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ABSTRACT

In the current study, 12 groundwater samples wetkected from parts of Cheralapally area to assesser quality
and investigate by analyzing the major cations®{C8Ig’*, Na" and K') and anions (HC@, CI, SQ* and CQ?)
besides some physical and chemical parameters €fgdfrical conductivity and total hardness). Algeographic
information system-based groundwater quality magpimthe form of visually communicating contour apas
developed using ArcGIS-9.2 to delineate spatialiatemn in physicochemical characteristics of growader
samples. All the parameters analysed are ineagiice to desirable limits of Indian Standarfds drinking
water except few locations. From the obtained d#tean be concluded that the water quality profilas good and
useful for drinking purpose.
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INTRODUCTION

The [23] has clearly stated that the quality ohkig water is a powerful environmental determinahthealth.
Drinking-water quality management has been a kdgrpin the prevention and control of waterborneedises.
Water is essential for life, but it can and doessmit disease in all countries of the world frdra poorest to the
wealthiest. Safe drinking water therefore is a basied and hence, an internationally accepted huighnh[22],
and reducing the number of people without accessigtainable safe drinking water supply has beéstet as one
of the ten targets of the millennium developmendlgdMDGs). Even though urban aquifers are the olyral
resource for drinking water supply, they are ofpenmceived as of lesser relevance for the drinkirgewsupply,
leading toward crisis in terms of drinking wateasaity, becoming increasingly polluted thereby @esing their
potability [8]. Once contamination of groundwater aquifers occurs by means of agricultural and stital
activities and urban development, Environ Monit éss5 it persists for hundreds of years becauseenyf slow
movement of water in them [13] and prompts invesians on their quality [2]. Since physicochemicamposition
of groundwater is a measure of its suitability a®arce of water for drinking, agriculture (irrigat), and industrial
purposes [5], an attempt has been made in thentustady to assess the effects of natural and embigenic
activities and increased human population on graaer quality and their variation by defining thengipal
hydrochemical nature of the groundwater.

GIS is a vector based software package capablarafling spatial and non-spatial data. GIS fountdda suitable
tool for making spatial distribution maps of varsoydro-chemical parameters of constituents. Th&apsariation
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in groundwater chemical quality in the industrintleagricultural areas is mapped using GIS in variegions [3; 4;
18 and 11].

MATERIALS AND METHODS

The sampling bottles soaked in 1:1 HCI for 24 hemémsed with distilled water followed by deionizedter. At the

time of sampling, the bottles were thoroughly roh$&o or three times, using the groundwater todmmed. The
chemical parameters viz. pH and electrical conditgt{EC) were measured, using digital instrumemmediately

after sampling. 12 groundwater samples were celtest 1000-ml polyethylene bottles from hand puropgbholes

in the study area. The bottles were labeled, tygbdicked, transported immediately to the laboratang stored at
4°C for chemical analyses.

The samples were analyzed for total hardness (BHLaCQ, calcium (C&"), sodium (N&), potassium (K),
bicarbonate (HC@), chloride (CT) and sulfate (S§) following the standard water quality methods [The
evaluation of chemical characteristics of groundwaind suitability for drinking, irrigation and instrial purposes
have been carried out. Total dissolved solids (TD&)e computed as per [12 and 14] from EC valuelsiplied by
0.64 and magnesium (Mg was calculated, using the values of TH and" CH.

The flamephotometer (Systronics, 130 India), cotredions of sodium (N3 and potassium (K in the
groundwater were measured. Electrical conducti#@) and pH were measured by conductivity metest®nics,
304) and digital pH meter (Systronics, 802) redpebt.

Geo-database creation-GIS model:

In generating the spatial distribution maps theaimlgtd values of various hydrochemical parameteeated as
attribute database. These attributes data thesftraned into a point layer for GIS analysis. Eaample point was
assigned by a unique code and stored in the pdiribige table. The database file contains the eslof all
chemical parameters in separate columns alongansdimple code for each sampling station. The veatality data
(attribute data) were linked to the sampling statigspatial data) and maps showing the spatiaiitaligion were
prepared to model the variation in concentratiohthe parameters using Inverse Distance WeightBuVjl raster
interpolation technique of Spatial Analyst TM maelih ArcGIS’ software. IDW is an algorithm for spatially
interpolating or estimating values between measarndsn Each value estimated in an IDW interpolati®mn
weighted average of the surrounding sample poiMsights are computed by taking the inverse of tiséadce
from an observation’s location to the location lod point being estimated [7]. In a comparison aksa different
deterministic interpolation procedures, [7 and fbbind that using IDW with a squared distance temided results
most consistent with original input data. In thegant study, the geospatial attribute data waiedilfor the
generation of spatial distribution maps of selecieter quality parameters namely pH, EC, TDS, TH'C
Mg?*,Na’, K*,HCOy,CO?, CI'and S@ (Figs. 1, 2, 3,4, 5, 6, 7, 8, 9, 10, 11 and 12).

