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ABSTRACT

Ten (10) ground water samples were collected framdhpumps of different locations of Imphal East &mghal
West districts during pre-monsoon of 2014 and theye analyzed for physico-chemical parameters sagh

temperature, pH, TDS (total dissolved solids), tele& conductivity, total alkalinity, COZ™, HCQO;, total

hardness,Ca®*, Mg®, Na“and Cl~. From physico-chemical analyses point of view, ¢ieund waters

represented by S-1 to S-5, are found to be fitlfanking purpose as their physico-chemical parame{mentioned
above) values are within desirable limits of Bl&nstards for drinking water as well as that of WHgt in case of
ground waters represented by S-6 to S-10, the# tkalinity values are found to be beyond theirddgse limit
(200 mg/L) of BIS standards for drinking water ahence are unsuitable for drinking purpose. So, akudt
treatment is required so as to keep the total @byl values of these ground waters (S-6 to S-lithimvthe
desirable limit of BIS standards for drinking watétowever, as the TDS values of all these watemsesnare
below 1000 mg/L, all of them are suitable for otdemestic purposes. Further, some investigatioesnacessary
so as to check whether toxic/carcinogenic metath s As, Pb, Cd, Hg etc. are present within thardble limit
or not. Above all, ground waters represented by ®-5-10 are found to be fit for irrigation (or dgulture)
purposes, as are evident from their electrical amtivity, RSC (residual sodium carbonate) and SA&diim
adsorption ratio) values.
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INTRODUCTION

Increase of population growth all over the worldy day day, leads to rapid urbanization and indulstaion

everywhere. Because of such urbanization and indlization quantity of surface water is also dasiag day by
day. Consequently there is increasing demand fourgt water for human consumption, other domestiigjation

as well as for industrial purposes. Ground water &lgo less chance of pollution compared with tfaturface
water. Ground water is about 0.6% of the total glolvater resources and out of this, only 0.3% isaexable
economically[1]. Though there is less chance ofypioin compared with that of surface water, sometinsuch
ground waters may also contain some inorganic egtfimcluding some heavy metals) and anions diesaithing of
mineral surfaces with the passage of water intdfaquf some of the ions (including some heavy af&t are
present beyond the acceptable limit, they may kie tor carcinogenic. So, it is necessary to moriiter quality of
such ground water from time to time.

With a view to this objective, researchers in manyntries such as Mexico, Bangladesh, Nigeria, Nefga, had
carried out research extensively on ground watatityufor drinking, other domestic and irrigationnposes[2-5]. In
India also many researchers of different stated 18 Maharashtra, Kerala, Chattisgarh, Rajastieasam etc.,
had carried out researches on ground water quabtiéensively to examine whether such ground waterdit for
drinking, other domestic and irrigation purposesmy§s-11].
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In Manipur also, there are many places in both lahgfast and Imphal West districts where there iy Vess
facility of getting well treated water for drinkinend other domestic purposes. The people of swedsaare very
dependent on ground water from hand pumps for ohgnknd other domestic purposes. However, it iy vauch
necessary to examine whether such ground watetstaily safe for drinking and other domestic pups

The present aim of the research work is to cartyphysico-chemical investigations on ground watealdy of
some areas of Imphal East and Imphal West distligtsig pre-monsoon of 2014 so as to confirm whetiey are
fit for drinking, other domestic and irrigation jpases. This is in continuation of my former reshawork on
ground water analysis of some areas of Imphal \Wiestict[12].

EXPERIMENTAL SECTION

All the chemicals for this research work, were aRAgrade and were used as received. The ten groeater
samples (S-1 to S-10) were collected from hand puofpdifferent locations (sampling sites) of Impliast and
Imphal West districts within pre-monsoon period ddie of April to middle of May) of 2014. The watsamples
were collected in well sterilized polythene botttdsone litre capacity each and guideline of santplivas strictly
followed. They were analyzed for various physicestiical parameters such as temperature, pH, TD&l (tot

dissolved solids), electrical conductivity, toté#tadinity, CO§_, HCQ;, total hardnessCa”™", Mg®*, Na" and
Cl™.

