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ABSTRACT

Semi-arid region of Bhaskar Rao Kuntawatershed was studied to evaluate hydrogeochemical characteristics
of the fractured, semi-confined and water-stressed aquifers. Twenty groundwater samples were collected
from deeper bore wells during pre and post monsoon seasons in June and December 2009. The samples
were analysed for concentration of physico-chemical parameters (pH, EC, TDS, TH, Ca?*, Mg?*, Na*, K*,
HCO,, SO,?%, CI, NO, and F). The results were interpreted with Piper, Gibbs and Wilcox diagrams. For
interrelationships, the parameters were measured with correlation matrix and t-test methods. Bureau of
Indian Standards specifications were used and verified for suitability of groundwater quality. The type of the
groundwater quality was understood from the interpreted diagrams of Piper (85% magnesium bicarbonate
and 15% mixed type of samples), Gibbs (100% evaporation type samples) and Wilcox (85% high salinity
and 15% moderate salinity type of samples). The highest correlation was found between EC and TDS with
a correlation coefficient of 0.98 and the t-test behaviour was not significance, therefore, the geogenic and
rock water interaction was negligible with respect to seasonal variation. Due to high concentration of fluoride
(<1.5mg/L) and salinity (750 £ 2250 uS/cm), the groundwater quality was not suitable for drinking, and

special drainage system and crop practices are requisite for irrigation purpose in the study area.

INTRODUCTION

Water quality isrequiredto be determined to know whether
water issafe for drinking, irrigation and industrial purposes.
A number of studieson groundwater quality with respect to
various purposeshave been carried out in the different parts
of India(Majumdar et a. 2000, Sujathaet al. 2003, Sunitha
et al. 2005, Subba Rao 2006, Reddy 2010, Ravi Kumar et al.
2011). The groundwater quality in shallow aquifersisgen-
erally suitablefor usefor different purposes and its quality
is generally of calcium bicarbonate (EC<750 pS/cm) and
mixed type (EC is 750 £ 3000 uS/cm) (CGWB 2010). The
quality in deeper aquifers also varies from place to place
and wasgenerally found suitablefor all uses. In some cases,
groundwater hasbeen found unsuitablefor specific usesdue
to various contaminations mainly because of geogenic rea-
sons (Reddy et al. 2009). It is essential to classify the
groundwater on the basis of chemical analysisto know the
type of water, composition and concentration of variouscon-
dtituents. In the present study, the physico-chemical quality
of groundwater has been assessed with referenceto itssuit-
ability for drinking/agricultural purpose and inferred inter-
relationship of variableswith different statistical methods.

STUDY AREA
The Bhaskar Rao Kuntawatershed islocated at the Krishna

lower basin and covered in Survey of India(Sol) topo sheet
No: 56 P/6 & 56 P/10 (1:50000 scale). It is geographically
located between northern latitudes from 16°42'25" to
16°37'58" and eastern longitudes from 79°28'15" to
79°32'30" and politically placed in Damaracherla Mandal,
Nalgondadistrict of Andhra Pradesh state, India(Fig. 1).

Thewatershed area isexposed 40.25 sg.km and dightly
undulated terrain with moderate slopes. Altitude variesin
the range of 80 to 140m above the mean sea level. Annual
normal rainfall remains737mm and average maximum and
minimum temperature varies 40°C and 28°C respectively.
Drainage pattern showsdendritic to sub-dendritic, governed
by relief, regional slope, and homogenous lithology,
exhibited by streams, which could be either dueto structural
or topographic control. 146 streams contribute the flow of
mostly dry except for seasonal run-off.

