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ABSTRACT

The present study was carried out to assess the ground water quality in various location of Sulthan Bathery block of
Wayanad district. The samples were analyzed for their physico-chemical characteristics namely temperature, pH,
electrical conductivity, total dissolved solids, dissolved oxygen, total alkalinity, total hardness, sodium, potassium,
phosphate, sulphate, nitrate, chloride, iron. On comparing the results against water quality standards and standard
values recommended by World Health Organization (WHO), Bureau of Indian Standards (BIS), US Environmental
Protection Agency (US EPA) and Central Pollution Control Board (CPCB), Nitrate and Phosphate are exceeding
the permissible limit in most of the groundwater samples. The aggressive application of agrochemicals might be the
reason for the leaching of nutrients. The indiscriminate use of agrochemicals should be avoided and promation of
use of bio-fertilizers and bio-pesticides should be encouraged.
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INTRODUCTION

Groundwater comprises 97 percent of the world'dilgaaccessible freshwater and provides the rumaban,

industrial and irrigation water supply needs ofilildn people around the world [1]. The groundwateservoir of
the world at about 5.0 x 0L, this volume is more than 2,000 times the voluwhevater in all the world’s rivers
and more than 30 times the volume contained ithallworld’s fresh water lakes [2].The quality obgnd water is
the resultant of all the processes and reactioatshtve acted on the water from the moment it coseld in the
atmosphere to the time it is discharged by a wille quality of ground water depends on a large rasmnu$

individual hydrological, physical, chemical and lbigical factors ( [3]. Kerala is the southernmdsttes of India, is
very unique in the groundwater situation, than mather states in India. This part of the countrplisssed with
over 3000 mm of rainfall per year ([4]. Kerala tsosigly dependent upon groundwater and has corasitieralue
both for its economic and social uses and fordte in maintaining a range of ecosystems at thiaserand below
the ground [5]. Wayanad is an agriculture-basettidisn Kerala, which is noted for its pleasarnb@te and fertile
agro-friendly soil [6]. The district is divided mtthree blocks - Kalpetta, Mananthawady and SulBathery. All

the three blocks in the district are having similaydrogeological conditions. The district is havirgp

gramapanchayats and one municipality (Kalpetta)§Mdinly the ground water quality assessment isi$ed on the
surrounding areas of Sulthan Bathery. Continuousitming of water quality parameters is highly dalsince the
quality of groundwater is constantly changing isp@nse to daily, seasonal and climatic factorslf8ihis study the
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physico-chemical groundwater quality in and aroareh of Sulthan Bathery is assessed, in orderdorerthe safe
water supply for drinking, other domestic purpoaed agricultural purposes in this area.

EXPERIMENTAL SECTION

Study area

Wayanad is a small hill district in Kerala, liestiveen 11 26’ 28”- 11° 48’ 22” N latitude and 7546’ 38" - 70°

26’ 11"E longitude, with an area of 2132 sq. knheTstudy area is mainly located on four panchajde®lpuzha,
Nenmeni, SulthanBathery and Meenangadi) in Sul®athery block. The area experiences an averagélairf

2,500 mm per year and maximum and minimum temperaghown are 33.9C and 13.87C respectively [9].
Forest soil is mainly found in Sulthan Bathery lothey are rich in organic matter, nitrogen andhbs. The pH
of the soil ranges between 5.3 and 6.3 and is thligitidic in nature. The alluvial aquifers are negented in
Sulthan Bathery. In these formations groundwateumcunder phreatic condition [7].

Sample collection

A total 20 samples has been collected randomly fBulthan Bathery block (Figure 1), between 10 aih 4pm

(Table 1). Samples were taken from the bore wdldiféerent sampling sites at a depth of 160-38@dight from

the ground level. The different sampling locati@s theen assigned as sample points. Water is puoybddr a fair

amount of time prior to the collection. One Litdrsample was collected in clean sterile polyethgl®ottle and
stored properly at (4°C) for further analysis. Todlection, preservation and analysis of variouspeeters of water
samples from different sampling locations were iedrout, by following the standard procedures giverthe

standard methods for the examination of water aastewater [10].

