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ABSTRACT

Ground water quality is important as it is the main factor determining its suitability for drinking, domestic,
agricultural and industrial purposes. The suitability of groundwater for drinking and irrigation has been assessed in
patancheru industrial area of medak district of Andra Pradesh, India. In order to assess the ground water quality
forty ground water samples were collected in pre-monsoon 2008 and post-monsoon 2008 and analyzed for physical
and chemical parameters. Physical and chemical parameters of groundwater such as electrical conductivity, pH,
total dissolved solid, Na, K, Ca, Mg, HCO;3, Cl, and SO, were determined. The result shows that the groundwater of
the study area is not suitable for drinking purposes and also not suitable for irrigation under ordinary conditions,
but may be used occasionally under very special circumstances.
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INTRODUCTION

Despite some awareness regarding groundwater jpollit the industrial parts of Medak, a great dsél remains
to be done to document the extent of the problepnuf 400 (large and small) industries are in tlEaaand since
1977 these have been engaged in the manufactwdugtion, and processing of pharmaceuticals, pants
pigments, metal treatment and steel rolling, cotind synthetic yarn, and engineering products. Mbshem use
various inorganic and organic chemicals as raw nadge Apart from discharging waste effluents ithe streams,
semi-solids are burned in the open. The leachata these wastes, combined with precipitation, tnafies to the
shallow water table. Water pollution not only ateground water quality but also threats humantheatonomic
development, and social prosperity. The qualityvafer is equally important to its quantity owingthe suitability
of water for various purposes. The groundwatenis of the most contaminated natural resource$eirstudy area,
due to unplanned and random industrial growth abé@nization without following basic pollution coatrnorms.
The rapid industrialization initiated in early 19f@s started showing up its after effects few y&ses in the form
of physicochemical contamination of the both swefaad groundwater bodies of the area. Poor peapleot able
to drink safe water as well as plant and aquafi tias also affected throughout the years, in spitsome
preventive and remedial measures being initiatdfater quality data is essential for the implemeéotatof
responsible water quality regulations for charanteand remediating contamination and for the mtite of the
health of humans and the ecosystem. Regular momtaf ground water resources thus plays a key mole
sustainable management of water resources. Theohithe study is to investigate the effects of thduistrial
activities on ground water quality and its suitpifor drinking and irrigation purposes.
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MATERIALS AND METHODS

The Study Area

The Patancheru and Bolaram Industrial Developmemtag (IDAs) (78°08-78°23 east longitude and 17°30
17°42 north latitude) of the Medak district are locatdzbut 35 km from Hyderabad, Andhra Pradesh (ARJiatn
the location is shown in Fig. 1.

o
o
S
O
o
o
S
=
o
o
S
N
.
L 9
o S
s o
=
o S
c S
= ©
5
=Z 8
o
({=]
o 2 .
%’,r— O G.W Sampling
@7 Surface water sampling
o
8—QTank
o~
N\ Road
o

T T T I | T T T T | T
2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000

Easting in meter
Ground water sampling

1.Kazipally 2. Mallampet 3.Kistareddy pet4. Sultan pur 5. Balaram

6. Patancheru 7. Muthangi 8. Pocharam 9. Ganapathigudam 10. Chitkul
11.Bacheguda 12.Pedda kanjerla 13.Chinna karfiérBithole 15.cheduruppa
16. Arutla 17. Ismail khan pet 18. Rudraram9. Inderesham 20.Inole

Surface water sampling
1.Kazipally lake 2. Gandigudem lake 3. AsanikuntKistareddy pet lake 5. Palma vagu 6.Pedda vaguakk#
vagu

3.1 Hydrogeochemical sampling procedure

The objective of sampling is to collect a portidmmaterial small enough in volume to be transpodedveniently
and handled in the laboratory while still accunatetpresenting the material being samp|gd (APHA, 1992).
Samples, however, have to be handled in such atleyno significant change in composition occurbizethe
tests are made.

A total number of 40 groundwater samples were ctdié for physico-chemical analysis in two succesgike-and
post-monsoon seasons corresponding to Pre-mong@éahd Post-monsoon 2008.

The water samples were collected and stored ited dapacity clean plastic bottles. Before coltattof samples,
the bottles were properly washed. Prior to colferctihne samples, the containers were rinsed by #terwo be
sampled. The wells were duly pumped before coligctheir sample so that the stagnant water, if engompletely
removed from storage within the well assembly. Tiegor ion analyses were carried out at Nationalghgsical
Research Institute, Hyderabad.