Geology and soils: The areaisgeol ogically cong sted of the
Kurnool group of Palnadu sub-basin and partially covered
by Srisailam succession of Kadapa super group. General
sequence of sub-surface stratawas encountered with top soil,
weathered/semi weathered, and shale/quartzite. Srisailam sub
basinrock isexposed with Quartzites. The Quartzitesareinter
bedded with thin sltstone units and usually thick bedded,
dense and fine to medium grained. Palnadu sub-basin rocks
were exposed with calcareous (chemical precipitates)


http://www.neptjournal.com

718

Study Area Map

+ Kadapa Basin

Fig.1: Location map of the study area.

sediments like quartzites, shales and flaggy-massive
limestones. Soilsare cons sted with red, red sandy and black
soils,

MATERIALS AND METHODS

Twenty groundwater ssmpleswere collected from working
deeper bore wells (depth 60m) during the pre and post
monsoon seasons at identical |ocations. Locations of sam-
pling points were determined using a Global Positioning
System (GPS). The locations of the collected groundwater
samplesare shown Fig. 2. Collected sample bottleswerela-
belled, sealed and transported to the |aboratory under stand-
ard preservation methods. The major anion and cation con-
centrations were determined in the laboratory following
standard analytical procedures of American Public Health
Association (APHA 1998). The accuracy of the chemical
analyseswas checked by taking the rel ationship between the
total cations (Ca?*, Mg?, Na" and K*) and the total anions
(HCO,, SO,#, CI, NO, and F). Analytical datawereinter-
preted through different plotting/graphical representation
such as those of Piper (1994), Wilcox (1995) and Gibbs
(1970) diagrams. I nterrel ationships of variableswere meas-
ured with correlation matrix and t-test using software Win-
dows XP, and SPSS 18.0. Suitability of this water for its
utility wasverified by comparing theresults with Bureau of
Indian Standards specification: BIS (1998).

RESULTS AND DISCUSSION

General parameters: pH is the measure of the balance
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Fig.2: Groundwater samples location map.

between the concentration of hydrogen (H*) ions and
hydroxyl (OH") ionsin solution. In the study area, the pH
values show minimum and maximum range of 8to 9in pre
and post monsoon seasonsrespectively (Table 1), indicating
abasic nature. 75% and 100% of the samples showed a pH
value within the permissible limit of 6.5t0 8.5 (BIS 1998),
except 25% of the samples (sample no. 10, 14, 19 and 20)
crossing the permissiblelimit in pre-monsoon (Table 1).

Electrical conductivity (EC) measures presence of cati-
onsand anionsin the water; with moreionsin the water the
water’ selectrical conductivity (EC) increasesmaking thewa
ter saline. It isgenerally considered problematic for irriga-
tion use with crops of low or medium salt tolerance. In the
study area, the electrical conductivity (EC) varieswidely in
the range of 650 to 1497 pS/cm and 650 to 1526 pS/cm in
pre and post-monsoon seasons respectively (Table 1). 100%
of the samples showed EC within the permissible limit of
3000 pS/cm (BIS 1998).

Thetotal mass of dissolved constituentsisreferred to as
thetotal dissolved solids(TDS) concentration. Inwater, all
the dissolved solids are either positively charged ions(cati-
ons) or negatively chargedions (anions). Thetotal negative
charge of the anionsalways equal sthe total positive charge
of the cations. A higher TDS meansthat thereare more cati-
onsand anionsin the water. In the study area, the TDSval-
uesvaried widely from 321 to 729 mg/L to 325to 730mg/L
in preand post-monsoon seasonsrespectively (Table 1), All
the samples showed TDSwithin the permissible limit of 2000
mg/L (BIS1998).
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Fig.4: Wilcox diagram (a) Pre-monsoon, (b) Post-monsoon

Cation Chemistry

Ca&* are present in all natural water and contribute to the
hardness of water. It sources of Ca'2 in sedimentary miner-
alssuch asdolomite, calcite, aragonite; gypsum, anhydride,
and igneous rocks are weathering of feldspathic and ferro-
magnesium such as plagioclase feldspars, amphiboles,
pyroxenesand clay minerds. Inthe study areaCa'? concen-
trations are varies minimum and maximum range of 73 to
151 and 72 to 152mg/L in pre and post-monsoon seasons
respectively. 100% of the samples are within the permissi-
blelimits of 200 mg/L (BIS 1998).

