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ABSTRACT

Groundwater, a vital resource for drinking and irrigation in the semi-arid regions of Andhra Pradesh, is increasingly threatened by rapid depletion and quality
deterioration due to growing demands from intensive agriculture and population expansion. In this study, a total of 92 groundwater samples were collected
from boreholes during the pre-monsoon (PRM) and post-monsoon (POM) seasons, and their physicochemical properties were systematically analyzed. The
major ion sequence in the groundwater was found to be Na*> Ca?"> Mg?*> K* for cations, and HCO3> CI> SO,>> NOs > F for anions. During the PRM
season, only 19% of the samples met drinking water standards, with Water Quality Index (WQI) values ranging from 59.18 to 172.21. In the POM season,
22% of the samples were deemed safe for drinking, with WQI values ranging from 70.07 to 229.46. The majority of the samples were unsafe due to
contamination from human activities, including improper sewage disposal and agricultural runoff. To assess the suitability of groundwater for agricultural
and domestic use, Gibbs, USSL, and Wilcox diagrams were utilized. The Gibbs plot indicated that rock dominance governs the groundwater chemistry in
the region. Most samples were highly suitable for irrigation, as evidenced by favorable Sodium Adsorption Ratio (SAR), %Na, Soluble Sodium Percentage
(SSP), Kelly’s Ratio (KR), Residual Sodium Carbonate (RSC), and Permeability Index (PI) values. The Piper diagram revealed a prevalence of Ca?-HCO5
and Ca?"-Mg?"-CI- water types. Using Geographic Information System (GIS) techniques, the spatial distribution of groundwater quality was mapped, showing
that the majority of samples failed to meet drinking water quality standards, thus necessitating treatment before consumption. Groundwater with elevated
concentrations of fluoride and nitrate is unsuitable for drinking purposes and should be avoided. The findings underscore the urgent need for sustainable
aquifer management strategies to ensure the continued availability of safe groundwater for both domestic and agricultural use.
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INTRODUCTION Understanding hydrogeochemical processes is essential for

. . . . identifyin and managin contamination sources in
Water is an essential resource that sustains life across ymne ging

. . . groundwater. Small amounts of metal ions are essential for
ecosystems, supporting both plant and animal life. However,

. . o health, yet excess exposure can be toxic or even carcinogenic.
the quality of groundwater, an important source for drinking Y P g

o N . The rise of newly developed chemicals further threatens water
and irrigation, is deteriorating due to a combination of natural ) o
resources, underscoring the urgent need to mitigate these
contaminants (Asadi et al., 2019; Anusha et al., 2022).

Innovative solutions, such as the use of nano-adsorbents, are

processes and anthropogenic activities. Factors such as rising
temperatures, industrial discharge, and intensified agricultural
practices are exacerbating water quality degradation, posing
significant health risks to both aquatic and terrestrial
ecosystems (Badapalli et al., 2024). These concerns highlight

under investigation to remove pollutants; however, local
geochemical processes play a substantial role in defining

. . . roundwater chemistry and require careful analysis.
the need for comprehensive groundwater quality monitoring to g Y 4 ¥

protect ecological integrity and anticipate future environmental In India, the quality of groundwater, especially in hard rock
changes (Khatri et al., 2020; Parveen et al., 2025). terrains like Anantapur, Andhra Pradesh, is declining due to

. .. . opulation growth, intensive groundwater extraction, and
The purity of groundwater is influenced by both geogenic and popu growth, ve groundw X ’

. - . L excessive fertilizer use. Numerous studies have analyzed the
anthropogenic factors. With increasing industrialization and y

. . . impact of human activities such as wastewater discharge,
the expansion of modern agricultural practices, untreated waste . . . .
agricultural chemicals, and water-rock interactions on
and surface runoff often enter the groundwater system,

disrupting ecological balance (Gugulothu et al., 2022;

Molagamudi et al., 2023). Groundwater quality is governed by

groundwater, highlighting the need for strategies to improve
groundwater suitability for drinking, agricultural, and
industrial use (Subba Rao et al., 2019; Nayak et al., 2023). In
the semi-arid Pandameru River basin, Andhra Pradesh,
groundwater accounts for 80-90% of water needs, necessitating
immediate action to safeguard this essential resource (Pappaka
et al., 2024).

multiple factors, including the chemical composition of
surrounding rocks and soils, seasonal rainfall patterns, aquifer
dynamics, and human activities such as the improper disposal
of waste into poorly constructed wells. As groundwater
percolates through weathered rock layers, its chemistry is
altered by regional geology, flow patterns, and mineral Water Quality Index (WQI) is a widely recognized tool for
interactions, all of which collectively shape its quality. assessing groundwater suitability. Unlike traditional evaluation
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methods that may lack a comprehensive view of spatial and
temporal water quality trends, the WQI provides a single metric
representing overall water quality, making it an effective
resource for policymakers (Dutta et al., 2022; Golla and
Badapalli, 2022). This study underscores the significance of
WQI as a reliable method for assessing groundwater quality for
drinking, agricultural, and hydrochemical purposes in semi-
arid regions of Andhra Pradesh, India.

This study aims to evaluate groundwater quality in the semi-
arid Pandameru River Basin, Andhra Pradesh, India, with a
focus on its suitability for drinking, agricultural, and industrial
use. By integrating the Water Quality Index (WQI) with
detailed hydrogeochemical analyses, the research identifies
key contaminants and geochemical processes influencing
groundwater quality. The novelty of this study lies in the
combined application of WQI and localized hydrogeochemical
data to offer a nuanced understanding of groundwater quality
dynamics in a region critically reliant on this resource. The
findings intended to aid local communities and
policymakers by providing actionable insights for sustainable
groundwater management, protecting public health, and

optimizing agricultural practices in an environment susceptible

are

to contamination and resource depletion. These insights can
further inform water quality monitoring initiatives, support the
development of pollution mitigation strategies, and contribute
to policy frameworks aimed at long-term groundwater
conservation in arid and semi-arid regions.

