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ABSTRACT

Ten ground water samples collected from different locations in and around Imphal city of Manipur during
September of monsoon period (2013), were analyzed for physico-chemical parameters such as temperature, pH,
TDS (total dissolved solids), electrical conductivity, total hardness, calcium (Ca), magnesium (Mg), sodium (Na),
potassium (K) and chloride (Cl). Values of percent sodium (%Na) and SAR for these ten ground water samples,
were also calculated. Based on the various experimental results, it is arrived at the conclusion that the ground
waters represented by S1 (near Kwakeithel Bazar, Imphal), S'9 (Paomei Colony (1), Imphal) and S-10 (Paomei
Colony (2), Imphal) are fit for drinking purpose but in case of reaming ones some suitable treatments are necessary
so as to keep the values of some parameters within desirable limits of BIS standards for drinking water. Further all
the ground waters (represented by S1 to S10) are also found to be fit for other domestic and irrigation (or
agriculture) purposes.
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INTRODUCTION

Quantity of surface water is decreasing day by dHyover the world because of rapid urbanizatiord an
industrialization. Increase in population growth @ler the world day by day, enhances such rapidnization.
Because of such increasing population growth ackl éd awareness among the people, the chancesfatswater
pollution increases to a large extent. But in maages, the chances of pollution in ground wateeletively very
low. This may also be one of the factors that aregts the demand of the people for the groundrwate

Ground water is about 0.6% of the total global wagésources and out of this only 0.3% is extraet&zionomically
[1]. However it is highly needed to investigate th&lity of such ground water whether they willfhdor drinking,
other domestic and irrigation (or agriculture) mses.

In many countries of the world such as Russia, idexCongo, Nizeria, Algeria, Nepal etc. many reskars
carried out extensive investigations regarding dbality of ground water for drinking, domestic amdgation
purposes [2-7]. Similar is the trend in India al3bere is increasing demand of ground water alr drdia and
many researchers had carried out various invegiigatbout the ground water quality in order toneixee whether
they were fit for drinking, domestic and irrigatiparposes [8-15].

The present aim of the research work is to cartypbysico —chemical assessment of ground wateiitygudlsome

areas in and around Imphal city of Manipur so asx@amine whether they are suitable for drinkingpeotdomestic
and irrigation (or agriculture) purposes or notisTik in continuation of my former research workJ.1
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EXPERIMENTAL SECTION
All the chemical reagents used for this researctkywsere of AR grade quality and were used as vecki

Ten (10) ground water samples were collected frdfferént locations (sampling sites) of Imphal cidfy Manipur,

in well sterilized polythene bottles of 1 litre @ity each during September (of monsoon period}32nd they
were analyzed for various physico-chemical pararaeféhe geographical locations such as longituddsatitudes
of the various sampling sites, were measured Wwithhielp of a GPS instrument. The locations of thifié sampling
sites, are given below in table—1:

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

Sample code No. Sampling sites District Longitude dtitude

S-1(Hand Pump) Near Kwakeithel Bazar, Imphal ImpNhakt | 9855'23.72"E | 2447'21.05"N
S-2(Hand Pump) Keishamthong Elangbam Leikai, Imphal Imphal West| 2%6'07.72"E | 2447°'30.59"N
S-3(Hand Pump) Sangakpham, Near foothill, Imphal pHed East| 9%6'41.78"E | 2449'57.56"N
S-4(Hand Pump) Chingmeirong Kabui Khul, Imphal ImpRast | 9%6'52.90"E | 2449'52.61"N
S-5(Hand Pump) Chingmeirong Mamang Leikai (1), (NEastern Motors), Imphal  Imphal East  "8644.00"E | 2449'51.34"N
S-6(Hand Pump) Chingmeirong Mamang Leikai (2), ladph Imphal East| 9%56'52.49"E | 2449'45.79"N
S-7(Hand Pump) Tangkhul Avenue, Imphal Imphal East| 9%6'52.85"E | 2449'45.70"N
S-8(Hand Pump) Near Sangakpham Bazar, Imphal (@ppdsen Bosco School) Imphal Eagt °98'47.27"E | 2449'59.84"N
S-9(Hand Pump) | Paomei Colony (1), Imphal (Mr. Paul's Resicien Imphal East| 936'43.48"E | 2450°07.06"N
S-10(Hand Pump)]  Paomei Colony (2), Imphal Imphal East| 9%6'43.54"E | 2450'07.81"N

Parameters such as temperature, pH, TDS (totabldéss solids) and electrical conductivity of then tdifferent
samples, were measured at the ten different sagpiias (spots) while other remaining parametetatHtardness,
calcium, magnesium (by calculation) and chlorideravdetermined in departmental research laboratsiggu
standard methods [17]. Bur sodium and potassiune @etermined using flame photometer.