Magnesium is present in all natural waters and one of
the common elementsin the earth crust. Common minerals
as source of magnesium are mafic minerals (amphiboles,
olivine, pyroxenes), dolomite, chlorite, magnesite and clay
minerals. It isanimportant contributor to water hardness. In
thestudy area, Mg?* concentration varieswidely in therange
of 53 to 102 mg/L and 53 to 107 mg/L in pre and post-
Monsoon seasons respectively, with 90% and 95% samples
in permissible limits of 100 mg/L (BIS 1998), except 10%
(Sample Nos. 12 and 7) and 5% of the samples (SampleNo.
7) crossing the permissible limits.

Na*" isacommon chemical in minerals, commonly found
insoilsand mineralslikefeldspars (albite), evaporites, such
ashalite (NaCl), clay and industrial wastes. In these forms,

they readily dissolveinwater. It isreleased dowly upon dis-
solution of rocks. Consequently, concentration increasesas
residencetimein ground water increases. There areno health-
based drinking water standardsfor sodium, neither hasa sec-
ondary drinking water standard. Sodium intake may lead to
hypertension and be a concern for people with heart condi-
tions. In the study area sodium concentration variesfrom 63
to 120 mg/L and 66 to 122 mg/L in pre and post-monsoon
seasonsrespectively.

K*iscommon in many rock sources such asweathering
of feldspar minerals (orthoclase, microcline) fel dspathoids,
micas, and clay. Potass umisgradually released from rocks.
Many of these rocks are relatively soluble and potassium
concentrationin groundwater increaseswithtime. There are
no health-based drinking water standardsfor potassum, nei-
ther it has a secondary drinking standard. In the study area
potassium concentration varies in the range of 0.6 to 1.5
mg/L and 0.5to 1.1 mg/L in pre and post-monsoon seasons
respectively.

Tota hardness(TH) isprimarily imparted by cationssuch
as calcium and magnesium, and anions such as carbonate,
bi carbonate, chloride and sulphatein water. In thestudy area,
the total hardness variesfrom 323 to 325 mg/L and 325 to
575 mg/L in pre and post-monsoon seasons respectively.
100% of the samples were within the permissible limit of
600 mg/L (BIS1998).
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Anion Chemistry

HCO, source rocks arelimestonesand dol omites. The source
of bicarbonate is attributed to the dissociation of the car-
bonic acid. Oxidation of organic matter by microbes gener-
ates CO, which then combines with water to from carbonic
acid. The high carbonate indicates that intense chemical
weathering has taken place in the drainage basin due to mi-
crobial activity. Inthestudy area, bicarbonate concentration
variesfrom 165 to 260 mg/L and 168 to 262 mg/L in preand
post-monsoon seasons respectively. All the sasmples were
within the permissible limits of 400 mg/L (BIS 1998).

SO,* has major sources like oxidation of sulfide ores,
gypsum and anhydrides. It occursin water astheinorganic
sulphate salts aswell asdissolved gas (H,S). Sulphateisnot
a noxious substance although high sulphatesin water may
have alaxative effect. High concentration of sulphatesindi-
cated pollution from application of fertilizersto agricultural
lands. Inthe study area, sul phate concentration variesinthe
range of 19 to 43 mg/L and 19 to 46mg/L in pre and post-
monsoon seasons respectively. All the samples are within
the permissible limits of 400 mg/L (BIS 1998).

NO, sources commonly include human activity such as
application of fertilizer infarming practi ces, and human and
animal wastes. The concentration of nitrate variesfrom 17
to 49 mg/L to 18 to 51mg/L in pre and post-monsoon sea-
sons respectively. In the study area, 95% and 100% of the
samples are within the permissible limits of 456mg/L (BIS
1998) in the two seasons.
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Chlorideispresent in all natural waters. Chief sourcesof
it are igneous and sedimentary rocks (evaporites), and hu-
man sources. High concentration of chloride content imparts
asalty tastetothewater. Inthe study area, the concentration
of chloride variesfrom 30 to 150 mg/L and 31 to 120 mg/L
in pre and post-monsoon seasonsrespectively. All the sam-
pleshave chloride within the permissblelimits of 250mg/L
(B1S1998).