N
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STUDY AREA

The study area is situated in the central part of Anantapur
district, Andhra Pradesh, South India, bounded by 14°16'N to
14°40'N and 77°20' E to 77°44' E. It is covered by Survey of
India toposheets Nos. 56 F/6, F/7, F/10, and F/11.
Geologically, the region falls within the Peninsular Gneissic
Complex and comprises lithological units such as hornblende-
biotite gneiss (HBN), Closepet granites, and schist formations
(Reddy, 1998). This semi-arid region experiences moderate
rainfall and significant evapotranspiration, with considerable
seasonal temperature variation. The average annual rainfall is
approximately 517.8 mm, which plays a crucial role in
recharging the aquifers. Groundwater occurs at depths ranging
from 10 to 30 meters below ground level (bgl), with the
weathered zone extending to 5-15 meters and the fractured
zone reaching to depths of 20-50 meters. Groundwater
movement generally follows the natural topography, flowing
from higher elevations toward lower-lying areas,
predominantly in a southerly to south-easterly direction. The
region is highly dependent on groundwater resources for both
drinking and agricultural needs. However, declining
groundwater levels due to seasonal variability and excessive
extraction have raised serious concerns about long-term water
resource sustainability. Figure 1 presents a detailed map of the
study area, illustrating the sampling locations and key
hydrogeological features.
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Figure 1. Sample site map of the investigated region in Anantapur district of Andhra Pradesh.
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METHODOLOGY
Groundwater quality for drinking and irrigation

To assess the groundwater chemistry, 46 groundwater samples
were collected from open wells and bore wells during the both
pre-monsoon (March) and post-monsoon (December) seasons
in 2023. The study area of the Pandameru River Basin is
characterized by diverse lithological variations, and the
availability of groundwater varies significantly across different
locations. The entire study area is underlain by hard rock
aquifers, which influences groundwater distribution and
quality. The samples were collected in one-liter plastic bottles,
which were pre-cleaned in the laboratory with diluted HNO:s
acid and distilled water to prevent contamination. Additionally,
the sampling locations' latitude and longitude were recorded
using a GPS device to ensure precise geo-referencing.

Key parameters such as pH, EC, TDS, total hardness (TH),
Ca®*, Mg, HCOg, CI, Na*, K*, SO4*, NOz, and F were
determined using various analytical methods, including pH and
conductivity meters, titration, flame photometry, and
spectrophotometry. Sample compatibility with WHO, 2011
drinking water guidelines was assessed. The major cations and
anions were graphed on a Piper Trilinear diagram, projecting
to a shared diamond-shaped area to classify water types. The
Gibbs diagram (Gibbs, 1970) was used to interpret the
variables affecting groundwater chemistry quality criteria in
the research region. Table 1 shows the irrigations parameters
along with formulas.

Precision and Reliability Check

Using standard procedures, we analyzed the acquired samples
for major and minor dissolved ions. The total cations and total
anion balances were used to calculate the ionic charge balance
error percentage, as outlined by Freeze and Cherry (1979). The
error percentage in the samples is approximately +5%, with a
few outliers attributed to certain ions exhibiting significantly
higher levels during different seasons. Errors in groundwater
chemical analysis may arise from factors such as the use of
reagents, limitations of the techniques and instruments
employed the presence of pollutants in distilled water, and
other potential sources.

Y, Cations—Y Anions

IBE (Ionic Balance Error) = x 100 (1)

Y Cations—Y Anions
Water Quality Index (WQI)

WQI is an essential statistic for assessing groundwater quality
and evaluating whether it is fit for human consumption. WQI
is a classification system that evaluates the broad acceptance of
water for human consumption using a combination of various
water quality parameters (Sharma and Bora, 2020; Kumar et
al., 2022; Chinthala et al., 2023). WQI is determined using
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WHO (2011) drinking standards. The WQI is calculated in
three steps. The constraints (pH, EC, TDS, HCOs', CI', F,
SO4F, NOy, Ca?*, Mg?, Na*, and K*) were each assigned a
weight (wi) in the first phase depending on how important they
were to the overall quality.

The parameters NO;", TDS, CI', F-, and SO4> have been assigned
an extreme weight of 5, owing to their important character in
influencing water quality (Table 2). Bicarbonate is assigned a
weight of 1 since it has minimal effect on water quality
assessment. The remaining variables, such as Ca%", Mg?", Na*,
and K*, were weighted from 1 to 5 to indicate their respective
relevance in defining water quality. The relative weight (Wi) is
calculated in the initial stage using the formula 2,

wi

S (wi)

Wi @
The "quality rating (qi)" for the third stage is calculated using
Equation 3

qi = (ﬂ) x 100 (3)

If Ci represents the attentiveness of each characteristic in each
water sample, then Si represents the recommended WHO,
(2011) value for each characteristic. The subsequent equations
will calculate WQI because Wi and qi were combined to
estimate the SIi for each characteristic independently following
equations 4 and 5.

Sli=wi xqi (4)
WQI = ¥, SIi(5)

The sub-index of each parameter is here designated as Sli.

RESULTS AND DISCUSSION

Tables 3 and 4 provide the values of physicochemical
parameters measured in mg/L, except EC (uS/cm) for different
seasons. The pH of groundwater is a vital hydrologic indicator,
with values across both the PRM (7.4-8.3) and POM (7.1-8.3)
seasons averaging within WHO’s recommended 6.5-8.5 range
for human consumption. Electrical Conductivity (EC), which
indicates dissolved substances in water, recorded seasonal
variations between 1473 and 3254 pS/cm, categorizing the
water as moderate to poor quality (WHO threshold: 1500
puS/cm). Total Dissolved Solids (TDS), responsible for
hardness and taste, ranged from 1030.8 to 2279 mg/L,
classifying all groundwater samples as brackish per Freeze and
Cherry standards (Freeze and Cherry, 1979).

Calcium (Ca?") concentrations, crucial for health, fluctuated
between 107 and 277 mg/L, with most samples falling within
WHO’s acceptable range (85% PRM, 78% POM). Magnesium
(Mg?"), another essential mineral, showed pre- and post-
monsoon concentrations from 20 to 142 mg/L, staying well
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within the WHO standard. Sodium (Na*) content, critical for
individuals with health conditions, varied from 92 to 348 mg/L;
only 74% (PRM) and 48% (POM) of samples were suitable per
WHO’s 200 mg/L limit, with elevated levels attributed to
feldspar weathering.

Potassium (K*), typically low due to its bond strength in
minerals, ranged from 1.0 to 16.6 mg/L, with 74% (PRM) and
69% (POM) samples considered safe. Chloride (CI") levels
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varied seasonally, with high concentrations suggesting
potential pollution from anthropogenic sources and posing
health risks for specific conditions. Sulfate (SO+*") levels,
driven by industrial emissions and mineral oxidation, remained
acceptable in 78% (PRM) and 80% (POM) of samples (Table
5). Bicarbonate (HCOs"), indicating alkalinity, surpassed the
WHO limit of 600 mg/L in around 40% of samples, likely due
to organic matter decomposition(Table 5).

Table 1. Studied irrigational parameters .