The geographical locations (longitudes and latis)aé the ten ground water samples, were measuitbdhve help
of a GPS instrument and are shown in table-1 gedow.

Table-1: Locations of different sampling sites of gund water samples

S?VTiﬁ):]esgﬁgci)N 0- Sampling Sites District Longitude Latitude

S-1 (Hand Pump) Keikol Mayai Leikai Imphal East "®834.03E | 245349.18N
S-2(Hand Pump) Awang Potsangbam Khunou Mamang Leika Imphal East| 9%431.29E 245409.12N
S-3(Hand Pump) Awang Potsangbam Khunou awang Leikai Imphal East 9%5417.58E 245412 30N
S-4(Hand Pump) Awang Potsangbam Khunou Mayai Leikai Imphal East 9%5420.85E 245401.8T'N
S-5(Hand Pump) Kanglatongbi Bazar Imphal West 5935.24E | 2458 21.80N
S-6(Hand Pump) Pheidingga Bazar Imphal West| 9%305.73E | 245404.38N
S-7(Hand Pump) Tarung, Langol (Opposite RNBA Holreghal) Imphal West| 93542.89E 245008.82N
S-8(Hand Pump) Guigailong, Langol Imphal Wdst  °5889.68E | 245015.60N
S-9(Hand Pump) Langol Tarung( Opposite Grace C9lgmsar foot hill) Imphal West  93536.58'E 245010.55N
S-10(Hand Pump) Laipham Khunou Mayai Leikai ImpBast | 985714.13E 244957.59N

Table 2 : Instruments / methods used for measuremexor determination) of different physico-chemicalparameters for different ground
water samples

Parameters measured/determined Instruments/methodssed
Temperature TDS Meter (TDS-3) (TDS/Temp.)(HIMEDIAdia)

pH pHep® pocket-sized pH meter (HI98107) (HANNAthusnents, Romania)
TDS (Total dissolved solids) TDS Meter (TDS-3)(TD&Mp.) (HIMEDIA, India)

Electrical Conductivity Conductivity Tester (DISTHI 98303) (HANNA Instruments, Romania)
Total alkalinity By titrimetric method with standaHCI solution using phenolphthalein and methyhgeaindicators
CO§_ and HCO; By calculation method from total alkalinity values

Total hardness EDTA titrimetric method (using Ehcame Black T indicator)

Calcium (CaZ+) EDTA titrimetric method (using Murexide indicator)

Magnesium (Mgz+ ) By calculation method

sodium (Na") By calculation method

Chloride (C| - ) Argentometric titrimetric method (usinKZCI’O4 indicator solution)

Parameters such as temperature, pH, TDS and eldatinductivity were measured at sampling sitedewdther
parameters like total alkalinity (henc@Osz_ and HCQO,; values), total hardness, calciur@”™ ), magnesium

(Mgz+) (by calculation method) and chlorid€(” ) were determined in the departmental researchatwy using

standard methodd.3]. The various instruments and brief methodsduk® measurement (or determination) of
different physico-chemical parameters, are detailgeble-2.
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The parameters such as RSC (residual sodium cad)omad SAR (sodium adsorption ratio) for irrigativater
quality of the ground waters from different loca$p were calculated using the relationships givelav14-15]:

RSC (Residual Sodium Carbonate{GOg_ + HCO;)— (Ca2+ + Mgz+)
. _ _ Na
and SAR (Sodium Adsorption Ratio)—=

\/Ca2+ + M92+
2

where the ionic concentrations were expressed lirequivalents/litre (meg/L).
RESULTS AND DISCUSSION

All the water samples are found to be colourlesbranst of the samples are found to be odourlessef#xn some
cases having slight earthy smell). The values afoua physico-chemical parameters for the ten giowater
samples (S-1 to S-10) are shown in table-3 givdovbe

Table — 3 : Values of different physico-chemical pameters of ground water samples