Apatite minerals are principal sources of fluoride con-
tent in groundwaters. Natural concentration of fluoride com-
monly varies from about 0.01 to 10 mg/L. Fluoride in ex-
cessive concentration may case dental defects, affect bone
gructureand in acute causesfluorosis. Inthestudy area, fluo-
ride concentration variesfrom 2to 4 mg/L in pre and post-
monsoon seasonsrespectively. In all the samples concentra-
tioniscrossngthepermissblelimitsof 1.5mg/L (BIS1998),
therefore, the groundwater is not suitable for the drinking
purposes.

Piper Trilinear Diagram

The hydrogeochemical nature of groundwater can be under-
stood by plotting the major cations and anions in the Piper
trilinear diagram (Piper 1994). Thisdiagram revelssmilari-
ties and differences among groundwater samples because
those with similar qualities will tend to plot together as
groups(Todd 2001). Thisdiagram isvery useful in bringing
out chemical relationships among groundwaters in more
definitiveterms (Walton 1970). The geochemical evolution
can be understood from the Piper plots, which has been di-
vided into four divisions and nine subdivisions (Table 3
and Fig. 3).

Anintervening major divisionsof diamond shaped field,
all thewater samplesare covered under classof alkaline earth
(Ca+ Mg) exceed alkalies (Na+ K), and 85% and 15% of
samplesare coveredin theweak acids(CO, + HCO,) exceed
strong acids (SO, + Cl) type, and strong acids exceed weak
acidstype respectively. Inthe subdivision of diamond shaped
field, 85% and 15% of similar samples are covered in the
magnesium bi carbonate type and mixed typein pre and post-
monsoon seasons respectively (Table4 and Fig. 3).

Wilcox Diagram

Wilcox (1995) classified groundwaters for irrigation pur-
poses based on salinity and sodium hazard.