Parameters Formulae References
Na*
Sodium adsorption ratio SAR = JCaZtrMg?+ Richards (1954)
2
Nat + K+
Percentage sodium %Na = x 100 Wilcox (1955
g ¥oNa Ca?* + Mg?* + Nat + K* ( )
. Na* .
Sodium soluble percentage SSP = x 100 Richards (1954)

Ca?* + Mg?* + Nat + K*

Residual sodium carbonate

RSC = (HCO; + CO%™) — (Ca?* + Mg?¥)

Eaton (1950)

Magnesium adsorption ratio MAR = -

_ Mgt
aZ+ + Mg 2+

%100 Szabolcs (1964)

Na +/HCO,"

Permeability index PI

T CaZt + Mg?* + Nat

% 100
Doneen (1964)

Kelley’s Ratio

Na*
R =
Ca%* + Mg?*

Kelley (1940)

Table 2. The physiochemical parameters with their allotted and relative weights.

Chemical parameters Standards Weight (wi) Relative weight (Wi)
(WHO, 2011)
pH 8.5 4 0.10
TDS 500 5 0.12
Ca? 75 3 0.07
Mg?* 30 3 0.07
Na* 200 4 0.10
HCOs 300 1 0.02
F 15 5 0.12
Cr 250 5 0.12
SO* 200 5 0.12
NOs 45 5 0.12
TH 300 2 0.05
Swi=42 >=Wi=1.0

All parameters are in Mg/L except for pH
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Table 3. Physico-chemical analysis of groundwater sample for pre-monsoon season.

S. Sample locations oH EC TDS Ca* Mg Na* K* HCOy F cr SO NOz TH
No (uSfcm) | (Mg/L) | (Mg/L) | (Mg/L) | (Mg/L) | (Mg/L) | (Mg/L) | (Mg/L) | (Mg/L) | (Mg/L) | (Mg/L) | (Mg/L)
1 Kangalakunta 7.9 2028.4 1420 197 24 207 7.2 584 127 254 121 34.6 590.9
2 Kanchikunta 7.9 2070.4 1449 216 20 231 10.3 610 1.06 235 112 22.2 622
3 Ramagiri 7.8 2210.5 1547 184 88 192 5.6 564 0.93 198 311 14.4 820.8
4 R. Kothapalli 8 1884.5 1319 136 64 184 422 1.96 189 271 452 602.4
5 Nasanakota 7.7 | 1979.7 1386 175 54 196 541 1.62 252 93 65.2 658.9
6 Muthyalanpalli 7.9 1540 1078 127 48 138 3 428 1.82 175 129 28.2 514.3
7 Venkatapuram 7.6 | 1849.3 1294 148 32 188 14 548 0.98 185 157 225 501.2
8 K G Kunta 8 17474 1223 165 66 102 10 540 171 213 87 385 683.1
9 Madapuram 8.2 | 15735 1101 129 76 104 8 427 1.98 238 89 28.5 634.1
10 Muthavakuntla 1644.2 1151 123 79 106 10 549 1.76 148 116 21.2 631.4
11 Thallimadugula 1472.7 1031 118 43 112 1 488 1.98 142 98.9 27 471.3
12 Balepalem 1788.9 1252 185 63 92 11 549 2.02 213 87 51.2 720.8
13 Konapuram 7.9 1861.3 1303 131 99 108 12 549 1.92 266 107 29 733.4
14 Kanaganapalli 7.9 1965.4 1376 166 97 102 7 671 1.78 190 107 34 812.7
15 Elakuntla 7.6 1799.8 1260 152 105 116 16.6 549 1.43 162 73.8 84 810.5
16 Nemalivaram 1.7 2032.5 1423 151 112 127 11 610 1.57 240 89 65.2 836.7
17 Bhadhalapuram 7.62 3094 2103 218 135 264 12.3 748 1.38 380 262 82.8 1099
18 Narasampalli 7.8 1773.7 1242 124 91 122 4 598 1.48 167 102 321 683.1
19 Somaravandlapalli 7.8 2250.9 1576 175 108 192 6 648 1.82 243 164 85.8 880.3
20 Gudivandlapalli 7.8 | 21953 1537 193 88 132 4 732 151 213 128 45.2 843.3
21 Thagarakunta 2044.5 1431 184 78 129 5 650 1.62 218 127 38.5 779.8
22 Gunthapalli 1624.5 1137 128 76 142 4 419 1.62 239 79 48.5 631.6
23 Patapalyam 2108.1 1476 158 82 197 8 629 1.74 208 126 65.9 731.2
24 Pullaiahkunta 7.6 1565.6 1096 124 57 138 2 428 0.72 213 98 35.2 543.7
25 Bhoginepalli 7.8 1516.1 1061 117 74 97 4 488 1.48 180 80 19.8 595.9
26 Palacherla 8.2 2595 1817 195 125 258 12 629 2.02 312 185 98.5 1000
27 Thopudurthi 8.3 3141 2096 212 142 311 9 784 1.96 328 214 94.2 1112
28 Upparapalle 7.7 | 2053.9 1438 185 101 94 640 1.56 228 134 50.2 876.6
29 Chinnakunta 1528.8 1070 132 65 112 10 478 2.14 146 73 52.2 596.5
30 Akuthotapalli 3102 2115 221 115 302 11 736 1.88 338 296 934 1024
31 Gangulakunta 8.1 21134 1479 174 67 191 7 529 2,01 242 192 75.4 709.7
32 Kandukur 7.86 | 2909.6 2037 227 104 328 9.6 718 1.78 318 240 90.7 993.9
33 Itikalapalli 8.1 3129 2116 268 96 310 8.8 740 19 322 311 58.2 1064
34 | Krishnama reddy palli | 7.7 1960.5 1372 198 70 134 10.4 589 1.44 186 145 38.5 782
35 Jangalapalle 8.2 | 1639.6 1148 163 69 103 10 448 2.93 203 87 62.5 690.4
36 Ramanepalli 8.1 2087.6 1461 159 127 126 5 549 1.73 249 106 98.6 918.2
37 Gondireddipalli 79 1494.3 1046 132 65 108 9 428 1.78 193 72 37.2 596.5
38 yerragunta 7.6 1704.3 1193 154 32 174 9 524 154 172 88 385 516.2
39 Bandameedapalle 74 1573.9 1102 112 85 122 6 419 1.75 182 96 78.5 628.5
40 Varimadugu 79 | 15625 1094 139 39 128 3 469 1.78 175 107 75.2 507.4
41 Gandlaparthy 75 | 18864 1321 163 77 118 10 489 1.01 155 250 58.2 7232
42 Pullalarevu 7.4 1857.9 1301 193 70 138 8 589 1.05 186 68.2 68.5 769.5
43 Bommeparthy 7.8 2000.6 1400 185 59 202 12 529 144 258 102 72.5 704.4
44 Linganapalli 1.7 2308.6 1616 197 67 216 10 649 1.75 248 162 85.8 767.2
45 Rapthadu 8.09 2761 1822 196 110 244 9.3 632 1.89 320 206 59.1 941
46 Anantapur tank 7.8 3064 2104 218 129 268 12 672 1.79 287 284 103 1074
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Table 4. Physico-chemical analysis of groundwater sample for post-monsoon season

