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ABSTRACT

The Nalgonda district is one of the drought prone districts of Telangana and frequently being afflicted by
famines. The study area, Nakrekal basin is a part of this district and falls in the survey of India toposheet no’s 56 O/8
and 56 O/12. It lies between the north latitudes of 170 00°00” to 170 15°07” and Eastern longitudes of 790 16°28”
to 790 34’157, and covers an area of about 409 sq.km. The present study is intended to use the remote sensing data,
G.1.S. technology and spatial modelling techniques, in evaluation of groundwater quality in the Nakrekal basin. The
remote sensing data provides the synoptic view of lithology, geomorphology, structures, and land use/land cover,
type of soil etc. The field data provides the information about the quality of the groundwater. The layers generated
from the satellite data IRS-P6, LISS-111 and from the field data have been used for the index overlay operations for
evaluation of groundwater quality. The groundwater quality has been evaluated by using the data of three available
drinking water parameters (pH, TDS, F). In the Groundwater Quality the study area has been classified as Potable
and Non-potable by integrating the three parameter maps.
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1. INTRODUCTION

The evaluation of groundwater quality is as significant as the quantity (Yammani, 2007; Asadi, 2007).
Chemical investigation forms the base of interpretations of water quality regarding source, geology, climate and use.
Concentrations of the dissolved salts or ions in groundwater are commonly expressed as weight or weight and
volume, usually in parts per million (ppm) or mg/l. Generally, the tables showing the results of analyses of chemical
guality might be hard to infer, mainly where over a few analysis are engaged. Standards have been established by
different agencies and government institutions. Some studies were earlier made (Murthy and Murthy, 1974;
Natarajan and Murthy, 1974) to evaluate groundwater quality in the region.

During the present study, the chemical quality analyses data (pH, Total Dissolved Solids and Fluoride),

which is available, is taken for evaluating the groundwater quality in Nakrekal basin. The pH, Total Dissolved Solids
(TDS), and Fluoride values recorded in the groundwater at different locations in the study area are given in the
Table.1.
Location of the Study area: The study area, Nakrekal basin is falls in the Survey of India toposheet no’s 56 O/8
and 56 0/12. It lies between the north latitudes of 17° 00°00” to 17° 15> 07 and Eastern longitudes of 79° 16” 28 to
79° 34” 15”, and covers an area of about 409 sq.km. The Hyderabad-Vijayawada National Highway-9 (NH-9) is
traversing through the study area in the west-east direction. The area is 12 km NNE to the district headquarters
(Nalgonda) and 110 km west to the state headquarters (Hyderabad). The area is well connected by the road network
with the other important towns/places of the surrounding area. The groundwater is the only source of irrigation and
drinking water (Engel and Navulur, 1998). The location map of the study area is shown in Fig.1. The average annual
rainfall is 751 mm.
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Fig.1. Location map of the Study area | Fig.2. Gﬁéology‘ of the Study area

2. METHODOLOGY

Totally 83 representative bore well water samples collected from 83 villages of the area, were chemically
analyzed by standard methods (Brown, 1970). Spatial distribution of certain chemical constituents were arrived by
applying GIS techniques (Harikrishna, 2011).

The following methodology has been adopted for studying the groundwater quality in the area.

Digitization of well locations as points in the ERDAs Imagine 9.1 software and assigning the values of pH,
TDS and F in the attribute table.
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Preparation of a grid map for each parameter by using inverse distance weighting (IDW) method in Arc
View 9.3.

Reclassification of grid maps into different ranges for each parameter as per the BIS standards for visual
depiction.

Recoding of each parameter map and their analysis in GIS for studying the groundwater quality with
reference to drinking water purpose (Potable / Non-potable) and finding the parameter(s) responsible for making the
groundwater unfit for drinking in non-potable zones. (Details of the methodology used for drinking in GIS based
analysis).

3. RESULTS AND DISCUSSION

Geological studies: The study area forms the part of the Indian peninsula and is underlain by Peninsular Gneissic
Complex (PGC) belonging to Archaean Super group, which remained as a stable land mass. This PGC was later
intruded by the younger Dolerite dykes at some places. The PGC mainly consists of equigranular granite, alaskite
granite (leuco-granite) and alkali feldspar granite (pink). Among them pink granite is older, and the porphyritic grey
granite is the younger. The pink granites have intrusive relationship with the grey granites. The coarse gneissic
granite is composed of Quartz, plagioclase and potash feldspars, and mica often associated with aplites and pegmatite
(Nalgonda District Report). The fluorapatite is one of the important accessory minerals associated with these rocks.
At few places namely, Silarmiagudem, Sarvaram, and Bollepally villages, it is observed that the content of biotite is
predominant resulting in the dark colour biotite-granites and biotite-hornblende gneisses, which are less jointed and
can be classified as Migmatites.