Salinity hazard: Low salinity water (C-1) can be used for
irrigation of most crops on most soils; medium salinity wa-
ter (C-2) can be used if a moderate amount of leaching oc-
curs; high salinity water (C-3) can not be used on soilswith
restricted drainage, and very high salinity water (C-4) isnot
suitablefor irrigation.
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Table 1: Results of hydrochemical parameter concentrations in pre and post-monsoon seasons.
Longitude Latiitude Pre-monsoon Post-monsoon
pH EC TH Ca& Mg» Na K* HCO;C SO2 NO; TDS F pH EC TH Ca& Mg* Na K* HCO,Cl SO NO; TDS F
79.48184 16.69462 8 859 407 96 72 72 0.8 199 57 23 25 425 3 8 862 418 103 78 75 0.8 206 61 27 29 431 3
79.52091 16.69261 8 795 446 79 83 120 1.0 231 37 39 26 395 3 8 798 450 82 89 122 10 241 39 41 28 399 3
79.51853 16.69924 8 840 495 883 87 80 1.0 219 95 33 25 425 4 8 855 500 92 89 81 09 226 97 34 29 427 4
79.50391 16.67703 8 1300 423 127 88 110 1.0 192 115 28 26 650 4 8 1304425 132 89 109 09 195 12029 26 652 4
79.50153 16.67625 8 751 422 97 65 103 0.8 184 50 31 23 377 2 8 758 425 101 68 106 0.7 189 51 32 24 379 2
79.49611 16.68746 8 1349 523 140 94 81 1.0 237 110 23 40 670 3 7 1355525 144 97 86 1.1 244 11325 41 677 3
79.49947 16.67665 8 873 396 116 100 70 0.8 217 60 19 29 435 3 8 876 400 118 103 74 0.8 220 61 19 30 438 3
79.49188 16.67732 8 965 446 118 72 81 0.8 241 95 31 30 480 3 8 967 450 122 73 82 0.7 247 96 32 32 483 4
79.52731 16.69863 8 689 323 108 53 89 0.7 165 93 23 29 348 2 8 698 325 112 53 91 06 168 96 26 31 349 2
79.51375 16.70373 9 781 397 8 91 81 0.6 19 47 27 21 390 2 8 782 400 89 92 82 05 198 48 29 22 391 2
79.52091 16.70356 8 829 370 91 67 75 1.0 221 38 43 35 414 3 8 830 37592 69 74 10 229 39 46 39 415 3
79.47841 16.66934 8 661 573 95 102 102 0.9 179 30 25 40 328 4 8 662 575 96 107 106 0.9 183 31 26 41 331 4
79.48162 16.68361 8 650 349 73 56 63 0.7 177 35 19 38 321 3 8 650 350 72 58 66 0.7 183 36 19 39 325 3
79.48616 16.67927 9 852 447 130 76 71 0.8 196 73 39 24 420 4 8 849 450 131 76 72 0.7 198 76 41 26 425 4
79.52356 16.67901 8 1001 347 85 69 106 1.0 260 46 36 17 500 2 8 1008350 88 71 110 09 262 47 38 18 504 2
79.51143 16.65753 8 1421 396 114 70 80 1.0 244 102 37 49 711 2 8 1428400 116 73 83 09 250 10939 51 714 2
79.51427 16.66217 9 1453 520 151 91 77 10 236 54 35 20 729 3 8 1460525 152 93 78 1.1 24159 37 21 730 4
79.50864 16.67751 8 1027 542 124 95 80 0.9 192 97 24 31 573 3 8 1031550 128 96 81 0.7 189 99 25 32 576 3
79.50442 16.66661 9 901 497 97 97 91 1.0 212 98 27 41 452 3 8 910 500 101 98 93 1.0 214 10629 43 455 3
79.52186 16.65682 9 1497 536 119 88 91 15 237 83 38 34 651 3 8 1526550 127 94 97 1.0 243 87 42 39.7663 3
All units are expressed in mg/L except pH, EC (uS/cm)
Table 2: Summary statistics of hydrochemical parameter concentrations.
Param- Pre-monsoon Post-monsoon
eters
Min  Max Mean SD SE SV Ccv Kur- Skew Min Max Mean SD SE SV Ccv Kur- Skew
tosis  ness tosis  ness
pH 8 9 8 035 008 013 4.29 -0.59 0.36 7 8 8 024 005 006 297 153 -0.73
EC 650 1497 981 281 65 79167 28.69 -0.80 0.78 650 1526 987 285 65 81094 28.86 -0.75 0.80
TH 323 573 445 74 17 5469 1663 -1.09 009 325 575 449 75 17 5658 16.76 -1.11 0.10
Ca 73 151 107 2 5 470 2022 -0.74 029 72 152 110 22 5 492 20.13 -0.87 0.15
Mg 53 102 81 15 3 222 1833 -096 -044 53 107 84 15 4 239 1851 -0.82 -044
Na 63 120 87 15 3 229 1740 -0.23 0.66 66 122 89 15 4 236 1725 -053 0.60
K 057 153 092 020 0.04 0.04 2138 501 138 046 112 084 0.18 0.04 003 2079 -050 -041
HCO3 165 260 212 27 6 732 1273 -1.13 -0.07 168 262 217 28 6 794 1300 -1.35 -0.09
Cl 30 115 71 29 7 826 4022 -165 -001 31 120 74 30 7 903 4049 -164 0.00
SO4 19 43 30 7 2 52 2375 -112 0.02 19 46 32 8 2 61 2447 -089 0.02
NO3 17 49 30 8 2 71 2771 -033 047 18 51 32 9 2 77 27.18 -052 034
TDS 321 729 488 134 30.73 17945 2746 -101 064 325 730 491 135 31 18171 27.44 -1.05 0.63
F 2 4 3 0.70 016 050 2402 -113 -017 2 4 3 0.74 0.17 054 2388 -1.34 -0.30

All unitsarein mg/L, EC in pS/cm; SD = Standard Deviation; SE = Standard Error; SV = Sample Variance; CV = Coefficient of Variation

Sodium hazard: Low sodium water (S-1) can be used for
irrigation on almost all soils; medium sodium waters (S-2)
will present an appreciable sodium hazard in fine textured
soils; high sodium water (S-3) may produce harmful levels
of exchangeabl e sodium in most soils; and very high sodium
water (S-4) isgenerally unsatisfactory for irrigation purposes.

