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ABSTRACT

A study was carried out to assesses the quality of ground water in Cuttack city. It was found that most of the
parameters were below permissible limit. Kalyani nagar area and Khapuria industrial area were found to be
more polluted. The ground water of the study area was safe with respect to TC,FC as none of the locations
were above the WHO limit in any seasons. From correlation coefficient it has been observed that TH,
Conductivity, Cl-, TDShave strong correlation with each other. Iron is negatively correlated with TH and F~ is
negatively correlated with pH
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INTRODUCTION

Pollution of ground water has been reported afonumber of cities throughout the world. Degence on
ground water resources for municipal supply giswing due to paucity and pollution of sudawater bodies.
Cuttack, the erstwhile state capital of Odisha arsda traditional Indian town organically vééoped over the
time. The huge population of this area use giouater for drinking and other purposes . A nundfedug and

tube wells have been constructed to meet tbd sbupply of municipality. So it is essentialltave a study of
ground water quality as it is being polluted. MSWIlunicipality Solid Waste ) is heterogeneousnature and
contains paper, plastic, rag, metal, glass pjeash, composite matter, dead animals, discasienhicals, paints,
hazardous hospital waste and agricultural resideessently most of the MSW in Cuttack city &g disposed
unscientifically like other cities of India. Gemadly MSW is collected and deposited in sanitdapndfills. During

land filling of solid waste continuous pressuesults in the quizzing of a contaminatediticas leachate which
contains dissolved, suspended and microbial atintnts from solid waste. The leachate has habganic

contents, soluble salts and other constituergside of polluting ground water. This polluted gnd water is
unfit for drinking and causes jaundice, naussthma and infertility.

The quality of ground water of this area stilemains largely uncharted and a possibility sévere
contamination looms large. Keeping this in viewystematic study on the groundwater qualitys warried out
over a period of two years from January 2009 todbgwer 2010, which include various Physico-Chehaca
microbiological parameters.

Description of study area

Cuttack having latitude of 229’ to 2026’N and longitude of 888’ to 8556’ E. River Mahanadi and its major
distributaries Kathajodi surrounds the city in hoaind south boundaries and the city is situated doab land.
Low lying areas are available centrally. The groteight of the study area varies from 19 to 20mthe north.
The soil beneath the city is composed of unconatdid alluvium in alternating sequence of sand, a&iltl clay, the
depth of which continues up to 120m and is pladeal/a Gondwanaland sedimentary rock of Archean alysts
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(Mahallick, 1992 ). The depth of water table changé&h monsoon, going down to 4-6 m during pre noamsand
rises to 0 to 3m during monsoon and post monsoapndCGWD,1995). Within a depth of 90 meters Hesithe
water tables two confined aquifers could be idedifwhich are lined by impervious clay minerals.eTfirst

confined aquifer lies at a depth of 30 meters whibkness varying from 15 to 40 meters separateoh the second
confined aquifers by clay bed of 15 to 20 metkiskness. There is a possibility of third confiregliifer below the
clay layer overlying the Gondwana basement (Mahalio2 )

EXPERIMENTAL SECTION

To have a through idea regarding ground watetitguaf Cuttack seven different locations were sén. The
locations were chosen keeping in mind that adl #éineas of Cuttack can be covered properly. Tdtaildd
locations of sampling points are described ainlg-01. From each location a particular tubd wehs chosen
and grab sampling was done quarterly from tpatticular tube well. The samples were collectaglastic and
glass bottles as per requirement. Using theselsandifferent physical, chemical and microbiatad) parameters
such as pH, turbidity, conductivity, total hardseshloride, total dissolved solids, iron, fld®j TC, FC were
studied. All chemicals/reagents used were of amalytreagent grade. After sample collection and eund
prgtﬁervation the samples are analyzed in laboraoegrding to water and waste water analysis bidAROQO,
(19" Edition).