Electrical Total alkalinity . _| Total hardness ” o .
Cso?jrg?\lli T(eogﬁ)p. pH (;%/SL Conductivity | (asCaCQ) cG HC% (asCaCQ) (%a“_) l\/Ig/ Na Cl™ (mgi)
(uS/cm) (mg/L) (mg/L)| (mg/L) (mg/L) g/L)| (mg/L) | (mg/L)
S-1 23.3| 7.1 116 253 120 0 146 38 8.9 3.4 407 4.3
S-2 23.4| 6.9 94 202 75 0 91.5 28 6.4 2.9 33/6 4.3
S-3 23.0] 6.8 103 225 85 0 103.7 34 6.4 4.4 36(1 5.7
S-4 22.8| 7.0 118 247 125 0 152.5 42 8.4 4.9 374 4.3
S-5 22.7| 6.7 134 285 85 0 103.7 78 20.0 6.8 29.7 21.3
S-6 22.9| 7.0 226 483 225 0 274.% 142 313 156 457 31.2
S-7 23.9| 7.4 213 456 250 0 305 186 36.l 233 194 5.7
S-8 23.4| 7.6 222 479 265 0 323.3 178 385 199 28.3 2.8
S-9 23.1| 7.6 223 463 250 0 305 156 32l 18/5 347 18.5
S-10 23.0| 7.2 363 743 415 0 506.3 172 265 258 917 8.5

Discussion based on the values of different physteemical parameters (shown in table-3) for thegieund water
samples, are detailed below:

Temperature :
The temperatures of the ten samples (S-1 to Sdr@er from 22.7 — 23°@ (table-3). Sample S-5 has the lowest
temperature (22°C) while sample S-7 has the highest temperatur®i@R

pH values :

The pH values of the ten ground water samplesjratbe range 6.7 — 7.6 (table-3). S-5 has the lowekvalue
(6.7) while that of S-8 and S-9 are highest (7 ¢hgalhe ground waters represented by S-2, S-FBahdare slightly
acidic while that of S-1 and S-7 to S-10 are fotmdbe slightly alkaline. But for S-4 and S-6, edwas pH value
equal to 7.0. All these pH values are within dddadimit (6.5-8.5) of BIS standards for drinkingater as well as
that of WHO[16-17].

TDS (Total dissolved solids):

The TDS values of the ten ground water sampleserénogn 94 — 363 mg/L (table-3). S — 2 has the lawakie (94
mg/L) while S-10 has the highest value (363 mgAl).these values are within the desirable limit @5®g/L) of
BIS standards for drinking watgr6]. The TDS value of each of ground water samiglégss than 1000 mg/L; all the
ground waters (S-1 to S-10) may also be used faratomestic purpose[18].

Electrical conductivity :

The electrical conductivity values of the ten grdwmater samples, are in the range 202 — | 7@&m(table-3). S-2
has the lowest value (2Q&/cm) while S-10 has the highest value (@8&m). S-2 to S-4 have excellent water
quality for irrigation purpose as their electricainductivity values are below 28/cm while that of S-1 and S-5 to
S-10 have very good water quality for irrigatiorchese in case of them, electrical conductivity galare within
the range 250-7%(6/cm[15].
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Total alkalinity:

The total alkalinity values of S-1 to S-10, ardhe range 75-415 mg/L (table-3). S-2 has the lowalste (75mg/L)
while S-10 has the highest value (415mg/L). Totkalaity values of S-1 to S-5, are within the dabie limit
(200mg/L) while that of S-6 to S-10, are within fhermissible limit (600 mg/L) of BIS standards &sinking water
[16].

Carbonate (CO§_) and bicarbonate (HCO; ):

The carbonate(EOg_) values of all the ten ground water samples atmdoto be zero as the phenolphthalein

alkalinity (P-alkalinity) of these water samplese azero. But the biocarbonate values (calculatedn fitotal
alkalinity) of these ten ground water samples ({8-5-10), are found to be in the range 91.5-50638 n{table-3).

S-2 has the lowest value t1CO; (91.5 mg/L) while that of S-10 (506.3 mg/L) is thighest one.

