C‘ (—11 T
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Fig. 2. Chemical facies of groundwater in Piper diagram

Graphical representation of hydro geochemical data

The term hydrochemicalfacies is used to descrilee tbdies of groundwater in an aquifer that differdreir
chemical composition [45]. The facies are a functtad the lithology, solution kinetics and flow patts of the
aquifer. Large tables of analytical data are ugudifficult to interpret regarding the variations water quality.
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Graphs are useful for this purpose and severaiajza types are in use. Piper diagram is ondeft Aquachem
software was used for plotting the Piper diagram.

The values obtained from the groundwater samplab/sis, and their plot on the Piper trilinear deagrreveal that
the dominant cation is €aand N& and the anion is Cand HCQ.. On the basis of chemical analysis, groundwater
is divided into six facies (Fig. 2). The plot shothst the groundwater samples fall in the fieldroked Ca-Mg-Cl
type. Some samples are also represented as Naa@l] @nd Ca-HCQtype. From the plot it is observed that the
alkaline earths (G4 and Md") exceed alkalis (Naand K)and strong acids (Cand SQ%) exceed the weak acid
(HCG;).

Irrigation water quality

The excess amount of dissolved ions such as sodliicarbonate and carbonate in irrigation watercéf@lants and
agricultural soil physically and chemically is theglucing the productivity. The physical effectstudir ions are to
lower the osmotic pressure in the plant structoedls, thus preventing water from reaching the bhnas and leaves
[46]. Excess salinity reduces the osmotic actifyplants and thus interferes with the absorptibrwater and
nutrients from the soil [47]. Salinity and indicesch as, sodium adsorption ratio (SAR), sodiumgregege (Na %),
residual sodium carbonate (RSC), and permeabitigex (PI) are important parameters for determinihg
suitability of ground water for irrigation uses [9]

Table8 Irrigation quality of groundwater based on several classifications

% Na Classification Sample station Number of samples % of samples
<20 Excellent - - -
20-40 Good S8, S10, S11 3 18.75
40-60 Permissible S1-4, S6, S7, S13-16 10 62.50
60-80 Doubtful S5, 89, S12 3 18.75
>80 Unsuitable - - -
Based on alkalinity hazard (SAR) after Richard5@)9
<10 Excellent S1-16 16 100
10-18 Good - - -
18-26 Doubtful - - -
>26 Unsuitable - - -
Based on RSC after Richards (1954)
<1.25 Good S4, S7, S8, S10-12 6 37.50
1.25-2.50 Doubtful S1-2, S6, S14-16 6 37.50
>2.50 Unsuitable S3, S5, S9, S13 4 25

Sodium adsorption ratio (SAR)

Sodium adsorption ratio can indicate the degreeviiich irrigation water tends to enter into catiomieange
reactions in soil. Sodium replacing adsorbed caicand magnesium is a hazard as it causes damabe soil
structure and becomes compact and impervious. SAlRfined by Karanth[48] as

SAR = Nd /V(C&* + Mg?)/2 (3

Where all the lonic concentrations are expressedh@y/L. The SAR values range from 1.415 to 8.948 an
according to the SAR classification [49] 100 % ddter samples (Table 8) fall in the excellent catggd which
can be used for irrigation on almost all soils. Arendetailed analysis of the suitability of water frrigation was
made by plotting the data on US Salinity Laborawiagram [50].

USSL diagram

The SAR v's EC values for groundwater samples @fstiady area were plotted in the USSL graphicajrdia of
irrigation water (Fig. 3). Based on USSL diagrahe water quality shows that the majority of the gk falls in
the C4-S1 (very high salinity with low sodium), G3- (high salinity with low sodium) categories, agie sample
fall in the field of C2-S1 (medium salinity withwosodium), which can be used for irrigation ontgfies of soil
without danger of exchangeable sodium.