The Peninsular granite gneissic rocks are medium to coarse grained and hypidiomorphic to porphyritic in
texture. The Geology map of the study area is shown in Fig.2. The gneissosity in these granite gneissic rocks is very
much prominent, which show three sets of jointing. It is observed from the well sections that the joints are extended
up to the depth of 15 to 17 m below ground level at few places. Most of the joints are trending northwest southeast
and northeast southeast. These rocks are weathered and the nature and depth of weathering varies from place to place.
The weathering is more than 15 m near Perindammagudem, Mamidal, Telonigudem, and Garlabhaigudem villages.
Further, it is noticed that the depth and degree of weathering is more, where the rocks are highly jointed and traversed
by the younger intrusive rocks.

Table.1. Chemical quality of groundwater in the area (mg/l

Village pH | TDS Fluoride | Village pH | TDS | Fluoride
(mg/l) | (ppm) (mg/l) | (ppm)
Kurumarthi 8.0 | 1706 0.62 Bilamkanem 7.80 | 1767 0.90
Dugnevelli 8.20 | 1896 1.80 Rasulgudem 8.00 | 1157 1.75
Akkalaigudem 8.00 | 634 0.96 Mirasaigudem 7.30 | 433 2.14
Kalmera 8.20 | 1803 1.85 Nakrekal 8.10 | 708 1.20
Kattangur 7.30 | 906 1.79 Babusahebgudem 7.20 | 836 0.60
Ammatvagu 7.60 | 818 2.00 Rayapuram 7.50 | 1132 1.60
Ramachadrapalli 8.20 | 1323 3.44 Chandrampalli 8.00 | 1690 | 0.80
Cheruvuannaram 8.20 | 2245 0.77 Marur 7.80 | 649 0.76
Telonigudem 7.30 | 929 0.87 Middegudem 7.30 | 588 0.70
Garbhavarigudem 7.90 | 1186 1.10 Nallibanda 7.90 | 801 0.78
Perindammagudem | 7.10 | 544 1.34 Chandupatla 8.30 | 2109 | 0.75
Bollepalli 8.00 | 811 1.05 Gorankalpalli 7.80 | 856 0.61
Aitpamla 8.00 | 1831 1.18 Tatikal 7.60 | 945 0.60
Mallaram 7.32 | 1171 0.85 Mandlapur 8.00 | 1011 2.75
Bommakal 7.84 | 1173 1.70 Mangalpalle 7.30 | 715 1.42
Agamotkur 8.07 | 808 1.80 Narasimhapuram 7.90 | 1986 1.20
Gurappagudem 7.92 | 1054 1.72 Modingudem 7.30 | 838 2.00
Yellayyagudem 8.02 | 790 0.80 Somarigudem 7.30 | 838 2.10
Poreddigudem 7.80 | 1188 0.72 Mareddorigudem 8.20 | 1710 | 1.80
Utkurgudem 7.90 | 1069 1.50 Arlagaddagudem 8.52 | 708 1.70
Pamulpad 7.00 | 811 2.00 Bireddigudem 8.54 | 1224 | 1.60
Dubbagudem 7.02 | 1270 1.50 Bapatkunta 7.40 | 631 0.88
Kalwalapalem 7.63 | 973 0.64 Advibolaram 7.70 | 871 1.06
Sarvaram 8.14 | 1105 1.20 Gollagudem 7.80 | 365 0.98
Basreddigudem 7.82 | 1112 1.70 Kotturgudem 7.50 | 1178 1.22
Indlur 7.59 | 1374 0.95 Aregudem 7.70 | 927 1.70
Yellarunayanigudem | 8.08 | 806 2.50 Birellivarigudem 7.90 | 710 1.65
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Chinna suraram 7.60 | 921 0.90 Golivarigudem 7.10 | 1220 | 1.30
Agraharam 7.20 | 741 1.80 Chinnagudem 8.07 | 625 1.80
Mamidala 7.50 | 1670 1.60 Raavarigudem 8.40 | 878 1.85
Godavarigudem 7.90 | 1110 2.00 Devatalbhavigudem | 8.30 | 816 2.00
Yellammagudem 7.80 | 915 1.40 Marrigudem 7.79 {1033 | 1.80
Tungaturti 7.60 | 811 1.25 Nallaramayagudem | 7.90 | 564 0.90
Charkupalli 7.30 | 488 0.79 Kodimalvarigudem | 8.10 | 676 1.80
Kondakindigudem 7.90 | 710 1.16 Battugudem 7.65 | 1408 1.56
Kondakindigudem 8.20 | 1489 1.20 Arevarigudem 7.70 | 2312 | 1.80
Bandepalem 7.51 | 377 1.20 Puchakayalagudem | 7.58 | 2425 | 1.65
Inpamla 7.20 | 796 0.94 Koyalpahad 8.06 | 2056 1.20
Gollaguda 7.90 | 1270 1.02 Chirumarti 7.65 | 1683 1.20
Turpubhavigudem 8.00 | 1186 1.30 Gurappagudem 8.57 | 604 1.72
Mutyalammagudem | 7.80 | 1151 1.20 Lakshmipuram 7.30 | 915 1.70
Manikyalagudem 8.20 | 1450 1.20