The various instruments and brief methods usednieasurement (or determination) of various phystoertcal
parameters, are shown in table—2 below:

Table — 2: Instruments /methods used for measureméfor determination) of various physico-chemical peameters of different ground
water samples

Parameters measured/ determirjed
Temperature

pH

TDS (Total dissolved solids)
Electrical conductivity

Total hardness

Instruments/metiseds
TDS Meter (TDS-3) (TDS/Temp.) (HIMEDIAdia)
pHep® Pocket-sized pH Meter (HI98107) (HANNAthusnents, Romania
TDS Meter (TDS-3) (TD&mp.) (HIMEDIA, India)
Conductivity Tester (DiSTH198303) (HANNA Instruments, Romania)
EDTA Titrimetric Method (Using EBidicator)

Calcium (Ca) EDTA Titrimetric Method (Using Murexadndicator)

Magnesium (Mg) Calculation Method

Sodium (Na) Flame Photometer 128 (Systronics, )ndia

Potassium (K) Flame Photometer 128 (Systronicsa)nd

Chloride (CI) Argentometric Titrimetric Method (Ug K.CrO, indicator solution)

Further the parameters percent sodium (%Na) of téme ground water samples, were calculated using the
relationship [18]:

Na+K

Cat+Mg+Na+K
equivalents/litre( meg/L).

%Na= x100 where ionic concentrations of Na, K, Ca and Mg evexpressed in milli—

And the parameter SAR (sodium absorption ratiojhef various ground water samples, were calculasétguhe
relationship [18]:

Na

/Ca+Mg
2

sodium.

SAR= , where the ionic concentrations of Na, Ca and Were expressed in meg/L as that of percent
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RESULTS AND DISCUSSION

All the ground water samples are found to be cdémsrand odourless. The various experimentally dodata of
different physico-chemical parameters for the ) ground water samples, are shown in table—3abelo

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

Sample Temgerature pH TDS cﬂfﬂ&?ﬁlty TO(tr?:gf}ﬁrt;r;ess Ca Mg Na K cl
Code No. ") (mg/L) (14 Slcm) cacQ) (mg/L) (mg/L) (mg/L) | (mg/L) | (mg/L)

S-1 257 7.5 265 526 70 8 122 78.4 13 5.7
S-2 24.4 7.9 644 1253 160 22.4 25.4 201}4 1B 131.9
S-3 237 6.9 462 910 282 37.7 45.9 80.4 13 106.4
S-4 24.3 7.4 491 997 406 68.9 57.1 47.8 1.0 113.4
S-5 25.2 7.4 471 903 346 52.1 52.17 63.4 12 170.2
S-6 23.6 7.8 416 817 320 54.5 44.9 47.8 1.0 964
S-7 23.5 7.8 557 1094 302 48.1 44.4 108}8 1B 15y.
S-8 231 7.0 284 560 114 16.8 17.6 48.5 13 355
S-9 23.7 7.6 385 774 170 24.0 26.9 10441 1L 156
S-10 235 7.6 403 805 182 25.7 28.4 1071 1p 18.4

Again, various calculated values of percent sod{&h and SAR (sodium absorption ratio) for the grbwmater
samples, are given in table—4 below:

Table — 4: Values of percent sodium (%Na) and SARof different ground water samples

Sample Code No. | S-1 S-2 S-3 S-4 S-b S16 b-7 $-8 5-3B-10
Percent sodium (%Na) 70.9% 73.3% 38.4% 20/6% 28/724.5% | 44%| 48.49 57.2% 56.2%
SAR | 41 6.9 2.1 1.0 15 1.1 2.7 2.9 3] 34

Discussion based on the results shown in tabled3aiiie—4 mentioned above, are detailed below.