3.2 Analytical techniques for major ions

The water samples were analyzed as per the stanuztttbds of APHA (1992). Values of pH were measurgd
portable digital water analyses kit with electrad€ke instrument was calibrated with buffer solotidhaving pH
values of 4 and 9. Total dissolved solids (TDS)emealculated by summing up the concentrationslahal major
cations and anions. The values of electrical cotidityc (EC) were measured by portable kit with étedes in the
lab.
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The concentrations of Ca Mg*™, CI, HCO; and total hardness were determined by volumetdthod. C&" and
Mg*™* were determined by EDTA titration. For HGCHCI titration to a methyl orange point was us@tloride was
determined by titration with AgN©solution. Flame emission photometry has been fizethe determination of
Na" and K. In this method water sample is atomized and srayto a burner. The intensity of the light enuttey
a particular spectral line is measured with thephefl a photoelectric cell and a galvanometer. Satiphvas
determined by gravimetric method.

RESULTS AND DISCUSSION

The analytical data of successive pre-and post-ownseasons for groundwater sample correspondinguoe
2008 and November 2008 are given mg/l is in tabl&1b. Equivalents per million (epm) values arealalculated
and given in table 2a and 2b for above periods.

4.1 Physico-chemical attributes of groundwater
The properties of groundwater of the area undetystun terms of fundamental parameters, such ashaktiness,
total dissolved solids and EC are given below.

4.1.1 Electrical Conductivity
The electrical conductivity with 400 pmhos/cm af Z5is considered suitable for human consumption QWH
1984), while more than 1500 pumhos/cm &t @5nay cause corrosion of iron structures.

On the basis of electrical conductance, groundwatelassified as given by Sarma and Narayanaswaesi)[2].
In the study area, Electrical Conductivity valuemges between 3800-11800uS/cm during June 2008 EThe
values during November 2008 ranges between 3600aLi&/cm.

4.1.2 Hydrogen lon Concentration (pH)

Values of pH were measured at well sites, whiclyeabetween 7.24 to 8.6 and 7.15 to 8.64 duringhpyasoon
2008 and post-monsoon 2008, respectively (Tablesich b). The groundwater thus is mildly acidic tglsly
alkaline in nature.

4.1.3 Hardness

In the area of study the hardness value varies 688to 3560 mg/l and 652 to 3800 mg/l in pre-aadtymonsoon
2008 and he average value for above period is 2489/1& 1400 mg/l, respectively. It was found tladit samples
are higher than desirable limit for drinking purps®of >300 mg/l in above periods. So, all the sanapé not fit for
drinking purpose within the permissible limit afrtking water standard (BIS, 1991).

4.1.4 Total Dissolved Solids (TDS)

Total dissolved solids (TDS) have been calculatgdimming up all the major cations and anions (@dla and
1b) and the correlation between TDS and instrunigntetermined EC excellent. TDS values for Jun@Q&
samples range from 2410 to 7500 mg/l, the averaggeevfor the samples being 4018 mg/l. The TDS watiiging
November 2008 range between 2301 to 7484 mg/l avithverage value of 4077 mg/l. The TDS concentratias
found to be above the permissible limit may be tu¢he leaching of various pollutants in to the ugrd water
which can decrease the pot ability and may caus&amtestinal irritation in human and may alswéddaxative
effect particularly up on transif3].

Drinking water becomes significantly unpalatableT&S value >1000 mg/l. From this point of view, r&f@re,
groundwater in the study area is not really ideal.

4.2 Drinking Water Quality

The groundwater samples for both the seasonsreeand post-monsoons 2008 shows the high TDS ctradiem
and are above the permissible limit of 2000 mg/L @/H997 & BIS 1991 and making the water unsuitable f
various domestic activities. Based on TDS valuegi€aand DeWiest (199¢4]propose a threefold classification
of groundwater. (1) Domestic (<500 mg/L) (2) Iriga (500-1,000 mg/l) and (3) Industry (>1,000 myg/L
According to this classification all the samplesboth seasons are in category (3). The &dcentration is also
above the highest desirable limit of 400mg/l. Tt@, Boncentration of eight & nine samples in both thase®ns
cross the maximum permissible limit of drinking relards (BIS 1991). The high intake of S@ay result in
gastrointestinal irritation and respiratory probgeto the human system (Subramani et al 2005, MIag2, Subba
Rao 1993)5] [6] [7]. Fourteen samples of Pre-monsoon 2008 & sevenlesamppost-monsoon 2008 have nitrate
concentration more than highest desirable limd®ing/l (BIS). The high concentration of nitratediinking water
is toxic and cause blue baby disease / metaemagleliia in children and gastric carcinomas. In poghand post-
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monsoon of samples of 2008, fluoride concentratroeeds the maximum permissible limit of 1.5mg/lickhis
hazardous for human consumption (BIS 198L)