Physico-chemical parameters

Temperature (Brannan,UK) and pH (pH tester 1, Xl@g were recorded immediately at study site fisdlie to
their unstable nature to avoid unpredictable chamgeharacteristics as per the standard procedlihesphysico-
chemical parameters, such as total dissolved sdadal alkalinity, total hardness, dissolved oxygehloride,
phosphate, nitrate, sulphate, sodium, potassiumn, were analyzed. Sodium and potassium was amhlyzeg
flame photometer (Elico, CL 361). UV visible speghotometer (Analytic Jena specord 200, Germanyy wa
employed for sulphate, phosphate, nitrate and iissolved oxygen was estimated by Winklers’ lodtine
method. Total hardness was determined by titratiith EDTA and Chloride by argentometric titratiomsing
standard silver nitrate as reagent [10]. The resuére compared with the standards of World He@ltpanization
(WHO), Bureau of Indian Standards (BIS), US Envimnamtal Protection Agency (US EPA) and Central Rialfu
Control Board (CPCB). Correlation analysis is usadhe measurement of the strength and statistigaificance
of the relation between two or more water qualagygmeters (Sangmidl. 2011). Data were analyzed by Microsoft
Excel 2007 Software.

Table 1 Sampling locations with bore well depths

SAMPLE NO. PLACES BOREWELL DEPTH (ft)
GW, SulthanBathery 300
GW, Mathamangalam 265
GW; Naikatty 255
GW, Moolankavu 200
GWs Kuppadi 160
GWs Kambakodi 250
GW, Thekkumpatta 160
GWs Kallumukku 300
GWq Kalloor 160
GW,¢ Beenachi 175
GWi; Krisnagiri 275
GW;; Kolagappara 250
GW;2 Pazhupathur 300
GWiy Manichira 310
GWis Cheeral 300
GWie Pazhur 320
GW,; Nambikolli 180
GWie Puthenkunnu 245
GWi¢ Odapallam 170
GWo¢ Thelampatta 380

30



Muthukumar Muthuchamy et al

J. Chem. Pharm. Res., 2016, 8(3):29-36

Largpmmned
= samgale aren

v iy i P

Figure 1 Location Map of Study Area with Sampling Points

RESULTSAND DISCUSSION

The experimental results of groundwater sampletecteld in and around area of Sulthan Bathery bleke

compared with the limits recommended by BIS, WHBAEand CPCB. Groundwater comes into intimate ainta

with various minerals, which are soluble in watervarying degrees. The dissolved minerals deterthieg@roperty
of the water for various purposes. The water froendtudy area of has no colour and odour.

TEMPERATURE

The temperature plays an important role in the bwdia activities of the organisms and is consideesda
biologically significant factor [12]. Variation iwater temperature depends on the changing cliratiditions [13].
The temperature variation in hydrosphere resultsharacteristic patterns of water circulation, vbhigreatly
influence the aquatic life. The raised temperabfrevater will stress the aquatic ecosystem by reduthe ability
of the water to hold the essential dissolved glikexygen [14]. The permissible limit of tempereg for drinking

water should not exceed@ above the receiving water temperature (BIS). Ftbentable, it was found that the

temperatures of water are mainly ranged froffiC26 27C (Table 2 - 3).
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pH

pH is used to determine whether a solution is acdiialkaline. Lower pH of below 4 will produce sdaste and
higher than 8.5 produce bitter taste. Higher valfegH hasten the scale formation during the wagating also
reduce the efficiency of disinfection process ofdtine. Higher pH value induces the formation ttimaethanes,
which will cause cancer to human beings. From thaysis it was found that the pH values of all grdwater
samples are found to be in the range of 6.32 {§pW 8.26 (GW) (Table 2- 3) where the majority of water samples
come under slightly acidic nature. As per the WHIS, EPA, BIS and CPCB standards, the permissibli 6fpH

for drinking water is 6.5 - 8.5. The groundwatempées are found to be within the acceptable limd ¢here is no
abnormal change of pH.

ELECTRICAL CONDUCTIVITY

The electrical conductivity is used to assess thece of pollution. In the coastal region, EC dath be used to
assess the intrusion of salinity from the seawttieground water. It also used to indirectly assbgsinorganic
content of the water. The EC values for all theugbwater samples were recorded within the range1&9 (GW)

to 0.557 (GW,) mS/cm (Table 2 - 3). The electrical conductaree igood indication of total dissolved solids,
which is a measure of salinity that affects theetasf potable water [15]. Several factors like temgbure; ionic
mobility and ionic valences also influence the aarttlity. The electrical conductivity values forl ahe
groundwater samples are found within the permisdihiit 1.4 mS/cm (WHO).