Percent sodium (% Na)

Sodium concentration plays an important role inlgating the groundwater quality for irrigation besa sodium
causes an increase in the hardness of the soiethssva reduction in its permeability. The sodipencentage (Na
%) is calculated using the formula given below,

Na% = (Nd+K"*100/ (C&*+Mg®*+ Na'+K™) (4)
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Where, all the lonic concentrations are expressaddaq/L. Na % in Table 8 indicates that the grouaigwis found

good only in three locations (18.25%). More than®2.50) percentage of the groundwater samplesriwited for

irrigation (Fig. 4) in almost all types of soilstwilittle danger of exchangeable sodium. Whilegheple numbers
S5, S9, S12 (Comprising 18.75%) are categorize@muaoubtful for irrigation.
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Fig. 3USSL diagram for irrigation water quality classification (USSL 1954)
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Fig. 4. Classification of irrigation water (after Wilcox 1955)

Residual sodium carbonate (RSC)

In addition to the SAR and % Na, the excess amotinarbonate and bicarbonate in groundwater oveisthm of
Cc&* and Md@" also influences the suitability of groundwater foigation. An excess of sodium bicarbonate and
carbonate is considered to be detrimental to tlysipal properties of soils as it causes dissolutibarganic matter

in the soil, which in turn leaves a black stain tbe soil surface on drying. This excess amounteisoted by
Residual Sodium Carbonate (RSC) and has been detztmas follows [51]
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RSC = (CG* + HCQ,) - (C&* + Mg?) )

Where, all the lonic concentrations are expreseetieq/L. The classification of irrigation water aoding to the
RSC values indicate that water containing more th&rmeq/L of the RSC is not suitable for irrigatiovhile those
having 1.25 - 2.5 meqg/L are doubtful and those Wéts than 1.25 meg/L are good for irrigation. Th&ulated
value reveals that only 37.5 % samples are in twel gategory while 37.5 % of samples fall into difwitcategory
(Table 8) and the number of samples in unsuitablegory is about 25 %. Poor agricultural returnthia area are
partly due to this reason.

Permeability index (PI)
The soil permeability is affected by long-termgation influenced by Na C&*, Mg>* and HCQ contents of the
soil. The permeability index values also indicde $uitability of groundwater for irrigation. It defined as

Pl = (N& +VHCOs) *100 / (C&"+Mg**+ Na'+K™") (6)

The concentrations are expressed in meg/L. TheaRgas from 23.1% to 69.1%. The average value wastab
48.2%. WHO [44] uses a criterion for assessingsthigability of groundwater for irrigation based parmeability
index. According to Pl values, the groundwaterhia $tudy area can be designed as a class Il (2%} that shows
the groundwater in the study area is suitablerfaggdtion purposes.

Water quality management

Water quality management is related to broad canoépnanagement of water resorurces for full anficient
utilization by man. It implies the utilization amgvelopment of water in a way that maintains italigqgat optimum
level for present and future users [52].

The present study area has moderate amount o&Mailfifthe rainfall is used properly, it can besgible to reduce
the concentrations of TDS, TH, calcium, sodium pathssium well below the safe limits for drinkingdarrigation
purposes, by simply following the water managentectiniques like rainwater harvesting.

Suggestions

Public awareness program on the consequenceseasfoinfvater quality on human health, agricultuields and
industrial sectors shall be made mandatory which isey factor for successful water quality managgnfer
sustainable development. Policy makerers, planaasadministators must take the responsibilityirfgglementing
appropriate site-specific measures to improve taemquality.

CONCLUSION

The hydro geochemical analysis reveals that thergtewater in the study area is better for irrigatéord unfit for
drinking purposes except the station S9. High TDg, K and TH at a number of areas clearly indidhe
unsuitability of groundwater for drinking purpos@e alkaline earths (Eaand Md") exceed the alkalis (Nand
K™ and Cl exceeds other anions. This leads to a mixed CaGlgee of groundwater. However, few groundwater
samples represent Na-Cl, Ca-Cland Ca-H@@es. The water quality based on WQI revealet dhly 6% (6.25)
is fit for drinking and 50, 31.75 and 12.50 peregets of samples falls in poor, very poor and uofitdrinking
purposes respectively. When WQI is greater than tGfnplies that the pollutants are above the déad limits.
Similarly 0 < WQI > 100 reflects its unsuitabilifgr human use. A high linear relationship betwebloigde and
sulphate with calcium and magnesium indicating thedness of water is permanent in nature. The ocmoce of
high EC values in the study area reflected thetmadbdf some salts through the prevailing agricwtiactivities.
About 18.75% samples are in good line and 62.50@tpkss are permissible for irrigation with little riger of
exchangeable sodium. The stations S5, S9 & Sl12dawbtful for irrigation purposes based on Na% vslue
However, SAR and Pl values indicate that almosthallgroundwater samples are suitable for irrigatio
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