RESULTS AND DISCUSSION

pH: pH of the ground water samples varies between &.6.8 during the study period. None of the samples
exceeds WHO limit for drinking purpose. A verlét variation in pH was noticed during differeseasons in all
locations. Itis also noticed that in sumntlke acidic character slightly increases compareainy and winter
seasons. It may be due to decrease of watel. lev

Turbidity: The turbidity of ground water samples variegtween 0.2 to 3.8 NTU. No marked seasonal
variation was observed in the samples . Turbidityground water should be less than 5NTU. Tlbidity is
below 5NTU in all the samples collected from @akt city.

Conductivity: The conductivity of ground water of study areanged between 120 to 10&8ho/cm. No
marked seasonal variation was observed in thaples. But a marked spatial variation was olek in the
samples. L-06 and L-07 recorded relatively higleenductance which might be attributed to tinéerface of
sewage. Conductivity of water is dependent nugbe ions concentration and ionic mobility tké mineral
contents in water. In a simpler way, it is an eérdof the degree to which water is mineralizedrmally the
conductivity of the water increased with inceas Nd, K*, CI, alkalinity and total dissolved solids. The EE€ o
all the samples showed almost similar valoesoime parameters like TDS. The sewage contamimatiay be
responsible for the higher EC values in the dasp

Total Hardness: Total hardness represented by Cagd® water samples ranged from 50 to 411 mgfindu the
study period. No marked seasonal variation @served in the samples. High values were obdelivethe
samples of L-07,L-06, L-01. Calcium and Magnesiomsi as their bicarbonates, sulphate, and cherigleder the
water hard both temporarily and permanentlyghHialue of hardness observed in the ground wafestudy
area seemed to have been influenced by theirimpityxto the sewage drains as higher hardnessoliaerved in
samples which are located close to it.

Chloride: The chloride content of water samples variesnft? to 62 mg/l during study period. A decreased
trend was observed during rainy season in &l ttations. All the samples were found belownissible
limit(250 mg/l) set by WHO in all seasons.

Total Dissolved Solids:Total Dissolved Solid (TDS) values indicate thengral nature of water. The TDS of
samples varied from 88 to 678 mg/l within thedy period. Samples drawn from L-06, L-OZamled high
values of TDS. Higher values of TDS associatedh Wigher residues are normally less potableraag induce
an unfavourable physiological reaction in the g¢ianconsumer. Those samples which are foundhat@ more
TDS may be influenced by domestic sewage assthwage water was found to have high TDSevHitough
out the year. A well marked temporal variation wehserved in the samples. The samples in sumsgasons
exhibit maximum concentration of TDS comparedather seasons. Drying up of the clayed maltabove the
water table during summer might have led axidation which increase the stability of msmals by the
infiltrating water during the recharge period.
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Iron: The analysis of ground water in the study asb@ws Iron concentration ranging from 0.028 &nig/|
during the study periods. Seasonal variation w@laserved in water samples. Higher values wererded in
summer may be due to decrease of water levatedE L-06,L-03, L-02, rest of the samples remgistl lower
amounts of iron concentration. Iron in ground wagipplies is a common problem while WHO recanded
level is <0.3 mg/l. The iron occurs naturallytiee aquifers but levels in ground water carninoeeased by
dissolution of ferrous borehole and hand pumpspmments . Iron is generally present in orgawaste and as
plant debris in soil. Activities in the biosphereay have strong influence on the occurrencehef element in
ground water. Presence of clay layers aboveadfuéer of the study area promotes the developneé reducing
environment and therefore higher levels of #lement in the ground water. Enrichment of Feliithe seasons
indicates the biological cycle and consequertHeay from top soil to the ground water.