TOTAL DISSOLVED SOLIDS

The total dissolved solids in water are due togresence of sodium, potassium, calcium, magnesinemganese,
carbonates, bicarbonates, chlorides, phosphatanirgnatter, and other particles [16]. These digzbiminerals,
gases and organic matter constitutes the unpleadant, taste and colour. Water with high TDS valaéen has a
laxative sometimes the reverse effect upon peoplese bodies are not adjusted to them. From theg/sinat was
found that the values of the total dissolved sdlatsall the groundwater samples shown between(Ga8s) to 345
(GWy) mg/L (Table 2 - 3). The maximum permissible ligndf total dissolved solids in groundwater for dstiee
purpose are 1000 mg/L 500mg/L, 500mg/L for WHO, BI&l US EPA respectively. The TDS values <1000 mg/L
represent fresh water [17]. Based on the resulls Values for groundwater sources were below 348 ngus
considered as fresh water. The observed valuéBd8rat 20 locations were found within the permikeslimit.

DISSOLVED OXYGEN

Drinking water should be rich in DO for good tadtas an indicator of pollution load in the watétigher values of
DO will cause corrosion of iron and steel. So inecessary to chech the DO level in the ground materder to
assess the pollution load. The DO values in theigplwater samples are observed from 4.84 to 7.7%.nTdfe
highest value (7.75 mg/L) of DO is recorded at GWhereas the lowest value (4.84 mg/L) is recorde@\&;,
GW,, GW;, GWg, GW;, GWjs and GWg (Table 2-3). As per BIS, dissolved oxygen levetlimking water should
be 5 mg/L and usually the concentration of dissblogygen in clean water is 8 — 10 mg/L [18]. Instktudy, the
DO is low in all the groundwater samples. Oxygeméserally reduced in the water due to respiratibbiota,
decomposition of organic matter, rise in tempemtoxygen demanding wastes and inorganic relu¢i®jt DO
value below 3 mg/L is hazardous to man [20].

TOTAL ALKALINITY

Alkalinity of the water is due to presence of carhies, bicarbonates and hydroxide salts. Large amol
alkalinity causes bitter taste in water. The atkfy}i values are important for the calculation ofbznate scaling.
The alkalinity values of groundwater samples wereorded between 60 (GWGWs GWi,, GWis, GWy7, GWig
and GWy) and 200 mg/L (GW4) (Table 2-3). The permissible levels of alkalindse 200 mg/L according to BIS
and 600mg/L for CPCB. All the ground water samplesfound to be within the permissible level. Haghount of
alkalinity in water is harmful for irrigation, whicleads to soil damage, and reduce crop yields [21]

TOTAL HARDNESS

Hardness defines the total polyvalent cation preserthe water; the most divalent cations are catciand
magnesium. Hard water causes scaling in the pipamin the vessels. Soft water is corrosive arsdalves the
metals. More cases of cardio vascular diseasesepogted in the soft water prone areas. Howevepthsence of
calcium in the hard water is good for children gilewlhe hardness of the samples ranged from 5@V 4) to

200 mg/L (GW, GW;, GW,, GW,;3 and GW) (Tables 2 and 3). Based on the classificatioreseh by Driscoll
(2009), the groundwater samples exhibit slightlsdh@ very hard nature in the study area. Hardoésise water is
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attributable to the presence of alkaline earthes, i) C&" and Md*. These ions react with soap to form precipitates
[22].

SODIUM

The values of sodium for the groundwater sampleserorded in the range of 0.6 — 2.1 mg/L . Théadsg value of
sodium is recorded GWand lowest value in GWand GW, (Table 2- 3). From this study, it is confirmedtthhe
value of sodium in the groundwater sample is wéthiw the permissible limit (200 mg/L) suggestedgiy, WHO,

US EPA, CPCB. High concentration of sodium ion imking water may cause heart problems and higfusoibn

in irrigation water may cause salinity problems][23

POTASSIUM

The potassium values for the groundwater samplebserved between 0.6 and 1.9 mg/L. The maximuoeva
(1.9 mg/L) of potassium is observed at g@hd minimum value (0.6 mg/L) is observed at thsamples (GW,
GW;; and GWy) (Table - 3). On comparison with the WHO standaatlie, it is found that the potassium values for
all the groundwater samples are well within the mmaxn permissible limit (12 mg/L).