S. i EC DS Ca** Mg?* Na* K* HCOs F cr SO#& NOs" TH
No | Samplelocations | pH | o | o) | oy | Moy | Moy | Mo | Mo | Mo | Moy | Mgy | Mgy | vigiy
1 Kangalakunta | 7.62 | 18406 | 1164.4 | 168 47 192 37 524 1.45 185 121 469 | 6106
2 Kanchikunta 748 | 23801 | 16661 | 229 78 262 9.1 502 1.03 282 | 1868 | 761 | 892.0
3 Ramagiri 807 | 27600 | 19320 | 194 95 203 9.4 672 2.72 222 | 2125 | 954 | 8744
4 R. Kothapalli 811 | 21804 | 15326 | 185 78 227 5.6 576 2.11 242 | 1846 | 524 | 7824
5 Nasanakota 761 | 23015 | 14831 | 197 86 186 6.6 648 1.93 262 155 702 | 8466
6 Muthyalanpalli | 7.59 | 17358 | 12151 | 153 75 188 3.2 440 1.06 212 162 309 | 6895
7 Venkatapuram | 7.34 | 1962.3 | 13736 | 196 69 207 7 489 0.78 244 187 289 | 7757
8 K G Kunta 701 | 20451 | 14315 | 185 67 167 12 624 1.67 206 122 471 | 7361
9 Madapuram 755 | 18465 | 12025 | 157 57 181 14 496 1.46 244 108 336 | 627.9
10 | Muthavakuntla | 7.32 | 17213 | 12049 | 149 62 184 10.8 448 1.45 104 162 508 | 626.3
11 | Thallimadugula | 7.48 | 16251 | 1137.6 | 127 76 126 15 498 134 184 106 28 628.6
12 Balepalem 82 | 19271 | 13400 | 198 73 128 12 529 3.12 242 118 457 | 7945
13 Konapuram 7.00 | 23346 | 16342 | 169 125 186 12.8 660 1.89 324 148 513 | 935.7
14 Kanaganapalli | 7.83 | 18736 | 13115 | 103 55 204 8.3 528 1.82 220 127 469 | 7008
15 Elakuntla 700 | 10088 | 13452 | 159 78 194 13.4 596 2.02 188 | 1044 | 942 | 7173
16 Nemalivaram 7.77 | 31800 | 22330 | 198 96 264 9.3 724 2.14 254 216 891 | 890.0
17 | Bhadhalapuram | 7.62 | 23550 | 17285 | 168 105 184 8.3 748 0.88 240 142 628 | 849.3
18 Narasampalli 749 | 31060 | 21745 | 167 59 227 122 756 1.42 200 98.2 512 | 660.9
19 | Somaravandlapalli | 7.83 | 24490 | 17863 | 202 89 232 107 648 1.76 288 186 766 | 870.6
20 | Gudivandlapalli | 7.37 | 27480 | 19236 | 277 55 287 7.9 818 1.01 242 157 779 | 9205
21 Thagarakunta | 7.52 | 23121 | 16184 | 187 89 227 6.8 640 1.24 278 174 483 | 8322
22 Gunthapalli 765 | 10535 | 1367.4 | 173 75 189 6.1 512 1.44 252 106 529 | 739.7
23 Patapalyam 705 | 21807 | 16028 | 189 78 242 7.8 620 1.18 306 122 675 | 790.3
24 Pullaiahkunta | 7.59 | 18951 | 13266 | 162 67 161 41 514 1.67 246 127 438 | 6798
25 Bhoginepalli 704 | 17388 | 11152 | 146 43 188 6 480 16 218 108 268 | 5404
26 Palacherla 801 | 20782 | 14088 | 178 87 199 9.6 486 2.24 262 104 461 | 8045
27 Thopudurthi 821 | 31266 | 21886 | 202 128 282 8.8 728 2.03 268 286 938 | 10303
28 Upparapalle 83 | 20616 | 14431 | 177 66 196.5 71 544 2.42 278 144 557 | 7138
29 Chinnakunta 783 | 28487 | 19940 | 224 125 268 117 742 2.43 296 240 854 | 10708
30 Akuthotapalli 779 | 17921 | 12545 | 141 65 152 1 536 1.68 188 9% 634 | 620.1
31 Gangulakunta | 811 | 22717 | 14212 | 225 82 238 116 546 311 254 218 737 | 8980
32 Kandukur 786 | 20796 | 14157 | 167 74 198 8.6 588 1.78 248 90 807 | 719.7
33 Itikalapalli 812 | 20539 | 1307.7 | 198 66 214 6.8 580 1.9 222 131 782 | 7653
34 K"Sh”;gl? reddy | 76 | 22121 | 15085 | 203 68 247 7.7 552 157 226 196 871 | 78656
35 Jangalapalle 760 | 31440 | 21080 | 219 131 260 107 792 1.56 356 248 9.1 | 10846
36 Ramanepalli 779 | 20151 | 14105 | 199 70 2145 7.7 588 153 240 143 468 | 7832
37 | Gondireddipalli | 7.86 | 3067.0 | 19936 | 255 132 328 9.7 748 1.87 345 220 62 | 11787
38 yerragunta 7.86 | 23330 | 16340 | 196 84 248 6.1 658 1.8 242 162 854 | 834.4
39 | Bandameedapalle | 7.69 | 32540 | 22788 | 119 131 190 107 712 1.56 226 148 9.1 | 8346
40 Varimadugu 745 | 18263 | 12184 | 178 39 102 6.1 516 1.48 108 138 856 | 605.1
41 Gandlaparthy 749 | 10374 | 13562 | 180 80 217.2 9.8 425 091 201 208 954 | 799.3
42 Pullalarevu 765 | 18749 | 13124 | 194 55 158 7.8 580 1.73 212 86 1054 | 7121
43 Bommeparthy | 7.82 | 30250 | 21180 | 187 103 222 9.4 690 1.79 246 | 1288 | 979 | 8885
44 Linganapalli 783 | 16478 | 11535 | 107 66 151 8.8 496 2.76 184 82 984 | 5395
45 Rapthadu 749 | 22752 | 14666 | 156 90 214 73 628 0.89 232 126 | 1025 | 7571
46 | Anantapurtank | 7.83 | 31186 | 21830 | 245 122 348 102 724 1.79 368 246 | 1185 | 11107
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Table 5. Classification based on physicochemical parameters considering WHO (2011) limiting values.