Flouride: The fluoride concentration of samples varigdnf 0.20 to 0.58 mg/l during study period. Though
there was no systematic change observed incthrecentration so far as seasonal variatiomewoed but a
little variation was observed among the sampMisthe samples found below permissible tinsiet by WHO
and other regulating organizations. A little re&se in the concentration was observed atdeations in all
seasons which may be attributed to the geolbgiegosition and geochemistry of the locatidks.the sewage
water contain negligible amount of Flouride, ther@s no chance of contamination of the ion witle nearest
ground water source.

TC and FC : The ground water of the study area was sef@one of the locations crossed the WHOtlimi
for TC and FC in any season. Higher counts offdmecal origin is indicative of dangerous ptdio.

Correlation Coefficient: In the present study in order to establiske thatural process and the sources of
pollution a 8x8 correlation matrix from normalizeariables and 6 observations for each poimave been
computed. Prior to statistical analysis Meann8&xd deviation was calculated. From correlatoefficient
matrixes it has been observed that EC, TH, TS have strong correlation with each othero Nlear
correlation between pH and any variables (ex&epthich is negatively correlated with pH ) was netcwhich
indicates that the concentration of differerariables except Fnay not be influenced by the little change in
acidic or alkaline conditions of water. Iron nisgatively correlated with TH and Hs negatively correlated with
pH.

Table 1 Locations of ground water sampling stations

Stations Locations Code No|
01 Bus stand area L-01
02 C.D.A area L-02
03 Pattapolo area L-03
04 Barabati area L-04
05 Near S.C.B. medical college L-05
06 Khapuria industrial area L-06
07 Kalyani nagar of L-07

Table 2 Mean Std. Deviation and co-relation betweedifferent parameters for 2009

Mean  Std. DeviationN
pH 6.129 0.4291 21
Tubd 1.443 0.9595 21
Cond 485.52 315.944 12
TH 142.24 95.434 21
CL 32.29 15.470 12
TDS 308.38 211.293 12
Fe 0.4202 0.36772 21
F 0.3169 0.07727 21
pH Tubd Cond TH CL TDS Fe
pH 1
Tubd 0.285 1
Cond -0.188  0.402 1
TH -0.72 0.518* 0.890** 1
CL -0.254  0.339 0.908** .8@2** 1
TDS -0.163 0.404 0.994**0.889** 0.917** 1
Fe -0.248 -0.398 -0.231 -0.434* -0.346 -0.242 1
F -0.498* -0.299 0.547* 0.445* 0.546* 0.532* -0.263 1
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Table 3 Mean, Std. Deviation and co-relation betweedifferent parameters for 2010

Mean  Std. Deviation N
pH 5.976 4949 21
Tubd .887 .3443 21
Cond 472.38 310.005 21
TH 141.43 92.532 21
CL 31.52 13.582 21
TDS 297.19 188.286 21
Fe .4880 41916 21
F .34467 114662 21

pH Tubd Cond TH CL TDS Fe F

pH 1
Tubd 402 1
Cond .006 .064 1
TH .038 .041 .879 1
CL -.054 .006 .9286 .857*%* 1
TDS .033 122 .988  .909** .931** 1
Fe -.198 .024 -.290 -.512 -.426 -.336 1
F -.580* -.210 .370 191 351 .302 122 ik

Table 4 Yearly average of physico-chemical and miobial parameters for 2009

S.NI | pH | Turbidity | Conductivity] TH| CI | TDS | Iron F | TC | FC

L-01 | 6.5 1.3 296 119 340 194 0.05 0.9 g2 2
L-02 | 6.2 0.7 152 56| 15. 95 1.08 023 2 «
L-03 | 6.2 2.3 383 104 26.0 239 045 0.5 g2 2
L-04 | 5.7 1.3 346 89| 27. 21 033 082 2 K
L-05 | 6.3 0.7 312 109 180 170 0B 088 2 K
L-06 | 6.0 1.2 924 184 48.0 594 0.9 037 g2 K2
L-07 | 6.0 25 986 34 578 656 0.04 0B8 g2 K2