Table- 1a: Results of Chemical analysis in mg/l (g-monsoon 2008)

S.No. Location PH | seEan engy| TDS | Hardness| HCQ | i | SO, | Na | K | Ca | Mg
1 KAZIPALLY 7.24 11700 7500 1030 563 310(¢ 1040 230080 | 222.4| 116.4
2 MALLAMPET 7.34 6200 3960 1600 548 1434 487 645 .98[L 332 189
3 KISTAREDDYPET 7.95 4300 2725 801 702 798 32b1 360 25 | 2015 724
4 SULTANPUR 8.01 4800 301 1110 715(3 1002 255 B2p.12.1| 288 95.4
5 BOLARAM 7.81 11800 750Q 1650 736] 341214 687.4 440 10.9| 389.1 1641
6 PATANCHERU 8.22 7200 466 1800 745 1745 578 880 5.32 484 144
7 MUTHANGI 7.98 5400 3432 769 704 10041 554 855 12201 65
8 POCHARAM 7.95 8700 550 2740 71144 2194 764 705 1.12 765.9] 201.5
9 GANAPATHIGUDEM | 7.95 10200 650( 3560 841 2801 642 705 45 1045| 230
10 CHITKUL 7.68 5000 321qQ 867 689 1260 1913 745 21201 89
11 BACHUGUDA 7.67 10800 690! 3100 714 3150 640 190036 | 321.4| 180
12 PEDDA KANJERLA 7.85 4400 2800 777 704/5 936 222 603 8 209 62
13 CHINNA KANJERLA | 8.6 4400 2841 1050 568 101D 261 553 15.1| 265 95
14 BITHOLE 7.62 3800 241( 757 551 880 203 521 9 17578
15 CHUDURUPPA 7.94 4500 288b 943 678 96pR 251 645 1 D.256 74
16 ARUTLA 8.01 3800 2445 1040 698 645 285 426 13872 78
17 ISMAIL KHAN PET 8.2 4000 255Q 693 731.9 721 312 564 94 136 86
18 RUDRARAM 7.79 4200 2684 1070 680 864 4585 460 1.2290 85
19 INDERESHAM 7.32 7200 444 2180 784 1725 556 687 37 501 225
20 INOLE 8.02 5200 3300 790 1390 122b 215 621 16 5 24 245

Table- 1b: Results of Chemical analysis in mg/l (t-monsoon 2008)
S.No. Location pH E.C TDS | Hardness| HCQ | CL SO, Na K Ca Mg
(useimens)

1 KAZIPALLY 7.15 11400 7310 1100 521 3091 1089 2219 45 201 145
2 MALLAMPET 7.35 4600 2950 1160 558 957 41p 408 98282.1 112
3 KISTAREDDYPET 7.42 4500 281 763 660 845 314 585 32 198.4 | 65.2
4 SULTANPUR 741 4100 261 979 689 902 198.2 481 15267 76
5 BOLARAM 7.17 11600 7484 1560 765 3210 888.1 2p45.10.1 387 145.2
6 PATANCHERU 8.05 6900 4443 1910 706(9 1574 647 697 45 561 123
7 MUTHANGI 7.54 5600 3561 652 698 1190 521 898 5 871| 45
8 POCHARAM 7.56 8700 5532 2950 756 2069 701 765 531.801.4 231
9 GANAPATHIGUDEM | 7.43 9900 631( 3800 7895 27y5 @51 711.9 21| 1125.6 214
10 CHITKUL 8.64 4900 3159 960 678 1198  220.9 699 .130 251 81.4
11 BACHUGUDA 7.89 10600 675 1400 8472 2900 615 18p09.1 324 145
12 PEDDA KANJERLA 8.25 4300 2732 845 654 918 265 75§ 17 210.5 83
13 CHINNA KANJERLA | 7.88 4700 310( 977 628 1125 235 610 10.2 245 89
14 BITHOLE 7.95 3800 2453 822 587 845 216 516 14 618 87
15 CHUDURUPPA 8.3 4800 305p 933 784 o014 214 610 517 278 58
16 ARUTLA 8.23 3600 2301 770 711 601 254 45)¢ 5 231 47
17 ISMAIL KHAN PET 8.3 4100 2660Q 886 742 70p 36p  554| 10.9 233 74.1
18 RUDRARAM 7.76 4180 2663 1220 712 775 351 385 1.5365 75
19 INDERESHAM 7.55 6600 420 1940 755 1641 500 680 35 445 201
20 INOLE 7.36 6000 383¢ 725 1390 1200 241 544 0 8 2p 175

4.3 Groundwater suitability for Irrigational Usages

The suitability of groundwater for irrigation ispendent on the effects of the mineral constituehtsater of both
the plant and soil. Salt may harm plant growth pdatl/ by limiting the uptake of water through mbdation of
osmotic processes, or chemically by metabolic reasteffected by toxic constituents. Effects otsan soils in
causing changes in soil structure, permeability aedtion directly affect the plant growj.