PHOSPHATE

The value of phosphate in the groundwater samjddsetween 0.025 to 4.5 mg/L. The highest valug (dg/L) is
recorded at GWand minimum value (0.025 mg/L) is recorded at G¥&ample (Table 2 - 3). In this study, the
phosphate concentrations are found to be aboveedtmissible limit (0.1 mg/L) of WHO, only the GMshows the
concentration within the limit. Orthophosphates geaerally applied to agricultural or residentialtivated land as
fertilizers [10]. In some areas of Wayanad, growater contamination due to pesticides is reporigd $o the
higher values of phosphate may be due to washihgfdertilizer, pesticides from agricultural fiedldand detergents
used in the area.

SULPHATE

The sulphate values for the groundwater samplesxribited between 30 (GMW mg/L (Table 3) and 58.5 (GW
and GW) mg/L (Table 2). The sulphate values for all theupdwater samples are well within the permisdliiphét
(200mg/L) of WHO, (400mg/L) BIS, (250mg/L) US EPAd(400mg/L) CPCB and high concentration of sulphat
may cause gastro-intestinal irritation particulasshen magnesium and sodium ions are present mkidg water
[24]. The addition of sulphate to the groundwagedile to leaching from fertilizers and municipalstea[25]. The
sulphate values of all the groundwater samplesatipose any water quality problem in the area.

CHLORIDE

Chloride associates with sodium exert a salty tdstan also corrode the concrete. Magnesium idoproduces
hydrochloric acid when the water is heated whichl$® a corrosive nature. Chloride determinationatural water
will useful for the selection of water supply toethuman beings. The value of chloride for all theugdwater
samples is ranged from 49.63 (GVGW;, GW;7and GW) to 85.08 (GW) mg/L (Table 2-3). All samples show
chloride values within the acceptable limit (250/m)gecommended by WHO, US EPA, BIS, CPCB. The ténuif
chloride have been laid down primarily from tastanp of view. None of the samples exceeded the mami
permissible limit of 2000 mg/L.

NITRATE

The values of nitrate in all the groundwater samplere found between 0.09 mg/L and 20.37 mg/L. Adiog to
WHO and BIS, the acceptable limit of nitrate is m@/L and 45mg/L respectively. The presence of tdtia
drinking water has adverse effects on health ala@veng/L [26]. The four samples (GWGW;, GW, and GW)
exceeds the limit of nitrate 10 mg/L (WHO) in grawater (Table 2), which may be due to the leaclihgitrate
with the percolating water by excess applicatiorfesfilizes. Nitrate is highly soluble and not régdlegraded
under aerobic condition [27] and the elevated cotrations (> 5 mg/L) of nitrate in waters are adigation that the
waters are at the risk of pollution [28]. Penetmatof nitrate into the subsurface is due to theyesa fertilizers for
plantations and by the discharge of domestic wéfstétrate could be readily leached from agricudtuland to the
underlying groundwater, then it seemed likely theth intensification of pesticide use [27]. Indharea, fifty per
cent of samples are at the risk. High nitrogenHeag from soils can occur, where irrigation is esgige and not
carefully controlled. Controlling the loading wikkventually, reduce pollution to acceptable ley2§. Prevention
is the best method to safeguard water sourcesstgatrate contamination.
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IRON

The concentration of iron in the ground water af urrounding areas of Sulthan Bathery town rarfiges 0.02
mg/L (GWs, GW,1and GWg) to 0.1 mg/L (GW, GW,, GW;, GWy,and GWg) (Table 2-3). The acceptable limit of
iron according to WHO, BIS and US EPA are 0.1 m@3, mg/L and 0.3mg/L respectively. High concetidres of
iron generally cause inky flavor, bitter and agjent taste to water. It can also discolour clotpksnbing fixtures
and cause scaling which encrusts pipes. In theptesudy the iron was within the permissible limit

From the analysis, it is concluded that the groumtéw in and around areas of Sulthan Bathery, istiy;no
contaminated with phosphate and also the locakoedamination of nitrate is seen due to the exapgtication of

agrochemicals. Human activities have done much Iter ahe distribution of nutrients in the environme

Application of manure and chemical fertilizers toms results in local abundance of nutrients, wiéctine desired
outcome. But over-application can result in locatesses of nutrients, which can reach groundwHtence, more
care should be taken to avoid contamination andeoypéoitation of groundwater.