Table 5 Yearly average of physico-chemical and miobial parameters for 2010

S.NI | pH | Turbidity | Conductivity] TH Cl | TDS | Iron F | TC | FC

L-01 | 6.3 0.7 347 143 320 239 0.04 O0p1 g2 K2
L-02 | 6.0 0.9 156 59| 14. 10 123 080 2 K2
L-03 | 6.0 1.2 355 93| 26. 261 06 032 2 K

L-04 | 5.8 1.0 276 82| 28.{ 179 038 085 2 K

L-05 | 5.7 0.5 296 96| 21. 155 035 044 <2 K2
L-06 | 6.1 0.9 885 175 458 510 097 040 g2 K2
L-07 | 5.9 1.0 985 344 538 638 0.05 041 g2 K2

Seasonal variation of physico-chemical and microbigparameters for 2009 and 2010

Table 6 pH
Locations| Winter-09] Summer-0p Rainy-09 Winter-10 m#er-10| Rainy-10|
L-01 6.8 6.0 6.6 6.6 6.0 6.4
L-02 6.4 5.8 6.4 6.2 5.6 60
L-03 6.3 5.9 6.5 6.8 5.2 6.2
L-04 5.8 5.2 6.0 6.4 5.1 6.0
L-05 6.4 5.8 6.6 6.3 5.0 5.8
L-06 6.0 5.4 6.6 6.2 5.6 6.4
L-07 6.2 5.6 6.4 6.1 5.4 6.2

Table 7 Turbidity (NTU)

Locations| Winter-09] Summer-0p  Rainy-09 Winter-10 m$uer-10| Rainy-10
L-01 1.4 0.4 2.0 0.6 0.4 1.02
L-02 0.4 0.2 1.6 14 0.4 1.0
L-03 3.6 14 2 1.6 1.2 0.8
L-04 2.0 0.8 1.2 1 0.8 1.2
L-05 0.8 0.4 1 0.6 0.4 0.6
L-06 1.6 0.9 1.2 1.0 0.8 8.0
L-07 3.8 1.2 24 1.0 0.6 14
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Table 8 Conductivity(umho/cm)

Locations| Winter-09] Summer-0p Rainy-09 Winter-10 m$uer-10| Rainy-10
L-01 388 266 232 370 312 358
L-02 120 178 158 146 158 164
L-03 422 378 350 378 356 330
L-04 332 370 336 300 276 252
L-05 301 328 306 288 309 292
L-06 972 958 842 888 912 856
L-07 1086 950 923 972 1088 894

Table 9 Total Hardness(mg/l)

Locations| Winter-09] Summer-0p Rainy-Q9 Winter-10 m#er-10| Rainy-10|
L-01 120 106 104 134 158 136
L-02 50 61 58 58 64 56
L-03 112 100 94 100 94 84
L-04 96 84 86 92 80 74
L-05 114 107 100 104 95 90
L-06 234 169 158 188 168 170
L-07 411 322 301 380 333 312

Table 10 chloride(mg/l)

Locations| Winter-09] Summer-0p Rainy-09 Winter-10 m$uer-10| Rainy-10
L-01 44 32 26 40 30 26
L-02 16 18 12 14 16 12
L-03 30 28 20 28 30 21
L-04 26 34 22 28 34 24
L-05 18 20 16 20 24 19
L-06 48 56 40 42 50 44
L-07 56 62 54 52 60 48

Table 11 TDS(mg/l)

Locations| Winter-09] Summer-0p  Rainy-09 Winter-10 m#er-10| Rainy-10
L-01 238 194 150 242 236 240
L-02 88 104 94 92 106 110
L-03 292 218 208 268 260 254
L-04 206 216 209 194 180 164
L-05 165 178 166 150 161 154
L-06 604 598 580 524 518 489
L-07 676 652 640 612 678 609

Table 12 Iron(mg/l)