Table.2. Drinking water Standards for pH, TDS and F

Substance WHO International Standards Bureau of Indian Standards
Highest Desirable | Maximum Permissible | Highest Desirable | Maximum Permissible
pH 7-8.5 6.5-9.2 6.5-8.5 6.5-8.5
TDS (mg/l) 500 1500 500 2000
Fluoride (mg/l) 0.6-0.9 0.8-1.7 0.6-1.2 15

Chemical Analysis:
pH: The total hydrogen ion concentration, is not normally determined for a solution, instead the activity of the free,
un-complexed hydrogen ion is measured. Because of the reactivity of hydrogen ion, its activity or effective
concentration in groundwater is an important parameter. Although, the water molecules are quite stable chemically,
they still tend to break down or dissociate into their component parts, Hydrogen (H) and Hydroxyl (OH) ions.

H,O —» HOH —» H*+ OH"

The activity of hydrogen ion is measured as the pH of the water, which is defined as follows;

pH = -log 10* (a * H)

Where a* H is the activity of hydrogen ion (moles/Kg).

The hydrogen ion activity is a master variable of the groundwater system because the hydrogen ion
participates in most of the chemical reactions that affect water composition.

The hydrogen ion activity is a master variable of the groundwater system because the hydrogen ion
participates in most of the chemical reactions that affect water composition.

In pure water, the dissociated molar concentrations of H* and OH ~ions are equal and being 107 moles /I.,
equivalent to a pH of 7. If the H* ions exceed the OH" ions, as in the acidic solutions the pH value is less than 7,
while the pH value is more than 7 if the OH ions exceed the H* ions, as in the basic solution. Most of the groundwater
has a pH range of 6 to 8.5. A change of pH from 7 to 6 indicates that there is a ten-fold increase in the H* ion
concentration.

Similarly, a change of pH from 7 to 8 indicates a ten-fold increase in OH ion concentration. The relative
concentration of hydrogen ions in water decides whether the water will behave like a weak acid or as an alkaline
solution. The pH is controlled by the amount of dissolved carbon dioxide, carbonate, and bicarbonate present in the
water. Water with pH values ranging from 6.5 to 7.5 is considered normal. The pH values deviating from the above
will affect the coagulation and chlorination. Water with lower pH values, less than 7 have corrosive action to the
well screen and pump impellers installed in the well.

The pH values of drinking water in Nakrekal basin are ranging from 7.0 to 8.57, which indicates slightly
alkaline nature, but within the permissible limits (WHO) and except at few places near Arlagaddagudem,
Bireddygudem and Gurappagudem villages where the pH values are slightly more than 8.5. The distribution of pH
values in the Nakrekal basin is shown in the Fig.3.

Total Dissolved Solids: One basic measure of water quality is the Total Dissolved Solids (TDS), which is the total
amount of solids, in mg/l. The concentration of dissolved matter in water is given by weight of the material on
evaporation of water to dryness followed by heating for one hour at 180°C. Measuring the electrical conductance of
groundwater sample can make a rapid determination of TDS. Conductance is preferred rather than its reciprocal
resistance, because it increases with salt content. Specific Electric conductance defines the conductance of a cubic
centimetre of water at a standard temperature of 25°C. An increase of 1°C increases conductance by about 2 percent.
The water naturally contains a number of different dissolved inorganic constitutents. The major cations are calcium,
magnesium, sodium, and potassium. The major anions are chloride, sulphate, carbonate and bicarbonate. These major
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constitutents constitute the bulk of the mineral matter contributing to TDS. In addition, there may be minor
constitutents present including iron, manganese, fluoride, boron etc. The TDS content of groundwater may range
from 20 ppm in areas of high rainfall to 10000 ppm in some desert brines. Several processes including movement of
groundwater through rocks containing soluble mineral matter may cause an increase in the dissolved solids.

The map showing the concentration of TDS is also shown in Fig.4. The data shows that the TDS values are

ranging from 365-2425 mg/l. In the basin. Very few places, namely Cheruvuannaram, Chandupatla, Koyalpahad,
Puchakayalagudem and Arevarigudem villages are showing the TDS of more than 2000, which is the indication of
brackish water. However, most of the area is having fresh water.
Fluoride: Fluorine is the lightest element in the group of halogen and also the significant reactive chemical elements.
It is the significant electronegative elements have a physically powerful propensity to obtain a negative charge, and
forms F- ions. In the environment, no fluorine only fluoride is present together with 0.06 to 0.09% of the earth’s
crust. The average crustal abundance is 300 mg/kg and these are originated at important levels in several minerals,
with fluorspar, rock phosphate, cryolite, apatite, mica, hornblende and others (WHO, 1998). Fluorite (CaF,) is a
general fluoride mineral with lower solubility in igneous and sedimentary rocks. Fluoride goes through groundwater
by means of natural processes; the soil at the mountains foot is high in fluoride from the weathering and bedrock
leaching with higher fluoride content.