Table2 Physico-Chemical Characteristics of Groundwater Samplesfrom Sulthan Bathery Block

PARAMETERS GW. GW, GW, GW, GWs; GW, GW, GW, GW, GWy BIS _WHO EPA__ CPCB
Temp (C) 27 26 25 25 25 25 25 25 25 25 n : : :
pH 826 695 818 659 653 698 678 674 690 770 %i’;‘ %‘%‘ 68'2' 65-8.5
EC, mSicm 0373 0262 0301 0315 0266 0302 0406189 0415 0205 - 14 ; ;
TDS, mg/L 322 192 258 268 210 186 336 166 345 244 00 5 1000 500 ;
DO, mg/L 484 646 518 484 517 484 549 484 466. 576

Total Alkalinity, mg/L of CaC@ 180 80 140 120 80 60 140 60 180 120 200 ; ; 600
Total hardness, mg/L of CaGO 200 80 200 160 140 140 200 120 140 100 300 500 - 006
Sodium, mg/L o8 06 08 14 11 06 12 08 12 11 - 200 ; ;
Potassium, mg/L 08 08 19 15 11 1 16 06 12 51 - 12 ; ;
Phosphate, mg/L 3.25 25 35 1.25 1.3 0.5 0.25 0.545 0.5 - 0.1 - -
Sulphate, mg/L 39 305 33 36 39 325 585 305 585305 200 400 250 400
Nitrate, mg/L of NQ 576 443 531 2037 531 1240 708 93 124 772 45 10 10 100
Chloride, mg/L 4963 6381 6381 709 709 709 085 4963 709 638L 250 250 250 1000
Iron, mgiL 004 007 01 005 004 002 006 009 10 01 03 0.1 03 )

Table 3 Physico-Chemical Characteristics of Ground Water Samples from Sulthan Bathery Block

PARAMETERS GWy;; GWyp, GWi3 GWyy  GWis  GWy  GWi; GWi3  GWig  GWy BIS WHO EPA CPCB
Temp (C) 26 25 25 25 25 26 25 25 26 25 - - - -
pH 7.7 6.64 7.62 6.81 6.59 6.92 6.62 6.32 6.57 7.696.5- 6.5- 6.5- 6.5-

85 8.5 8.5 8.5

EC,mS/cm 0.350 0.557 0511 0315 0315 0.396 0.37@.315 0.295 0.373 - 1.4 - -
TDS,mg/L 195 340 315 197 197 251 232 197 176 232 0 50 1000 500 -
DO, mg/L 4.84 7.75 5.17 5.81 6.94 4.84 5.76 484 495. 6.3
Total Alkalinity,mg/L ofCaCQ 80 60 200 80 60 120 60 60 60 120 200 - - 600
Total hardness, mg/L of CaGO 140 56.72 200 120 150 200 150 150 100 140 300 500 - 600
Sodium,mg/L 11 0.8 1.2 1.2 0.8 14 1.2 2 21 0.8 - 200 - -
Potassium,mg/L 0.6 1.4 1.5 1 1.1 0.8 0.8 1.2 1.4 6 0. - 12 - -
Phosphate,mg/L 0.5 0.025 1 15 0.25 0.25 15 125 5 1 05 - 0.1 - -
Sulphate,mg/L 30 30.5 31 38 40 36.5 38 38.5 385 40 200 400 250 400
Nitrate,mg/L 0.09 9.3 0.9 3.1 1.329 9.3 3.54 3.54 543 8.86 45 10 10 100
Chloride,mg/L 70.9 6381 6381 56.72 56.72 70.9 639. 63.81 56.72 49.63 250 250 250 1000
Iron,mg/L 0.02 0.07 0.09 0.1 0.09 0.02 0.04 0.1 60.0 0.05 0.3 0.1 0.3 -