RESULTS AND DISCUSSION

The analytical results of chemical analysis of giwater samples collected from different sampliitgssof
Cheralapally area, Rangareddy districts is pregeimd able 1. Table 2 presents the Variables, sysand units.
The statistical parameters of analyzed componentgroundwater along with the prescribed limits aflian
Standards [6] for drinking water are furnished mble 3. Groundwater quality with respect of fresll &rackish
types presented in Table 4.

During the present investigation, pH value rangetiveen 6.73 and 7.93. Even though pH has no déféett on
human health, its higher range accelerates the smahations in water heating apparatus and coretéor of pH is
shown in Fig 1. EC is measured in microsiemenspetimeter and is a measure of salt content ofnirtine form

of ions [14]. In the present study, EC values ranfyfem 200 to 180QuS/cm and North part of the study area is
recorded more concentration is shown in Fig 2.
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Table 1: Result of chemical analysis and statistit@arameters of groundwater samples collected frorthe study area

S.No | pH| EC | TDS| Ca? [ Mg*2 | Na' | K* | SOs2 | HCOs" [ COs2 [ TH | CIF
CWI1 | 6.8 | 1800 1154 353 26./5 294 2p3 493 116 15 5883
CW2 | 6.73| 900| 576] 116 6956 119 d2 1641 128 15 Bi57 |33
CW3 | 6.84| 1300 832] 134 608 145 1p1 146 14 15 3606 |4
CW4 | 6.82| 1000 640 189 9.78 1d6 73 261 11b 18 b101 |30
CWE | 6.95 | 90C | 57€ | 16z | 20.67 | 124 | 86 | 22¢ 85 9 [ 49c | 351
CW6 | 7.02| 900| 576] 174 4.86 114 79 247 73 15 he5 [p22
CW7 | 6.88] 800| 512] 150 608 139 96 208 12 ) K00 [394
CW8 | 7.24| 500| 320 124 851 70 49 17p 85 16 345 P02
CW9 | 6.98] 900| 576] 160 6.08 60 41 220 13 18 k25 170
CWIO0 | 7.09] 900| 576] 164 486 147 88 225 140 18 14251 |36
Cwil| 7.93] 200| 128] 62 486 3L 21 8¢ 61 2 175 |89
CWi2 | 7.25| 1000 640 136 3.64 136 94 149 159 15 3586 |3
Min_|6.73 | 200 | 128| 62| 364 31 21 86 61 o 15 89
Max | 7.93| 1800] 1157 353 695p 294 203 493 159 Ja 533 |

Table 2: Variables, symbols and units

78°40'0"E

78°40'0"E

Variable Symbol Units
pH pH pH units
Conductivity EC uS/cm
Total dissolved solid§g TDS mg/L
Sulphat SC- mg/L SC*
Carbonate Co” mg/L CO?
Bicarbonate HCO; | mg/L HCOy
Calcium Cat* mg/L C&"
Magnesium M§' mg/L Mg®*
Total Hardness TH mg/L CaCOB
Potassiur K* mg/L K*
Sodium Na mg/L Na
Chloride CI mg/L CI

78° 4?'0" E 78 ’44'1‘0"13 78°46'0"E 78°48'0"E
R

78°42'0"E 78°44'0"E 78°46'0"E

Legend
Concentration of pH
6.73-6.821

6.821-6.958
6.958-7.163

B 7.163-7.47
Hl747-7.93

78°48'0"E

Fig No 1. Concentration of pH

The TDS varies from 128 to 1,152 mg/L, which intisaa variation of degree of water quality duerteatering of
foreign matter into the groundwater system. Theomitgj of groundwater samples (92%; Table 4) coméeuriresh
water type, as the value of TDS in them is lesa th@00 mg/L [9] and concentration of TDS is shawirig 3.
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Table 3: Groundwater samples of the study area exeeling the desirable and permissible limits prescried by BIS for drinking purposes

Parameters BIS 2003 No. of samples L No. of samples L
Desirable limit | Permissible limif exceeding desirable limit exceeding permissible limi
pH 6.5-8.5 8.5-9.2 - -
EC (uS/cm - - - -
TDS (mg/L) 500 2,000 10 -
Ca’* (mglL) 75 200 11 1
Mg ( mg/L) 30 100 1 -
SOs2 (mg/L) 200 400 7 1
Cl- (mglL) 250 1,000 9 -
*Na* (mg/L) 50 200 12 1
TH (mg/L) 300 600 11 -
78°40'0"E 78°42'0"E 78°44'0"E 78°46'0"E 78“4![5'0"E
z z N
=] o
=3 -<
= -+
E ?‘: A
z z
= =
= =
Z Z
=] =]
2 %
8 8
Legend
Concentration of EC
z 2
> = 200 - 804,15
7 B
& & 804.15 - 975.66
[ 97566-1,024.3
P 1.0243-1,1958
Z Z
2 £ I 1.195.8- 1,800
o - ol
g’ T 1 1 1 1 g‘)
5 78°40'0"E 78°42'0"E 78°44'0"E 78°46'0"E 78°48'0"E S