Parameter Range Class No. of Samples (PRM) % No. of Samples (POM) %
<6.5 Not potable - - - -
pH 6.5-8.5 Potable 46 100 46 100
>8.5 Not potable - - - -
<250 Excellent - - - -
250-750 Good - - - -
EC 750-2250 Moderate 37 80 26 57
2250-4000 Bad 9 20 20 43
>4000 Very bad - - - -
0-1000 Fresh water - - - -
DS 1000-10000 Brackish water 46 100 46 100
10000-100000 Saline water - - - -
>100000 Brine water - - - -
<75 Acceptable - - - -
Ca?* 75 -200 Allowable 38 85 36 78
>200 Not potable 8 15 10 22
<30 Acceptable 4 - -
Mg?* 30-150 Allowable 44 96 46 100
>150 Not potable - - - -
<50 Acceptable - - - -
Na* 50 -200 Allowable 34 74 22 48
>200 Not potable 12 26 24 52
<10 Acceptable 32 74 32 69
K* 10-Dec Allowable 11 20 10 22
>12 Not potable 3 6 4 9
<250 Acceptable 34 74 30 65
Cr 250 - 300 Allowable 5 11 11 24
>300 Not potable 7 15 5 11
<200 Acceptable 36 78 37 80
SO4* 200 - 400 Allowable 10 22 9 20
>400 Not potable - - - -
<75 Safe - - - -
TH 75 - 150 Moderate safe - - - -
150- 300 Hard - - - -
> 300 Very hard 46 100 46 100
<0.5 Dental caries - - - -
0.6-1.5 Reqmlﬁii::;el for 15 33 17 37
F 1.6-2 Dental fluorosis 26 56 20 43
213 Dental and s}(eletal 5 1 7 16
fluorosis
-3 leads to skefletal ) ) 5 4
fluorosis
<45 Low risk 6 13 4 8
NOs 45-100 High risk 37 80 39 85
> 100 Very high risk 3 7 3 7

Fluoride and Nitrate hotspots

Fluoride concentrations in the investigation region ranges from
0.72 mg/L and 0.8 mg/L to 2.93 mg/L and 3.1 mg/L during the
PRM and POM season. Based on the WHO (2011)
recommended limit of fluoride levels is 0.6 to 1.5 mg/L for
human consumption. Levels below 0.6 mg/L may lead to dental
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caries, while levels exceeding 1.2 mg/L can result in fluorosis,
which promotes proper bone growth and prevents tooth decay.
In the pre-and post-monsoon seasons, 33% and 37% of
groundwater samples were below the allowed limits (0.6 to 1.5
mg/L), while 56% and 43% were above the suggested limit of
1.5 mg/L, potentially causing dental fluorosis. Additionally,
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11% and 16% of samples had concentrations between 2.1 to 3
mg/L, posing dental and skeletal fluorosis risks in both seasons.
Furthermore, 4% of samples had concentrations exceeding 3
mg/L, which could lead to skeletal fluorosis, particularly
during the POM season (Table 5, Figure 2).

Nitrate contamination in groundwater stems from various
sources and origins. Human activities, such as home sewage
leaks, poultry waste dumping, the application of animal
manure, and nitrate displacement from garbage, municipal use,
and commercial trash, are chiefly responsible for elevated
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nitrate levels in groundwater (Singh et al., 2022). Nitrate can
enter groundwater through two pathways: geogenic and
human-caused processes. During the pre-monsoon season,
nitrate levels ranged from 14.4 to 103 mg/L, with an average
of 55.50 mg/L, while during the post-monsoon season, it
ranged from 26.8 to 119 mg/L, with an average of 68.20 mg/L.
In the pre- and post-monsoon seasons, 13% and 8% of
groundwater samples are inside the acceptable nitrate limit,
80% and 85% of samples belong to the danger zone, while the
remaining 7% and 7% of samples fell in the extremely high-
risk zone, as shown in Table 5 and Figure 3.
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Total hardness (TH) of water is influenced by the presence of
dissolved cations, predominantly calcium (Ca?")
magnesium (Mg?*) ions, as well as certain anions that cause
either temporary or permanent hardness (Sawyer and
McCarthy, 1967). Carbonates and bicarbonates produce
temporary hardness that can be removed by boiling, while
sulphate and chloride ions lead to permanent hardness.
According to WHO standards, the maximum acceptable limit
for total hardness in drinking water is 500 mg/L. In the PRM
season, TH ranged from 214 mg/L to 658 mg/L (Table 3).
During the POM season, it varied between 241 mg/L to 681
mg/L (Table 4). Based on these measurements, 57% and 61%
of samples exceeded the recommended limit during the PRM
and POM seasons, respectively (Table 5), indicating the
prevalence of hard water in the region. Excessive hardness in
water can lead to issues such as scaling in pipelines, reduced
efficiency in soap usage, and potential health concerns when
ingested over prolonged periods.

and

Correlation analysis

Correlation analysis helped in understanding the strength and
direction of relationships between various groundwater quality
parameters and their combined influence on the hadrochemical
characteristics of the study area. Pearson correlation
coefficients for both PRM and POM seasons are presented in
Table 6 and Table 7, respectively.

EC shows a very strong positive correlation with TDS in both
PRM (r = 0.998) and POM (r = 0.988) seasons, indicating a
common source and mutual dependence. This suggests that an
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increase in ion concentration (as reflected in TDS), directly
increases the EC of groundwater. EC also shows significant
positive correlations with other major ions such as Na*, CI,
and HCOs™ in both seasons, implying their likely origin from
the same lithological sources, mainly due to water-rock
interactions (Wagh et al., 2020). TH shows strong positive
correlations with Mg?* (r = 0.871), HCOs™ (r = 0.814), and CI~
(r=0.771) during the PRM season, and with Mg?* (r = 0.835),
CI" (r =0.809), and SO+ (r = 0.784) during the POM season.
These results suggest that Mg**, Cl-, and SO+* are the key
contributors to water hardness, particularly in the post-
monsoon period. Calcium (Ca?") exhibits moderate to strong
positive correlations with Mg (r=0.331 in PRM; r=0.262 in
POM), Na* (r = 0.749 in PRM; r = 0.750 in POM), and HCOs~
(r = 0.802 in PRM; r = 0.503 in POM), indicating that these
ions likely originate from the dissolution of carbonate and
silicate minerals within the host rocks. Interestingly, Ca*" also
shows a weak negative correlation with fluoride (F~) during the
PRM season (r = -0.033), suggesting potential geochemical
competition or different geochemical behaviour in fluoride
mobilization. Magnesium (Mg?*) shows significant positive
correlations with NOs™ (r = 0.594 in PRM; r = 0.389 in POM),
HCO;™ (r=0.568 in PRM; r=0.632 in POM), and F~ (r=0.225
in PRM; r = 0.147 in POM), highlighting possible
anthropogenic contributions and its role in groundwater
buffering. These correlations emphasize that groundwater
chemistry in the region is primarily controlled by natural
geogenic processes with minor anthropogenic influences,
especially during the post-monsoon season.