Fluoride is present in all waters with a few concentrations. Water concentrations are restricted through
fluorite solubility and the lacking of calcium in solution permits greater fluorite concentrations to be stable. Huge
fluoride concentrations might be supposed in groundwater from calcium-poor aquifers and in regions of fluoride-
bearing minerals are abundant. Fluoride concentrations possibly improve groundwater for the cation exchange of
sodium for calcium will take places.

The 1984 WHO guidelines recommended regions with a humid climate, the best possible fluoride
concentration in drinking water must stay lower 1 mg/l (or 1 ppm), whereas in colder climates it can go up to 1.2
mg/Il. The discrimination derives from the reality of perspiration more in warm weather and as a result drinks extra
water. The greater limit for fluoride in drinking water has been determined as 1.5 mg/l by WHO and BIS.

The fluoride concentration in the research field is shown in Fig.5. The fluoride values are ranging from 0.6-
3.4 ppm in the area. However the southern part of the basin is mostly having the fluoride values above 1.5 ppm
(beyond permissible limits). It is noticed from the weathered zone map that this part of the basin. The south eastern
part around Puchakayalagudem, Devathalabaigudem, Agamothku, Basireddygudem, Godavarigudem, Mamidala,
Mandalapur, Modingudem, Somarigudem, Beerelligudem and Pamulapadu), and the north western part (Kalmera,
Kattangur Ammatagu and Mallaram) are showing high concentrations (>1.5 ppm) of fluoride. Hence, in these areas
suitable public health measures need to be taken to bring the fluoride levels within the permissible range.

GIS Based Analysis: The quality of the groundwater has been evaluated by adopting the suitable methodology in
the GIS environment. The methodology has been described in the following sections (Chetty, 2002).

Mapping Potable Vs. Non-potable Quality: In order to map the groundwater quality in two classes — Potable and
Non-potable, the following procedure has been adopted.

Dividing each parameter (pH, TDS and F) into two classes — one class within the permissible limit and other
class outside the permissible limit.

Recoding of the permissible class as ‘1’ and non-permissible class as ‘0’. Multiplication of the three recoded
parameter maps.

The resultant value of ‘1’ in the output map indicates the potable groundwater quality and the value of ‘0’
indicates the non-potable groundwater quality.

The codes given to the three parameters are shown in the Table. 3
Mapping Parameter(s) Responsible for Non-Potability: In order to map the parameter(s) responsible for making
the groundwater non-potable, as discussed in the previous section, three parameter maps have been classified into
two classes i.e., Permissible and non-permissible. These classified parameter maps have been recoded as given
below.

Table.3. Codes of the pH, TDS and F

Parameter Class Range Score
pH Permissible <85 1
Above Permissible >8.5 2
TDS Permissible <2000 ppm 1
Above Permissible | >2000 ppm | 10
F Permissible <1.5 ppm 1
Above Permissible | >1.5 ppm 25

These recoded parameter maps are then multiplied. The resultant map shows the value of 1, 2, 10, 50 and
250 are shown in the Table.4. The value of 1 indicates that the groundwater is potable and other values are indicative
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of non-potable groundwater quality. For knowing the parameter(s) responsible for non-potability, the following
criteria are used.
Table.4. Resultant values of the groundwater quality map with causative parameters

Parameter Class Score
Potable Above Permissible | 1
TDS + Fluoride -do- 2

pH and TDS -do- 10
pH and Fluoride -do- 50
pH + TDS + Fluoride | -do- 250

Fig'..6'. Ground water q‘L'J-éIity Potable/Non-Potable Figl?l. Ground water qijélity causative parameters

4. CONCLUSION

The Groundwater Quality maps thus obtained are shown in the Fig.6 and Fig.7. The results are summarised
below
. The quality evaluation can be carried out effectively by adopting the GIS based analysis The pH values in
the study area within the permissible limits, except at Bereddygudem, Ariagaddagudem and Gurappagudem villages,
where it is more than 8.5.

. The TDS concentration is within the permissible limits, except at Chandupatla, Cheruvuannaram and
Koyalapahad where it is recorded more than 2000 mg/I

. The fluoride concentration is more than the permissible limit in southern part, north-eastern part and small
pocket in the south-eastern part

. The fluoride is the main responsible parameter for making the drinking water non-potable in the area.
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