In the study area, the groundwater quality of 85% and
15% of similar samples were falling under the category
C,-S, and C2-S1 class in pre and post-monsoons seasons
respectively (Table 5 and Figs. 4a & 4b). A high salt
concentration present in the water will negatively affect the
crop yields. Its results are required for soil and water

management practicesfor salinity control like salt tolerance
of the type of crop. For low sodium irrigation water may use
all soilswith all crops.

GibbsDiagram

Lastly, to know the groundwater chemistry and therelation-
ship of the chemical componentsof water to their respective
aquifers such as chemistry of the rock types, chemistry of
preci pitated water, and rate of evaporation, Gibbs (1970) has
suggested a diagram in which ratio of dominant anionsand
cationsare plotted against the value of TDS. Gibbsdiagrams,
representing the ratio 1 for cations[(Na+K)/(Na+K+Ca)] and

Nature Environment and Pollution Technology - Vol. 11, No. 4, 2012
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Table 3: Hydrochemical resultsin Piper trilinear diagram.
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Subdivision Class

of the diamond

Samples Falling in Dissimilar Seasons
Pre-monsoon Post-monsoon
No. of samples % No. of samples %

1 Alkaline earth (Ca+ Mg) exceed akalies (Na + K) 100 All samples 100 All samples

2 Alkalies exceeds alkaline earths 00 Nil 00 Nil

3 Weak acids (CO, + HCO,) exceed strong acids(SO, + Cl) 85 (17) expect 4,9,18 85 (17) expect 4,9,18

4 Strong acids exceeds weak acids 15 (3)4,9,18 15 (3)4,9,18

5 Magnesium bicarbonates 85 (17) expect 4,9,18 85 (17) expect 4,9,18

6 Calcium-chloride type 00 Nil 00 Nil

7 Sodium-chloride type 00 Nil 00 Nil

8 Sodium-bicarbonate type 00 Nil 00 Nil

9 Mixed type (no cation-anion exceed 50%) 00 (3) 4,9,18. 00 (3) 4,9,18.

Table 4: Results of hydrogeochemical facies.
Hydrogeochemical facies of the different seasons
Pre-monsoon Post-monsoon

Facies No. of samples & S.No Percent Facies No. of samples & S.No Percent
Mg-Ca-Na-HCO, (8) 1,2,3,4,5,13,16,18 40 Mg-Ca-Na-HCO, 9)1, 2,3,4,5,9,13,16,18 45
Mg-Ca-Na-HCO,-Cl (6) 8,10,11,14,17,19 30 Mg-Ca-Na-HCO,-Cl (5)8, 10,11,14,17 25
Mg-Na-Ca-HCO, 2) 7,12 10 Mg-Na-Ca-HCO, 27,12 10
Ca-Mg-Na-HCO, (2)9,6 10 Ca-Mg-Na-HCO,-CI (2)19,20 10
Mg-Ca-Na-Cl-HCO, (1) 15 5 Mg-Ca-Na-Cl-HCO, (1)15 5
Ca-Mg-Na-HCO,-CI (1)20 5 Ca-Mg-Na-HCO, (1)6 5

Table 5: Wilcox classification of groundwater.

S.No Class Samples falling in dissimilar seasons
Pre-monsoon Post-monsoon
% No. of samples and Range % No. of samples and Range
1 C2-s1 15 3)9,12,13 15 3)9,12,13
2 C3-s1 85 (17) Except 9, 12, 13 85 (17) Except 9, 12, 13

ratio 2 for anions[Cl/(Cl+ HCO,)] asafunction of TDS, are
widely employedto assessthe functional sourcesof dissolved
chemical congtituents, such as precipitation dominance (PD),
rock dominance (RD), and evaporation dominance (ED)
(Gibbs 1970).

The chemical data of groundwater sampleswere plotted
in the Gibbs diagram (Fig. 5). All samples were represent-
ing evaporation dominance. No s gnificance of precipitation
and rock dominance was found in the study area. Evapora-
tion increases salinity by increasing Na“ and Cl- in relation
to increase of TDS. Anthropogenic activities (agricultural
fertilizers and irrigation return flows) also influence the
evaporation by increasing Na“ and Cl- and thus TDS.