Table 6. Pearson correlation matrix of groundwater parameters for PRM season.

pH EC TDS TH Ca2+ Mg2+ Na+ K+  HCO3- F- Cl- S042- NO3-
pH 1.000
EC 0.197 1.000
TDS 0.184  0.998 1.000
TH 0.182 0.898 0.899 1.000
Ca2+ 0.114 0.849 0.856 0.752 1.000
Mg2+ 0.176 0.652 0.648 0.871 0.331 1.000
Na+ 0.183 0.876 0.876 0.622 0.749 0.332 1.000
K+ -0.067 0.343 0.347 0.345 0.366 0.220 0.299 1.000
HCO3- 0.089 0.849 0.854 0814 0.802 0.568 0.639 0.277 1.000
F- 0.672 0.066 0.057 0.140 0.033 0.225 0.002 0.053 -0.035 1.000
Cl- 0.300 0.861 0.856 0.771 0.710 0.574 0.784 0302 0.645 0.145 1.000
S042- 0.117 0.778 0.778 0619 0611 0430 0.728 0.163 0502 0.032 0.549 1.000
NO3- 0.039 0590 0.597 0.645 0.442 0594 0512 0306 0.401 0.289 0.547 0.312 1.000
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Table 7. Pearson correlation matrix of groundwater parameters for POM season.

pH EC TDS TH Ca* Mg®* Na* K* HCOy F  CI  SOZ NOy
pH 1.000
EC 0123  1.000
TDS 0096 0988 1.000
TH 0203 0785 0765 1.000
Ca® 0071 048 0459 0.749 1.000
Mg 0236 0740 0733 0835 0262 1.000
Na* 0050 0735 0709 0772 0750 0.503 1.000
K* 0232 0353 0360 0308 0.55 0318 0.165 1.000
HCOy 0072 0878 0877 0721 0503 0.632 0.618 0.308 1.000
F 0772 0094 0064 0138 0063 0147 0013 0311 0027 1.000
Cl 0117 0568 0556 0.809 0602 0679 0621 0228 0524 0083 1.000
SO 0183 0598 0575 0784 0609 0637 0751 0146 0382 0.137 0581 1.000
NOy 0100 0497 0484 0420 0270 0389 0463 0265 0457 0.182 0176 0303 1.000

Water Quality index (WQI)

The WQI values are categorized as follows: if the WQI is less
than 50, the groundwater is considered excellent; between 50.1
and 100, good quality water; from 100.1 to 200, itis classified
as poor; between 200.1 and 300, very poor; and if the values
exceed 300, the water is deemed unfit for drinking. This
information is summarised in Table 8. Based on the WQI
classification, 9 groundwater samples are of good quality,
while 37 samples are of poor quality, indicating that 19% of the
study area has good-quality water, and 81% suffers from poor-
quality water. In the post-monsoon season, 12 groundwater
samples show good quality, whereas 34 samples demonstrate
poor quality. This reveals that 26% of the study area has good-
quality water, and 74% experiences poor-quality water. The
elevated WQI values may be linked to higher levels of Total
Dissolved Solids (TDS), Electrical Conductivity (EC), and
Total Hardness (TH), suggesting that the groundwater is
unsuitable for drinking purposes.

The IDW interpolation method was employed using ArcGIS
software to create a spatial distribution map based on the WQI
values of each sample. This study strongly advocates for using
GIS to assess water quality and explore regional variations. The
spatial distribution maps of the WQI in the research area, as
depicted in Figure 4, provide valuable information to the public
regarding water quality in specific areas and serve as a tool to
raise awareness among local residents about the importance of
safeguarding water quality in the region. A comprehensive
classification of WQI for both the pre- and post-monsoon
seasons is presented in Table 8, with higher WQI values
observed in the post-monsoon season compared to the pre-
monsoon season.

Irrigation Water Quality

To assess the suitability of groundwater quality for irrigation,
several fundamental ratios such as SAR, RSC, Na%, MAR,
SSP, KR, and PI were used for the interpretation.

330

Sodium Adsorption Ratio (SAR)

The Sodium Adsorption Ratio (SAR) is a measure that
evaluates the relative and absolute concentration of sodium
ions in comparison to calcium and magnesium ions. SAR
values are directly correlated with the soil’s sodium absorption
capacity (Ahmed et al., 2020). During the pre-monsoon season,
SAR values range from 1.38 to 4.53 meq/L (Table 9). In the
post-monsoon season, 1.97 to 4.55 (Table 9). Based on
Richards (1954) classification, all groundwater samples in this
study area (100%) fall into the "excellent" category for
irrigation during both seasons Table 10).

Residual sodium carbonate (RSC)

The RSC content in water reflects a notably high concentration
of bicarbonate ions (HCOs") relative to other negative ions, as
observed in Table 9. Consequently, carbonate ions (HCOs™ and
COs*) influence water quality by precipitating alkaline earth
ions (Ca** and Mg*") in areas where water concentration is
higher. During the pre-monsoon (PRM) season, RSC values
ranged from -10.50 meq/L to 2.91 meq/L (Table 9). In the post-
monsoon (POM) season, it ranged from -11.38 meq/L to 3.20
meq/L (Table 9). According to Eaton (1950) classification,
96% and 94% of samples are classified as appropriate for
farming, 2% and 2% are dubious, and 2% and 4% are
unsuitable for irrigation in the PRM and POM seasons,
respectively (Table 10).

Percent sodium (%6Na)

Soil permeability is lowered when sodium replaces calcium.
The %Na is significant for classifying irrigation water. Wilcox
(1955) percentage Na values are used to classify the purity of
water used for farming. Sodium mixes with carbonates and
chlorides to form alkaline and saline soils. Plants develop
poorly in alkaline or salty soils. A sodium level of 60% is
allowed in groundwater for purposes of agriculture (Mukherjee
et al., 2022). In the PRM, the %Na levels fluctuated between
19.29 meq/Land 46.67 meq/L (Table 9) and in POM, between
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27.00 and 4355 (Table 9). As per Wilcox (1955)
categorization, 87% and 80% of samples are good, while 13%
and 20% are permitted for irrigation during both seasons (Table
10).

Sodium Soluble Percentage (SSP)

The Sodium Soluble Percentage (SSP) ratio, proposed by
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Richards (1954), helps assess sodium-related hazards by
comparing the concentration of sodium ions to total cations.
During the PRM season, SSP values ranged from 18.82% to
45.48% at Thopudurthi and Kanchikunta (Table 9). In the POM
season, SSP values ranged from 25.59% to 42.75% in
Balepalem and Pullaiahkunta (Table 9).