Temperature

Water has more dissolved oxygen at low temperatnckhas a good taste than that of at higher termyperfL9].
The temperatures of the ten ground water sampldst(SS-10) range from 23.1 — 287 (table—3). S—1 has the
highest temperature while that of S-8 is the lowest

P" Values
The pH values of the ten ground water samples {®<3-10) are in the range 6.9-7.8 (table-3). S-&ry slightly
acidic; S-8 is neutral while S-1, S-2, S-4 to S3d &-9 to S-10 are slightly alkaline.

All the pH values of the different ground water gd@s (S-1 to S-10) are within the desirable lingit5(— 8.5) of
BIS standards for drinking water as well as that{O [20-21].

TDS (Total dissolved solids)

TDS is another important parameter which is usedidtate whether the water is fit for drinking amither domestic
purposes or not. The TDS values of the ten sanffldsto S-10) range from 265-644 mg/L (table—3) ST¥alues
of S-1, S-3 to S-6 and S-8 to S-10 are within tasirdble limit (500 mg/L) while that of S-2 and & within the
permissible limit (2000 mg/L) of BIS standards fisimking water [20].

Since TDS values of the ground water samples (&3-10) are less than 1000mg/L, all of them maysed for
domestic purpose [22].

Electrical conductivity
The values of electrical conductivity of the telgnd water samples are in the range 526-1253cm (table-3). S-
2 has the highest value while S-1 has the leastval

Total hardness

The total hardness values of the ground water ssr(8-1 to S-10) range from 70-406 mg/L (table.-S3} has the
lowest value while that of S-4 is the highest. O8hL is within soft water category (0-75 mg/L); $8longs to
moderately hard water category (75-150 mg/L); $-343 and S-8 to S-10 are within hard water cate{s0-300
mg/L) but S-4 to S-7 belong to very hard water gatg [22].
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The total hardness values of S-1 to S-3 and SS816 are within the desirable limit (300 mg/L) vehthat of S-4 to
S-7 are within the permissible limit (600 mg/L)BIS standards for drinking water [20].

Calcium (Ca)

The values of calcium of the ten sample (S-1 tdOpdke in the range 8-68.9 mg/L (table-3). S-1 theslowest
value while S-4 has the highest value. Howeverthadl values of the ten samples are within the delgrlimit
(75mg/L) of BIS standards for drinking water [20].

Magnesium (Mg)

As shown in table—3, the values of magnesium oté¢heground water samples (S-1 to S-10) range ftdard -57.1
mg/L. S-1 has the lowest value while S-4 has tighdst value. Only the values of Mg of S-1 to S-& 88 to S-10
are within the desirable limit (30 mg/L) but thdt®-3 to S-7 are within the permissible limit (16@/L) of BIS

standards for drinking water [20].

Sodium (Na)

About the sodium contents of the ten ground waterges (S-1 to S-10), the values of sodium aréérrange 47.3
— 201.4 mg/L (table — 3). S-6 has the lowest valhde that of S-2 is the highest. Except the sangpi2, other
samples namely S-1 and S-3 to S-10 have their sadfisodium within the threshold limit (200 mg/L) WHO
[21].

Potassium (K)
Regarding the potassium contents of the differeotigd water samples, all of them (S-1 to S-10) Hawevalues
ranging from 1.0 — 1.3 mg/L (as shown in table-3).

Chloride (Cl)

For the ten ground water samples (S-1 to S-10)ydhees of chloride range from 5.7 — 170.2 mg/blga- 3). S-1
has the lowest value while that of S-5 is the hégha&ll the values of chloride of the different gral water samples,
are within the desirable limit (250 mg/L) of BlSaetlards for drinking water [20].

Ground water quality for irrigation (or agriculture )

Regarding the qualities of the different ground exatfor irrigation (or agriculture) purpose basedtbe values
%Na and SAR (table-3), ground waters represenyefi-B to S-10 are of good quality as the valuepestent
sodium (%Na) of these eight samples are less tB&n[&8]. However, the SAR (sodium absorption ratialues of
the ten samples, are within the excellent wategsc{8AR value upto 10) as shown in table—4 [1].alldhe ground
waters represented by S-1 to S-10 are fit foratia@n (or agriculture) purpose.