Correlation Matrix

A commonly used method to find the relationship between
two variablesisthe correlation coefficient, which issmply
ameasure to show how well one variable predicts another

Vol. 11, No. 4, 2012 - Nature Environment and Pollution Technology

(Krumbein et a. 1965). In general, three different sets of
strong rel ationships exist between major cations and anions
in an aqueous system (Douglaset al. 1977). Samples show-
ing r > 0.7 are considered to be strongly correlated whereas
r between 0.5 and 0.7, and r < 0.5 show moderate correla-
tion and low correlation at a significance level of p < 0.05,
respectively (Table 6).

Three different sets of strong relationships existing be-
tween major cationsand anionsare:

1. Thehighly competitive relationship between ions hav-
ing same charge but adifferent valance number, e.g., Ca?*
and Na'.

The affinity between ions having different charges but
the same valancenumber, e.g., Na* and Cl-.

The non-competitive rel ationship between ions having
the same charge and same val ence number, e.g., Ca* and
Mg?.

Highly competitiveion relationship: Cationssuch as Ca?*
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Table 6(a): Correlation matrix of pre-monsoon season.
Parameters Pre-monsoon
pH EC TH Ca? Mg? Na* K*  HCO; Cl- SO > NO, TDS F
pH 1
EC 0.01 1
TH 0.18 0.36 1
Ca? -0.13 0.71 0.43 1
Mg? 0.09 0.28 0.76 0.34 1
Na* -0.03 0.02 0.12 -0.19 0.12 1
K* 0.28 0.65 0.48 0.22 0.29 0.30 1
HCO, 0.12 0.60 0.12 0.20 0.15 0.08 0.55 1
Cl- -0.30 0.52 0.22 0.56 0.16 -0.04 0.18 0.13 1
SO 0.34 0.29 0.03 0.02 -0.15 0.26 0.48 0.54 -0.11 1
NO, -0.26 0.16 0.20 0.03 0.08 -0.19 0.22 0.01 0.28 -0.15 1
TDS -0.07 0.98 0.36 0.74 0.30 0.00 0.55 0.58 0.56 0.24 0.15 1
F -0.02 0.11 0.56 0.31 0.43 0.04 023 -0.02 0.20 021 0.04 0.11 1
Table 6(b): Correlation matrix of post-monsoon season.
Parameters Post-monsoon
pH EC TH Ca? Mg? Na K* HCO, Cl- SO NO, TDS F
pH 1
EC -0.46 1
TH -0.21 0.37 1
Ca? -0.71 0.72 0.44 1
Mg? -0.21 0.29 0.77 0.31 1
Na 021 0.05 0.13 -0.16 0.17 1
K* -0.19 0.56 041 0.28 0.37 0.24 1
HCO, 0.06 0.58 0.12 0.17 0.15 0.11 0.62 1
Cl- -0.52 0.54 0.23 0.60 0.11 -0.05 0.16 0.11 1
SO 0.29 0.31 0.04 0.03 -0.15 0.22 0.39 0.55 -0.08 1
NO, -0.21 0.18 021 -0.01 0.08 -0.18 0.30 0.06 0.29 -0.06 1
TDS -0.51 0.98 0.37 0.75 0.30 0.01 0.55 0.55 0.58 0.25 0.15 1
F -0.25 021 0.60 0.38 0.45 -0.06 0.42 0.11 0.15 021 -0.02 021 1
Table 7: Summary statistics of different hydrochemical concentrations between pre-monsoon and post-monsoon seasons.
Parameters Paired Differences Between Pre - Post-monsoon Seasons samples Correlation  Sig. t
Mean Sib} SE S cv Kurtosis Skewness
pH -0.3 0.26 0.06 0.07 1.32 -2.12 1.09 0.67 0.001 -5.23
EC 5.75 6.78 152 -1926.72 -0.17 -0.06 -0.02 1.00 0.000 3.79
TH 44 32 0.72 -189.09 -0.13 0.01 -0.01 1.00 0.000 6.15
Ca? 32 212 0.47 -22.22 0.09 0.13 0.14 1.00 0.000 6.76
Mg? 25 191 0.43 -17.61 -0.19 -0.13 0.00 0.99 0.000 5.87
Na 225 1.83 041 -7.56 0.15 0.29 0.06 0.99 0.000 5.49
K* -0.07 0.14 0.03 00.01 0.59 55 1.79 0.72 0.000 -2.39
HCO, 4.49 274 0.61 -62.00 -0.26 0.22 0.03 1.00 0.000 7.31
Cl- 2.8 212 0.47 -76.36 -0.27 -0.02 -0.01 1.00 0.000 591
SO 18 111 0.25 -9.47 -0.72 -0.23 0.00 0.99 0.000 7.28
NO, 194 1.43 0.32 -5.81 0.52 0.19 0.13 0.99 0.000 6.07
TDS 0.17 0.2 0.04 -225.15 0.02 0.03 0.01 0.96 0.000 3.86
F 35 2.59 0.58 -0.05 0.14 021 0.13 1.00 0.000 6.05