Total hardness :

The total hardness values of the ten ground wateptes are in the range 28-186 mg/L (table-3).1&2the least
value (28 mg/L) of total hardness while S-7 hashighest value (186 mg/L). All these values of ibtardness for
the ten ground water samples (S-1 to S-10), areimihe desirable limit (300 mg/L) of BIS standafds drinking
water[16].

The ground waters represented by S-1 to S-4 bdtwegft water category (0-75 mg/L); samples represkby S-5
to S-6 belong to moderately hard water categoryl&® mg/L) while samples represented by S-7 to $€long to
hard water category (150-300 mg/L)[18].

Calcium (Ca*"):

The values of calcium for the ten ground water damare found to be in the range 6.4-38.5 mg/LI€t&8). Both S-
2 and S-3 have equal and least value (6.4 mg/L)hattof S-8 is the highest (38.5 mg/L). All thessdues are
within the desirable limit (75 mg/L) of BIS standarfor drinking water[16].

Magnesium (Mg®*):

All the ten ground water samples have their vatfesagnesium in the range 2.9 — 25.8 mg/L (tablésample S-2
has the lowest value (2.9 mg/L) while sample S-&6 the highest value of magnesium (25.8 mg/L).tdse
values for the ten ground water samples, are withéndesirable limit (30 mg/L) of BIS standards @binking

water[16].

Sodium (Na"):

About sodium contents for the ten ground water dasyphe values of sodium are in the range 19.4.7 fhg/L
(table-3). S-7 has the least value of sodium (18gAL) while that of S-10 is the highest (91.7 mg/Epr the ten
ground water samples, the values of sodium aramiitie threshold limit (200mg/L) of WHO[17].

Chloride (CI™):

All the ten ground water samples (S-1 to S-10) haedr values of chloride ranging from 2.8-31.2mgtable-3).
Ground water represented by S-8, has the loweseV@.8 mg/L) while S-6 has the highest value dbritie (31.2
mg/L). All these values of chloride for the ten gnd water samples, are within the desirable li@&0( mg/L) of
BIS standards for drinking water[16].

Ground water quality for irrigation (or agriculture ):
The values of RSC (residual sodium carbonate) &l (Sodium adsorption ratio) for the ten groundevatamples
(S-1 to S-10) are given below in table-4:

Table-4 : Values of RSC and SAR for different groud water samples

Sample Code No. S S2 SB S4 S5 96 $7 B8 |SB10
RSC (meg/L) J
(Residual Sodium Carbonate)l'6 09 10) 17 04 1L g 1 19 49
SAR
(Sodium Adsorption Ratio)

29| 28| 27 25 15 17 068 09 12 30

As it was already discussed, ground waters repreddry S-2 to S-4 have excellent quality while t@6-1 and S-
5 to S-10 have very good quality for irrigation poase from electrical conductivity values point aw.
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Based on RSC values, ground waters representedlbp $-9 are suitable for irrigation purposestesrtvalues of
RSC are less than 2.5meqglut S-10 has high value i.e. 4.9mg/L (above 2.8.)t}4].

However, SAR values for S-1 to S-10 range from3Bwhich are within the excellent water classifagation
(SAR value upto 10) [1].

Summing up, all the ground waters represented Byt&-S-10 are found to be fit for irrigation (orrglture)
purposes.

CONCLUSION

Based on the discussion of various experimentaltesf different physico-chemical parameters fur ten ground
water samples, it is concluded that the ground emsatepresented by S-1 to S-5 are fit for drinkdugpose from
physico-chemical analyses point of view but foriwgrd waters represented by S-6 to S-10, suitabstnent is
required to keep their total alkalinity values \iitldesirable limit of BIS standards for drinking tem But all the
ground waters (represented by S-1 to S-10) aratsaifor other domestic purposes also.

However, some investigations are necessary so esnfirm whether toxic/carcinogenic metals suctfasPb, Cd,
Hg etc. are present within desirable limit or not.

Further, all the ground waters represented by &9-10 are found to be fit for irrigation (or agiittire) purposes as
are evident from their electrical conductivity, R&ad SAR values.
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