Table 8. Classification of water quality types based on WQI (Karunanidhi et al., 2021)

WQI range Water quality status % of water samples (PRM) % of water samples (POM)
<50 Excellent - -
50.1-100 Good 19 (9 samples) 22 (10 Samples)
100.1-200 Poor 81 (37 samples) 74 (34 samples)
200.1-300 very poor - 4(2 samples)
>300 Unsuitable for drinking - -
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Figure 4. Spatial distribution map of Water quality index (WQI) in the study area during pre-monsoon and post-monsoon.

Table 9. Groundwater quality parameters for irrigation purposes for the pre-monsoon (PRM) and post-monsoon (POM) seasons.

Parameters — - PRM — - POM
Minimum | Maximum | Average | Std.Dev | Minimum | Maximum | Average Std.Dev

SAR (meg/L) 1.38 4.53 2.66 0.88 1.97 4.55 3.3 0.53
RSC (meg/L) -10.5 291 -4.9 2.9 -11.38 3.2 -5.6 2.99
%Na (meq/L) 19.29 46.67 32.86 6.98 27 43.55 37.44 341
SSP (meg/L) 18.82 45.48 31.91 7.02 25.59 42.75 36.56 3.46
MAR (meg/L) 12.77 56.82 42.92 9.74 39.66 57.97 49.52 3.55
KR (meq/L) 0.23 0.85 0.49 0.16 0.35 0.76 0.59 0.08

Pl (meq/L) 33.85 61.44 46.43 6.68 24.76 64.56 41.61 7.37
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Table 10. Classification of groundwater based on irrigational water quality parameters during pre-monsoon (PRM) and post-monsoon

(POM) seasons
Parameter Water quality Ranges O/g;r;glr gsu?gévl\a/ltf r % of grou?ggﬁf rsamples
Excellent 0-10 100% 100%
SAR (Richards, Good 10-18 Nil Nil
1954) Doubtful 18-26 Nil Nil
Unsuitable > 26 Nil Nil
Good <1.25 96% 96%
RSC (Eaton,1950) Doubtful 1.25-2.50 2% 2%
Unsuitable >2.50 2% 2%
Excellent <20 Nil Nil
. Good 20-40 87% 87%
%Na (Wilcox, 1955) 1= issible 40-60 13% 13%
Doubtful 60-80 Nil Nil
SSP (Richards, Good <50 100% 100%
1954) Unsuitable > 50 Nil Nil
MAR (Szabolcs, Suitable <50 74% 74%
1964) Unsuitable > 50 26% 26%
Suitable <1 100% 100%
KR (Kelley, 1940) Unsuitable >1 Nil Nil
unsuitable < 25 Class-III Nil Nil
Pl (Doneen, 1964) Good 25 — 75 class-IT 100% 100%
Excellent >75 class- T Nil Nil

Based on Richards (1954) assessment, 100% of groundwater
samples in both seasons fall within the "superior" range for
farming suitability (Table 10).

Wilcox Diagram

Wilcox (1955) developed a diagram to determine the suitability
of groundwater for irrigation by combining electrical
conductivity (EC) and sodium percentage (%Na). This model
divides the diagram into five distinct zones: excellent to good,
good to permissible, permissible to doubtful, doubtful to
unsuitable, and unsuitable, with increasing salinity and sodium
content posing potential threats to agriculture. According to
this categorization, 56% and 37% of groundwater samples fall
within the good to permissible zone, while 33% and 46% are
categorized as doubtful to unsuitable, and 11% and 17% are
classified as unsuitable for irrigation during the PRM and POM
seasons, respectively (Figure 5). These results highlight
variations in the suitability of groundwater resources for
agricultural use between the pre- and post-monsoon seasons.

USSL Diagram
The interpretations of the USSL (1954) for rating irrigation
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water are shown in Figure 6, where Sodium Adsorption Ratio
(SAR) data is plotted against specific conductance (EC). In the
pre-monsoon (PRM) season, the majority of samples (78%, 36
samples) fall within the C3S1 category, indicating moderate
salinity and low sodium hazard. A smaller proportion (9%, 4
samples) falls within the C4S1 category, which represents high
salinity and low sodium hazard, while 13% (6 samples) belong
to the C4S2 category, indicating high salinity and moderate
sodium hazard, according to the USSL (1954) classification.

In the post-monsoon (POM) season, the distribution shifts
slightly: 58% (27 samples) are categorized as C3S1, 20% (9
samples) fall in the C4S1 category, and 22% (10 samples) are
in the C4S2 category. These findings suggest that high saline
and alkali levels in some areas may reduce the suitability of
groundwater for agricultural use, especially in locations with
poor drainage. Overall, the groundwater chemistry in the study
area reflects moderate water quality, which is significantly
influenced by the underlying host rock. This influence is
evident in both the water type and chemical composition, with
implications for its use in agriculture and human activities.
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Figure 5. Wilcox diagram of the study area (Pre Monsoon and Post Monsoon)
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Magnesium Absorption Ratio (MAR)

Magnesium concentration is a critical factor in evaluating the
suitability of water for irrigation. The balance between calcium
and magnesium in water is important, and increasing
magnesium levels can harm crop yields, especially in saline
soils (Szabolcs, 1964; Zhang et al., 2020). In the pre-monsoon
(PRM) season, the MAR values ranged from 12.77 meq/L to
56.82 meq/L (Table 9). In the post-monsoon (POM) season,
MAR values ranged from 39.66 meq/L to 57.97 meq/L (Table
9). Based on Szabolcs (1964) classification, 74% and 92% of
the samples fall under the "suitable" category for irrigation,
while 26% and 8% are categorized as "unsuitable" during the
two seasons, respectively (Table 10).

Kelley’s ratio (KR)

The Kelley Ratio (KR), introduced by Kelley (1940) evaluates
the sodium concentration in water relative to calcium (Ca*")
and magnesium (Mg?"). A KR value exceeding 1 indicates high
sodium levels, rendering the water unsuitable for irrigation. For
acceptable irrigation standards, the KR value should be less
than 1. In the pre-monsoon season, KR values ranged from 0.23
meq/L to 0.85 meq/L, while in post monsoon season KR values
ranged from 0.35 meq/L to 0.6 meg/L (Table 9). According to
this classification, all groundwater samples (100%) are
categorized as "suitable" for irrigation during both the seasons
(Table 10).