All unitsarein mg/L, EC in uS/cm; SD = Standard Deviation; SE = Standard Error; SV = Sample Variance; CV = Coeffient of Variation
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with Na* negative and with K*postive correlation; Mg? with
Na" and K* positive correlation; anions such as SO, with
HCO, and F have positive correlation and with Cl-and NO,
hasnegative correlation.

Affinity ion relationship: Monovalent ionssuchasNa" with
Cl-and NO, have negative and with HCO, positive correla-
tion; K* with CI~F, HCO, and NO, has positive correla-
tion. Bivalent ionsare such as Ca* with SO,* have positive,
and Mg? with SO,> has negative correlation.

Non-competitive ion relationship: Bivalent ionsare such
as between Ca?* with Mg? correlations are significant. Cl-
withHCO,, F and NO," haspositive correlations, and HCO,
with NO," has positive correlation.

Table 6 (a&b) shows good correlation between EC and
TDSwith a correlation coefficient of 0.98. It indicates that
EC isameasure of dissolved solidsin the groundwater. To-
tal dissolved solids have been taken into account as a de-
pendent variable. TDS ismainly dependent on the concen-
tration of major ionssuch asCa*, K*, Mg*, HCO,, Cl', SO, *
and NO, . TDS showssignificant correlationwith Cl-, Mg*,
Ca*, SO,* and NO,. Thefluoride concentration has signifi-
cant correlation with TH, magnesium and potassium.

t-Test: Thet-test model behaviour was indicated withinthe
same variables (between pre and post monsoon seasons) sig-
nificance (probability levels:+4<0.05) and strength (coeffi-
cient of determination = R?) of rel ationships. Theresultsshow
that larger the coefficient of determination (R?), stronger the
relationship between pre and post monsoon seasons sam-
ples(Table 2). Therefore, hydrogeochemial (geogenic and
rock water interaction) reactions were negligible with re-
spect to seasons.

CONCLUSIONS

Semi-arid region of Bhaskar Rao Kunta watershed
groundwater quality was evaluated and it was reveal ed that
the chemical parameter concentrations of the groundwater
were not suitable for drinking purpose due to high concen-
trationsof fluoride (< 1.5mg/L ). Wilcox diagram show that
85% and 15% of smilar sampleswerefalling under the cat-
egory of C,-S and C,-S, in both the seasons. It indicates
that high salt concentrationswere present in the groundwater
which may cause negative effect of crop yields. Therefore,
drainage and crop management practicesarerequired. Low
sodium irrigation water may be used for any type of crop
practices. Piper trilinear diagram shows 85% and 15% of
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similar samples falling under the category of magnesium
bicarbonate and mixed typewater in both the seasons. Gibbs
diagram indicates evaporation dominance type, no signifi-
cance of precipitation and rock dominancetype. Correlation
matrix table givesinterrelationship of the variables. EC and
TDS have highest correlation (r = 0.98). Thet-test behav-
iour has no significance and strong correl ation between pre
and post monsoon seasonal variableswas found; therefore,
the geogeni c and rock water interaction was negligible.
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