CONCLUSION

From the above discussion based on various expetaineesults, it is concluded that ground watepsesented by
S-1 (near Kwakeithel Bazar, Imphal), S-9 (Paomdb@yp (1), Imphal) and S-10 (Paomei Colony (2), Imphare
fit for drinking purpose from physico—chemical aysa#s point of view. But in case of S-8 (near Sappakn Bazar,
opposite of Don Bosco School), the colour of watleanges to reddish brown after keeping for somedrager
period showing high percentage content of iron gatctly determined). So, it is unfit for drinkipgirpose though
it seems to be fit for drinking purpose from physiemical analysis point of view. In addition tasthother ground
waters represented by S-2 to S-7 are unfit forkilionpurpose as the values of some parametersafadhem, are
not within the desirable limits of BIS standards doinking water. So in case of S-2 to S-7, sonitable treatments
are necessary so as to keep the values of somengigra within the desirable limits of BIS standafi@isdrinking
water.

Again, all the ground waters represented by S8-i® are also fit for other do mestic and irrigat{or agriculture)
purposes.

Acknowledgements

The author is thankful to the Principal, D.M. Cgleof Science, Imphal for some of the laboratomilifees
provided for the research work and also to thosallinhabitants (persons) of different samplingsitwho had
extended their cooperation.

541



Nandababu Singh Laishram J. Chem. Pharm. Res,, 2013, 5(11):538-542

REFERENCES

[1] H.M. Raghunath. Ground Water® Edition, New Age International (P) LtéPublishers, New DelhR007 1-
308.

[2] V.A. Chudaeva; O.V. Chudaeva; S.G. YurchenkoSkKigimory; M. Matsuo; A.Kundndian J. Mar. Sci., 2008
37(2), 193-199.

[3] E. Ramirez; E. Robles; M.E. Gonzalez; M.E. Ntaez. Air, Soil and Water Research, 201Q 3, 105-112.

[4] L. Matini; C.Tathy; J.M. MoutouRes. J. Chem. i, 2012 2(1), 7-14.

[5] B.A. Adebo; A.A. AdetoyinboScientific Research and Essay, 2009 4(4), 314-319.

[6] L. Belkhiri; A. Boudoukha; L. Mounilnt. J. Environ. Res., 2011, 5(2), 537-544.

[7] D.R. Pathak; R. Yatabe; N.P. Bhanddnt. J. Water Res., 2013 1(1), 12-20.

[8] M.R. Sinha; A. Dev; A. Prasad; M. Ghosh; R.Nagbre. J. Chem. Pharm. Res., 2011, 3(3), 701 — 705.

[9] S.M. Mazhar Nazeeb Khan; A. RavikumarChem. Pharm. Res., 2012 4(10), 4514-4521.

[10]P.N. Wavde; A.B. Bhoslél. Env. Sci. Eng., 2010 52 (1), 57-60.

[11]K. Karthikeyan; S. PoongothaRoll. Res., 2011, 30(1), 77-80.

[12] R. RakeshRes. J. Chem. &ci., 2012 2(7), 79-81.

[13] D. Rajmohan; M.K. Rawad. Ind. Council Chem., 201Q 27(2), 232 — 235.

[14]S.B. Basavaraddi; H. Kousar; E.T. Puttaiadoian J. Env. Prot., 2012 32 (5), 361-369.

[15]B. Das; J. Talukdar; S. Sharma; B. Gohain; FDKitta; H.B. Das; S.C.Da&urr. ci., 2003 85 (5), 657-661.
[16]N.S. LaishramJ. Chem. Pharm. Res., 2013 5(8), 110-114.

[17]A.E. Greenberg; L. Clesceri; A.D. Eaton. Starti Methods for the Examination of Water and WaStser,
18" Edition, APHA, AWWA and WEF, Washington, DC 20000592.

[18] D.K. Todd. Ground Water Hydrology"2Edition, John Wiley & Sons (Asia) Ptetd., Singapore2004 300-
302.

[19]P. Sankara Pitchiah. Ground Water, ScienBfiblishers Jodhpur, India995 79-80.

[20] BIS 1S10500: Indian Standards Drinking WatgeSification (First Revision), "8reprint, Bureau of Indian
Standards, New Delh?008.

[21]WHO. Guidelines for Drinking Water Quality"4dition, World Health Organization, Geneva, Swilaed,
2011, 224-334.

[22]N. Manivasakam, Physico—-Chemical Examinatioh Water, Sewage and Industrial Effluents, Pragati
Prakashan, Meerut, IndiaD08 34 — 57.

542