Permeability Index (PI)

The permeability of soil is an important factor for assessing the
suitability of water for irrigation. The permeability index (PI)
helps classify water into three categories: Class I and Class 11
waters are suitable for irrigation with high permeability (above
75%), while Class III waters are less suitable with lower
permeability (below 25%) (Doneen, 1964). In the pre-monsoon
season, PI ranged from 33.85 meq/L to 61.44 meq/L (Table 9)
and in the post-monsoon season, 24.76 meq/L to 64.56 meq/L
(Table 9). According to Doneen (1964) classification, all
groundwater samples (100%) fall under the "good" category
for irrigation during both seasons (Table 10).

Hydrogeochemical facies Trilinear

Interpretation

-Piper Diagram

Piper's classification, introduced in 1944 and refined in 1953,
is a widely used method for characterizing the chemical
composition of groundwater (Piper1944, 1953). It utilizes a
trilinear diagram to classify ion dominance and provides a
more accurate assessment of groundwater chemistry compared
to other methods. The diagram consists of a central diamond-
shaped field with six distinct subfields that represent different
ion pairings viz.,
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(i) Ca?*- HCOy

(ii) Na'-CI

(iii) Mixed Ca?*-Na'-HCO5
(iv) Mixed Ca*-Mg**-CI
(v) Ca*-Cl

(vi) Na*-HCO5

Based on the results from this study (Figure.7a, b) the majority
of groundwater samples from both the pre-monsoon (PRM)
and post-monsoon (POM) seasons fall into the Ca?*-HCO;™ and
Ca?*-Mg*-ClI facies. These findings suggest that groundwater
chemistry is predominantly influenced by ion exchange
processes and the weathering of silicate rocks, particularly
granite gneisses. The water chemistry typically results from the
interaction between rainwater or groundwater and carbonate
rocks.

The presence of high concentrations of Ca®" contributes to
water hardness, which, while not a health hazard, can reduce
palatability. Elevated HCOs™ levels increase water alkalinity,
thereby enhancing its capacity to neutralize acids, which can
impact the pH of the water. Furthermore, high alkalinity can
affect the effectiveness of chlorine disinfection and lead to the
precipitation of calcium carbonate in soils. This can reduce soil
permeability and aeration, ultimately affecting plant growth by
altering nutrient availability and increasing soil pH. High
()] the
groundwater, which can impair water palatability and, if

chloride concentrations elevate salinity of
excessive, pose health risks for individuals with hypertension
or kidney issues. Additionally, high salinity can inhibit plant
growth, reduce crop yields, and be toxic to sensitive plant
species. Elevated levels of calcium and magnesium can also
alter soil structure, contributing to soil salinization, which

makes the land unsuitable for agriculture.

The study suggests that high-salinity water, basically from
surface contaminated sources such as irrigation return flow,
domestic wastewater, and septic tank effluents, do mix with
existing groundwater, which modifies the water chemistry,
further influencing the observed facies in the Piper diagram.
Understanding  these  interactions  between  surface
contamination and groundwater is crucial for gaining insights
into the regional hydrogeochemical profile (Ayyandurai and

Venkateswaran, 2022).

Gibbs Diagram

In 1970, Gibbs introduced a diagram to explore the factors
influencing the chemical composition of water, emphasizing
the interaction between geological formations and water
chemistry.
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The Gibbs plot serves as a tool for identifying the primary
mechanisms affecting groundwater composition, such as
evaporation, precipitation, and rock-water interaction. Based
on the analysis of the Gibbs diagram for both cations and
anions, the results show that 100% of the water samples fall
under the rock dominance category during both the pre-
monsoon and post-monsoon seasons (Figure 8a,b). This
indicates that the chemical composition of groundwater is
primarily influenced by the weathering of rocks, such as

Piper Diagram (Pre-Monsoon)

Ravi Kumar Pappaka et al.,

silicate minerals, rather than by processes like evaporation or
precipitation. The dominance of hornblende biotite gneiss rock
during water interaction in this study, highlights the significant
role of geological formations in shaping the groundwater’s
chemical profile, a pattern that remains consistent across both
This finding the of
understanding the geological context in hydrogeochemical
studies, as the interaction between water and rock formations
plays a key role in determining water quality in the region.

seasons. reinforces importance

(1) CaHCOs
2) NaCl

(3) Mixed Ca-Na-HCO3
(4) Mixed Ca-Mg-Cl
(5) CaCl

(6) Na-HCO3

Figure 7a. Piper plot displaying water type in the investigation region during pre-monsoon (PRM) period.

Piper Diagram (Post-Monsoon)
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3) Mixed Ca-Na-HCO3
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Figure 7b. Piper plot displaying water type in the investigation region during post-monsoon (POM) periods
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CONCLUSIONS

This study assess the quality of groundwater for drinking and
agricultural purposes in the semi-arid regions of Andhra
Pradesh, India, based on samples collected during the Pre
Monsoon (PRM) and Post Monsoon (POM) seasons of 2023.
Geochemical analyses revealed that the predominant cation
and anion composition of the groundwater samples was Na*,
Ca?*, and Mg?*, along with HCOg', CI, and SO,%. Despite the
samples remaining within the potable pH limits, 87% and 92%
of the samples during the PRM and POM seasons, respectively,
exceeded the desirable nitrate levels, and fluoride
concentrations exceeded the permissible limit in 67% and 59%
of samples, mainly due to agricultural and geogenic sources.
The WQI indicated that only a small proportion of samples
were safe for drinking, with the remaining samples deemed
unsafe due to contamination from sewage, agricultural runoff,
and poor groundwater management. The elevated WQI values
in the POM season, compared to the PRM season, reflected
deterioration in water quality over time, driven by rising TDS,
EC, and TH. Piper’s diagram showed the predominance of
Ca?*-HCO; and Ca®*-Mg*-Cl- facies, highlighting the
influence of high-salinity water due to surface contamination
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and interaction with silicate rocks, such as granite gneisses.
Gibbs diagram analysis confirmed that groundwater chemistry
is largely influenced by the weathering of geological
formations. According to the US Salinity Laboratory and
Wilcox’s classification, most samples were suitable for
irrigation purposes.

GIS-based spatial analysis also confirmed the partial suitability
of groundwater for domestic use, with significant variations in
quality across the study area. Groundwater quality issues
persisted despite high rainfall during the NE monsoon season,
suggesting that improper groundwater management and
inadequate artificial recharge are key factors. The predominant
lithology, particularly granitic rocks, contributes to high
concentrations of calcium and magnesium, while basaltic
formations may influence other ion concentrations. These
variations in rock types play a critical role in groundwater
quality concerns. To improve water quality and ensure
sustainability, effective management strategies such as
constructing artificial recharge structures, implementing
rainwater harvesting systems, and improving groundwater
management practices are essential, especially tailored to the
region’s lithological conditions.
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