The irrigation water containing a high proportiohsodium will increases the exchange of sodium eanof the
soil, affecting the soil permeability, and textunaking the soil hard to plough and unsuitable é@ding emergence
[10] [11]. If the percentage of Na with respect to Ca + Mgatis considerably above 50% in irrigation watersls
containing calcium and magnesium take up sodiuexohange for calcium and magnesium causing deflation
and impairment of the quality and permeability ofls[12]. The addition of gypsum or lime may correct the
situation of the soil.

The total dissolved solids, measured in terms e€#ie electrical conductance gives the salinitgdra of irrigation
water. The electrical conductivity is a measurealfnity hazard to crop as it reflects the TDSHe groundwater.
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Based on analytical results, irrigational qualitarameters like sodium adsorption ratio (SAR), eiealt

conductivity (EC) were estimated to assess thaisiilly of groundwater for irrigation. The salt gant in the water,
besides affecting the growth of plants directlgoaaffects soil structure permeability and aeratwmich indirectly

affect the plant growtfL3] [14] [15].

Table- 2a: Results of Chemical analysis in meg/l (p-monsoon 2008)

SNO Location HC® | CI SQ | Na K Ca Mg
1 KAZIPALLY 9.23 | 87.3| 21.6] 100 2.05 111 9.58
2 MALLAMPET 40.5 8.98| 10.1 28 2.09 166 15(6
3 KISTAREDDYPET 225| 115 6.77 26.2  0.63 596 10
4 SULTANPUR 282 | 1171 531 23 0.3 745 144
5 BOLARAM 12.1 96.1| 14.3] 91.5 0.274 19{4 13.5
6 PATANCHERU 122 | 492 12| 388 064F 241 119
7 MUTHANGI 11.5 28.3| 11.5 37.2 0.307 1 5.35
8 POCHARAM 11.5| 61.8 159 30.f 0.54 382 16.6
9 GANAPATHIGUDEM 13.8 789 134 307 1.1 52|11 189
10 CHITKUL 11.3 355 398 324 0.537 1 7.83
11 BACHUGUDA 11.7 | 88.7] 133 826 0.921 16 148
12 PEDDA KANJERLA 11.5 264 462 26 0205 104 185
13 | CHINNAKANJERLA | 9.31 | 285 543 24 0.38¢ 1312 Z.8
14 BITHOLE 9.03 24.8| 4232 227 0.23 8.13 6.42
15 | CHUDURUPPA 11.1| 271 52 24 0.233 128 6|09
16 | ARUTLA 114 | 182 593 185 0.187 14{3 6.42
17 ISMAIL KHAN PET 12 20.3] 6.49 241 0.24 6.18 7.08
18 RUDRARAM 11.1 | 24.4] 9.47 20 0.0307 145 r
19 INDERESHAM 12.9 48. 11.6 29.p 0.946 25 18.5
20 INOLE 22.8 | 34.5| 5.77 27| 0409 1212 20.2

Table- 2b: Results of Chemical analysis in melgpost-monsoon 2008)

SNO Location HCO; | CL | SOs | Na K Ca Mg
1 KAZIPALLY 8.54 87.1| 22.7| 96.5 1.15 10 11.9
2 MALLAMPET 9.15 27 | 857 175 251 144 9.2
3 KISTAREDDYPET 10.8 249 6.5 254 0.818 99 5.87
4 SULTANPUR 11.3| 254 412 209 0.384 133 6.26
5 BOLARAM 12.5 90.4| 185 889 0.256 19|]3 11}9
6 PATANCHERU 116 | 443 135 308 1.1b 2B 101
7 MUTHANGI 11.4 31| 158 39 141 9.3 3.7
8 POCHARAM 12.4 58.3 14.6 33 0.806 4D 19
9 GANAPATHIGUDEM 129 | 782 135 309 0537 561 85,
10 CHITKUL 11.1 33.7] 458 304 0.7] 12{5 6.6
11 BACHUGUDA 138 | 81.7] 124 804 0.488 162 119
12 PEDDA KANJERLA 10.8 259 552 255 0435 10.5 8%.
13 CHINNA KANJERLA 10.3 31.7] 489 265 0.261 122 .33
14 BITHOLE 9.62 | 23.8) 45/ 224 0358 9.28 7.16
15 CHUDURUPPA 12.9 28.6 44p 26/5 0448 139 477
16 | ARUTLA 11.7 | 16.9] 529 199 0.128 11}5 3.7
17 ISMAIL KHAN PET 12.2 19.8) 7.6] 237 0.279 1116 16.
18 RUDRARAM 11.7 | 218/ 73| 16.y 0.038 182 6.17
19 INDERESHAM 124 | 46.22 104 296 0.895 232 145
20 INOLE 22.8 33.8] 502 2441 0.2 134 144