Locations| Winter-09] Summer-0p  Rainy-09  Winter-10 m$uer-10| Rainy-10
L-01 0.028 0.08 0.03 0.04 0.06 0.03
L-02 0.96 1.4 0.88 1.1 1.6 1.0
L-03 0.44 0.56 0.34 0.56 0.69 0.54
L-04 0.32 0.4 0.28 0.36 0.48 0.3
L-05 0.3 0.38 0.22 0.34 0.46 0.26
L-06 0.62 0.88 0.58 0.66 0.94 0.72
L-07 0.037 0.056 0.032 0.04 0.06 0.038

Table 13 Flouride(mg/l)

Locations| Winter-09] Summer-0p Rainy-09 Winter-10 m$uer-10| Rainy-10
L-01 0.29 0.36 0.22 0.31 0.38 0.23
L-02 0.2 0.26 0.22 0.24 0.39 0.26
L-03 0.218 0.29 0.23 0.31 0.36 0.3
L-04 0.268 0.39 0.3 0.32 0.42 0.31
L-05 0.34 0.44 0.36 0.36 0.58 0.38
L-06 0.32 0.44 0.36 0.36 0.51 0.32
L-07 0.32 0.44 0.39 0.34 0.54 0.36
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Yearly average of physico-chemical and microbial pameters of the year 2009-2010

Fig 1
Comparison of yearly average of pH at different locations of Cuttack
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Fig 2
Comparision of yearly average of Turbidity at different locations of Cuttack
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Fig 3
Comparision of yearly average of Conductivity at different locations of Cuttack
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Comparision of yearly average of TH at different locations of Cuttack
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Fig 5
Comparision of yearly average of Chloride at different locations of Cuttack
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Fig 6
Comparision of yearly average of TDS at different locations of Cuttack
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Fig 7
Comparision of yearly average of Iron at different locations of Cuttack
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Fig 8
Comparision of yearly average of Flouride at different locations of Cuttack
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Seasonal variation of physico-chemical and microbigparameters for 2009 and 2010

Fig 9

pH at different locations in different seasons for the year 2009 & 10
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Fig 10
Turbidity at different locations in different seasons for the year 2009 & 10
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Fig 11
Conductivity at different locations in different seasons for the year 2009 & 10
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Fig 12
TH at different locations in different seasons for the year 2009 & 10
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Fig 13
Chloride content at different locations in different seasons for the year 2009 & 10
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Fig 14
TDS at different locations in different seasons for the year 2009 & 10
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Fig 15
Iron content at different locations in different seasons for the year 2009 & 10
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Fig 16
Flouride content at different locations in different seasons for the year 2009 & 10
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CONCLUSION

From the results obtained and subsequent disgussiwas found that the most potential sowfcground water
contamination from Physico-Chemical as well ascrobial point of view is the domestic seweragemését all
ground water sources located near to the glraire relatively more polluted. Hence these tubks should be
abandoned or should not be used for drinkdogposes by the residents of that locality. Phgsico-Chemical
and microbial parameters show that ground wiateafe for consumption being with safe limfisescribed by
WHO. But the tube wells located adjacent to theprotected septic tanks are contaminated. Aves® should
be created among the people about the effectsiof polluted water. Municipal Corporation shib look into
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the matter to make concrete drain and concesfptic tank and treatment system and make ttihe wells
away from the source of pollution. The high camts of iron contents found in water sampfeay be due to
contamination from hand pumps of iron make shoeldreplaced with PVC pipes.

The high population density of Cuttack city daming high volume of water for drinking atdthing. As a
result there is depletion of ground water tadhel also the ground water is getting contatathadue to
unplanned way of discharge of solid waste amdaktic waste. We should make a rule in eaasénchold and
all institutions and offices to make water hatigy in their own building in order to increaghe ground
water table. Also the Government should takesder using ground water and permission shooé taken
before digging the tube wells. By this way tletravagant use of ground water can be résstric
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