STATISTICAL ANALYSIS

In statistics, correlation is a broad class ofistigal relationship between two or more variablelence, the
correlation study is useful to find a predictabdationship, which can be exploited in practiceislused for the
measurement of the strength and statistical siamifie of the relation between two or more waterlityua
parameters [11]. The values of correlation cogdfits are listed in Table 4. The negative conahatvas found in
26 cases between pH and DO, pH arid g and N4 pH and S@ , pH and N@' pH and Cl, pH and Iron, EC
and PQ* , EC and N& , EC and iron, TDS and NaDO and TA, DO and TH, DO and NeDO and PG, DO
and NQ , DO and C| TA and N4, TH and NQ ,TH and Iron, Ndand PGQ* , Na and NQ , PQ* and NQ",
PO, and Cl, NO; and Iron, Cland Iron. Fairly high degree of correlation (0.78)0found between EC and TDS
and moderate degree of correlation (0.5-0.75) fduetveen pH and TA, TDS and TA, TA and TH. The degree
of correlation (0.25-0.5) found between pH and TES, and DO, pH and TH, pH and PFQEC and TA, EC and
K*, TDS and TH, TDS and K TDS and S¢, TDS and PG, TDS and C| DO and Iron, TA and K TA and
SO, TH and S@, Na and K, K* and Iron , PG} and SG@*, PQ* and Iron, S& and Cl.
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Table4 Correlation Matrix for Different Water Quality Parameters

pH EC TDS DO TA TH Na* K* PO,* S0 NO* Cl Fe
pH 1
EC 0.146338 1
TDS 0.2941130.786014 1
DO  -0.19440.364112 0.2498 1
TA 0.6046250.4129470.737569 -0.16023 1
TH 0.4274390.1494660.331834-0.574250.612617 1
Na* -0.433050.043492 -0.08935 -0.29969 -0.069920.078977 1
K*  -0.029890.2868660.4310120.0743940.3063390.1589730.255685 1
PO,* 0.343146-0.056540.273436 -0.02362 0.469410.168746 -0.02350.1515 1
S0+ -0.19240.174584 0.454740.1377140.3509680.3154640.2328310.1653 0.31087873 1
NO* -0.15255 -0.088620.242575-0.036690.160083 -0.12987 -0.084960.2145 -0.02109710.066073 1
Cl”  -0.182160.2442070.315453-0.147290.1938340.2074930.129414 0.434 -0.0985480.3481380.240038 1

Fe  -0.10085 -0.041020.0906720.3251670.142485-0.172230.0883170.4546 0.282801120.096122 -0.03184-0.172765 1

CONCLUSION

Water quality is often degraded due to agricultuiradustrial and human activities. Wayanad has pufation of
about 7.86 lakh, of which 90% depend upon agricelfar sustenance. In the present study, an atteagpmade to
analyze the physico-chemical characterization ofigdwater samples taken from Sulthan Bathery t&Wayanad
district. Twenty groundwater samples were coll@dtem different parts of Sulthan Bathery town amdlyzed for
Temperature , pH, EC, TDS, TH, TA, ONa', K*, NOy, SQ?, PQ?¥, DO and Fe using standard procedures. The
values of all the groundwater samples are compaitidthe standard permissible value of WHO, US EBKg and
CPCB. This study reveals that the agriculture #&@ts, geological formation and local environmentahditions
control the groundwater quality. The groundwatengies could generally be classified as fresh anderaely
hard to very hard nature. Nitrate and Phosphate eaceeding the permissible limit in most of theugrdwater
samples, which may be due to intensive usage tififers and pesticides. The bore well depths mdtudy area are
mostly in the range of 200-300 ft. So the leaching of these nutrients verifies the aggressive iegfbn of
agrochemicals. The accumulation of these pollutaats be dangerous for both aquatic and human Sifétable
measures have to be taken to minimize the loadlts & the soil, so that the fertility could beintained and better
yield may be obtained. All other parameters arehiwitthe limit of standard organizations. Monitorinige
groundwater quality periodically with integratedidbuse patterns will prevent the further contaniimat
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