4.3.1 Sodium Adsorption Ratio (SAR) Criterion

The interpretation of water quality suitable foe tinrigation purposes are given by Richard (19848) in the form
of EC versus SAR values. Electrical ConductivityGE has been treated as index of salinity hazandssodium
adsorption (SAR) as index of sodium hazards. SABalsulated from the ionic concentration (in mefsodium,
calcium and magnesium according to following relaship (Karanth, 1987).

Na
Ca+ Mg
2

SAR =

The SAR values of the groundwater samples of tka are given in Table-. The data has been plotety WS
Salinity diagram into observe the suitability ofterafor irrigation purposes. The SAR value rangesnf5.15 to
29.1 with an average value of 11.05 in the sampidlected during pre-monsoon 2008. The analytieahaf pre-
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monsoon 2008 plottedbn the US salinity diagram (Richards 1954) show ##6 of samges fall in GS, region,
15% in region and 15% fall in,S, region. Very high salinity water ¢S;) is not suitable for irrigation und
ordinary conditions, but may be used occasionatiglen very special circumstances. The irrigationewatust be
applied in excess to provide considerable leaching ang sa-tolerant crops should be selec

During postmonsoon of 2008, the SAvalues range from 4.78 to 29.46th an average value of 10.82. Theret
the possibility of sodium hazard may be high iis area. The analytical data show that 80% of tlveigdwate!
samples fall in the field of /S,. The ground water having high salinity and medgodium hazard is not suitak
for irrigation under ordinary conditions 15% of tk@mples belong to,S, region. These very high salinity and ve
high is generally unsatisfactory for irrigation es$ special action is taken, h as addition of gypsum to s
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The ground water with in industrial area has vaghltontent of TDS, EC, TH, Ca, Mg, Cl, SO4, and3\@oving
that theindustrial effluents are not only causing direchteanination of water, but are also responsibleidor
enrichment by enhancing the release of dissolvedisp in solution. The higher concentration ofaraiand anion
in ground water is an indicatioof manmade source. Higher concentration of chloadd sulphate, nitrate
samples indicates anthropogenic impact on watelitqguharge quantities of acids and ci; material are used by
pharmaceutical, paints, rubber industries whichrateased ouin the form of effluents without proper treatmi
into open channels leading to accumulations ofetlidsments in ground water in and around indusareds whicl
prove to be potential pollutants as point sot

Inferior ground water quality may cauwater born diseases and crop damage. About 80%iefreorn diseases
the world (WHO 1984)17] and over one third of the total deaths in the dmiely countries are caused
consumption of polluted water amatck of knowledge of water quality of assenent. Overallgroundwater of the
study area isiot suitable for drinking purposes. Groundwatethaf study area are also not suitable for irriga
under ordinary conditions, but may be used occa#iipnnder very special circumstanc

Remediationmeasures should be adopted to restore the alrefghly hcontaminated aquifers. In view
deteriorating quality of groundwater and degradatibsoil cover, it is recommend:

1.To have a constant monitoring of the quality ofigrd water in this area a necessary preventive measures
to be adopted to avoid further deteriorat

2.Industries should monitor their air emissions ragyl and take measures to ensure compliance wigf
prescribed emission standards.

3.Industries should strictly follow applicable govarant regulations on pollution contr
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4.0rganic waste should be dumped in places far fesidential areas.

5.New industrial wastewater collection and treatméamtilities must be constructed and existing faeiit
modernized and upgraded.

6.Industrial wastewater facilities must be more dffedy operated.

7.Discharges of industrial wastewater into municipalver systems must be pre-treated, especially regard to
hazardous substances.

8. Environmentally sound techniques should be unalrsapplied. Hazardous substances should be pyoper
stored, treated and disposed of.
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