Fig No 2. Concentration of EC

Table 4: Groundwater quality with respect to freshand brackish types

TDS (mg/L) | Sample numbers| Percentage of sampleg Water type
<1,000 2-12 92 Fresh
>1,000 1 8 Brackish

In the present study, total hardness values rafiged 175 to 590 mg/L; thus, all the samples areowethe
maximum permissible limit of 600 mg/L for drinkingater. The high amount of total hardness, calciang
magnesium contents makes the groundwater of varygleality generally hard, although these are atgibated to
geological formations encountered in the flow higto

According to the TH classification [17], about 8%the total groundwater samples fall in the catggofr hard
(150-300 mg/L) and the rest of the water sampl2%6jdn the category of very hard (>300 mg/L; TaBjld-ig 4).
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Fig No 3. Concentration of TDS
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Concentration of TH
175 - 275.97

275.97 - 363.07

P 353.07 - 411.93
I 411.93- 489.03
I 489.03- 590

17°34'0'N
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Fig No 4. Concentration of TH

The C&" is an important element to develop proper bonevtiroThe concentration of €zbserved from the study
area is varied from 62 to 353 mg/L (Table 1), whistbelow the standard limit of 200 mg/L (TableiB)all the
groundwater samples, except one groundwater lotatid concentration of €amap is shown in Fig 5. Mgis an
essential ion for functioning of cells in enzymeiwation, but at higher concentration, it is comsietl as laxative
agent [10]. In the present study, Mgalues ranged from 3.64 to 69.56 mg/L (Table 1;8ig

The concentration of Nas varied from 31 to 294 mg/L (Table 1) and theoramended limit of 200 mg/L (Table
3). This is because of the silicate weathering @ndissolution of soil salts stored by the influes®f evaporation
and anthropogenic activities [19; 16 and 21], idiadn to the agricultural activities and poor draje conditions
and concentration of Eamap is shown in Fig 7.
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Fig No 5. Concentration of C4"
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Fig No 6. Concentration of Md*

Generally, the concentration of ks less than 10 mg/L in the drinking water. It ntains fluids in balance stage in
the body. The Kexceeds 10 mg/L in approximately 100% of the tgtaundwater samples. The concentration of
K" is varied from 21 to 203 mg/L (Table 1; Fig 8).
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Fig No 8. Concentration of K

Bicarbonate is a major element in human body, wisatrecessary for digestion. When ingested, fompta, with

mineral water, it helps buffer lactic acid genedadlering exercise and also reduces acidity of dretamponents. It
has a prevention effect on dental cavities. Indineent study, the concentration of HC(51-159 mg/L; Table 1;
Fig. 9) was much higher than GO(9-24 mg/L; Fig. 10). Thus, the carbonates (HC&d CQ*) are the
dominated ions in the groundwater. They result ftom CQ that is released from the decay of organic maiter
root respiration in soil zone. The higher contentarbonates indicates an intense weathering dfsraghich favors
an active mineral dissolution [20].

CO, + H,0 — H,COy
H,CO; — H, + HCOy
HCO; — H'+ CO?
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Fig No 9. Concentration of HCQ"

78°40'0"E = 78°42'0"E

17°36'0"N  17°38'0"N  17°40'0"N

17°34'0"N

78°40'0"E  78°42'0'E

17°32'0"N

78°440°E  78°460'E  78°480'E  78°500'E

N

A

17°38'0"N

17°36'0"N

Legend
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Fig No 10. Concentration of CG*

High chloride in groundwater samples may be du¢hto pollution from chloride rich effluents of seveagnd
municipal waste. The Clis derived mainly from a non-lithological sourddowever, the country rocks may

contribute Clto the groundwater. High

chloride in groundwatemples may be due to the pollution from chloride

rich effluents of sewage and municipal waste. Thlertde content varied from 89 to 833 mg/L (TableFlg. 11),
indicating that it is well within the permissiblienit of 1,000 mg/L (Table 3; [6]).

Sulphate is unsuitable for drinking, when it excetite permissible limit of 400 mg/L and causestgebtaste and
laxative effect on humans, together with "Ner Mcf* In water [6]. The diarrhea, catharsis, dehydratiom
gastrointestinal irritations may also be associatizdl the ingestion of water containing $§J10]. The groundwater
samples of the study area show,5@om 86 to 493 mg/L (Table 1), which are below teeommended limit of
SO,* for drinking water (Table 3; Fig. 12).
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Fig No 12. Concentration of SG-
CONCLUSION

The present study envisages the integrated watityjthe application of GIS techniques in the asseent and
quantification of the quality of groundwater in Calapally area of Rangareddy district, Andhra Psadéccording
to TDS study revealed that 92% of groundwater ifrésh water category and only one groundwatertiocaof

calcium and sulphate are exceeding the maximumipsitte limit.
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