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ABSTRACT

The present study focuses on the assessment of seasonal variation in groundwater quality
of in and around industrial area of Vellore City. The samples were collected seasonally and are
categorized as premonsoon, monsoon and post-monsoon during April 2022 and March 2023.
Eighteen physicochemical parameters were assessed for forty eight different samples collected
along the region of in and around industrial area of Vellore City at two different Monsoon periods.
The analysis of the water quality parameters, including pH, EC, TDS, Ca*, Mg*, Na*, K+, CI, HCO,;,
CO,?, SO,?, and heavy metals, was done in accordance with BIS and WHO standards. The results of
these surveys were used to pinpoint the geochemical processes taking place in this area. According
to the analytical findings, there were significant variations in the water quality inclinations between
samples and locations. Water management and treatment policy decisions can be made with the
support of water quality analysis which can also help to identify potential health issues.
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INTRODUCTION

Different processes, including organic
matter degradation, rock-water interactions, aerobic
respiration, iron reduction, mineral dissolution,
weathering, industrial discharge effluents, and
mixing of fresh and salt water, have been connected
to variations in groundwater quality indicators.
In many places of the world, water shortage has
resulted from rising water demand over time. India
is currently on the verge of a groundwater disaster,

primarily as a result of poor management of water
resources and environmental damage. On the
quality of the groundwater and water contamination
in Tamil Nadu, there is scant study'S. The lakes
provide the majority (80%) of Chennai's drinking
water. Pumping stations used to draw drinking water
from wells near river basins supply around 25% of
the world's population. The purpose of the current
study is to look into the hydro-chemical changes,
repercussions, and appropriateness of groundwater
from March 2022 to April 2023.
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MATERIALS AND METHODS

48 samples of groundwater (bore well) were
taken over the course of a year close to an industrial
sector. All reagents and solutions were made using
AR grade chemicals and double distilled water. At the
sampling site itself, measurements of temperature,
pH, electrical conductivity, and TDS concentrations
were made. The usual methods have been used
to measure total hardness, chloride, calcium,
magnesium, alkalinity, sulphate, and bicarbonate*®.
Flame photometers have been used to measure
sodium and potassium. WQI [7&8] and correlation
analysis have also been used to assess the quality
of groundwater for potable uses and the interplay of
chemical trends. In order to comprehend the effects
of hydro-geochemistry and human involvement on
groundwater quality, graphical approaches including
Piper-Trilinear, Durov, Principal Component Analysis,
Factor analysis, Gibbs ratio, SAR, and Corrosive ratio
have also been used.

RESULTS AND DISCUSSION

Seasonal variations
The results of the physico-chemical
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parameters of groundwater samples are presented
in tables 1 through 3. The pH values between
6.7 and 8.5 fell within those recommended for
residential use, which were 6.5 to 9.0 (USEPA,
1975), 5.5 to 9.0 (ICMR, 1975), and 7.0 to 9.0
(ICMR). Seasonal oscillations show that the
pH value is highest during the monsoon and
lowest during the pre-monsoon. The groundwater
samples seldom have an alkaline pH. It was
discovered that the EC values ranged from 502
to 1217 mhos/cm. It indicates the presence of
pollutants when the EC of water abruptly rises.
Dug wells are normally between 28 and 38 metres
deep, although tube wells can reach depths of
over 50 metres. There aren't many differences in
the EC of samples from tube wells and dug wells.
The salinity of Chennai's groundwater rises as
you move south. However, there is some salinity
distribution variability seen. The EC noted changes
in the research area's groundwater quality, which
according to field observations are caused by
companies and dumping grounds. The rise in
conductivity shows how many ions the salinity
values can support [8 & 9].

Table 1: Physicochemical Parameters of Groundwater Samples of Vellore City (Pre Monsoon)

Sample Code pH DS CO,> HCO2 EC FreeCO, CI Nit. SO* TH Ca** Mg* Na* K* COD
St 6.96 986 166 46 774 26 152 16 108 234 68.4 28.8 3850 10.9 98

S2 717 912 212 52 721 32 134 14 98 212 64.8 249 2627 614 112
S3 6.92 1128 154 42 918 24 176 22 182 414 1272 484 4014 552 134
S4 7.74 986 250 112 774 38 164 16 112 232 76.8 249 842 554 98

S5 713 896 220 78 672 28 112 12 72 184 456 259 96 15.7 94

S6 718 1432 214 98 1118 30 194 28 218 580 1428 82 186.5 82.9 128
S7 6.99 1521 234 62 1206 28 198 28 224 520 136.8 715 2433 259 146
S8 7.86 987 282 132 896 46 167 24 112 284 85.2 34 1085 1.9 188
S9 8.02 976 296 296 889 48 142 22 104 224 756 235 2014 24 132
S10 7.98 898 292 292 684 46 124 18 78 192 52.8 249 1865 454 116
S11 8.11 1413 254 368 1196 54 182 32 212 582 1476 80.6 719.3 46.6 94

S12 7.76 1623 202 312 1217 44 214 34 238 640 1632 88.3 7349 10.9 192
S13 7.02 1112 212 102 918 28 170 26 114 408 1176 508 543.0 614 154
S14 7.23 988 278 108 743 32 166 18 118 288 91.2 326 3675 552 96

S15 8.02 994 292 2906 774 52 172 20 128 310 1176 27.3 677.7 554 142
S16 7.84 1256 264 268 923 42 198 24 152 432 130.8 51.3 581.3 157 188
C1 7.49 912 182 54 684 28 124 14 48 192 50.4 259 5432 829 98

c2 7.98 983 281 102 714 36 142 16 72 234 58.8 32.6 3085 25.9 134
C3 725 1112 176 48 897 22 178 22 114 342 86.4 475 802.4 437 146
C4 7.37 1167 204 44 916 32 182 24 124 356 91.2 48.9 686.4 25.1 228
C5 713 1217 146 40 987 18 188 32 148 412 100 585 7193 911 98

C6 7.32 1002 222 76 814 28 164 28 98 296 64.8 451 512 79.0 112
Cc7 726 1008 218 74 817 26 166 28 98 312 744 451 4962 29 142
C8 716 1078 222 64 854 24 170 30 114 372 82.8 56.1 4122 42 198

Units: All the parameters are given in ppm, excluding EC- .mhos/cm, pH
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Table 1: Continue.......
Sample Code  pH TDS CO2» HCO2» EC FreeCO, CI Nit. 802 TH Ca* Mg* Na* K+ COD
C9 7.98 1438 282 186 1102 52 186 36 178 486 118.8 69.1 560.0 659 168
c10 8.14 1457 226 386 1023 58 190 34 182 512 1284 715 4203 725 232
C11 8.12 994 244 354 798 58 152 18 86 256 612 369 617.7 36.1 146
Cc12 7.89 1530 198 298 1147 44 198 38 198 532 1404 71 886.1 16.1 218
C13 7.21 997 178 168 788 36 152 22 86 254 58.8 374 6227 1148 196
C14 7.45 1312 250 162 996 42 178 28 146 458 1176 628 813.7 1524 178
C15 754 1325 304 208 1104 54 182 32 152 456 110 65.2 8879 1029 98
C16 823 1289 270 368 998 62 178 28 138 424 100 614 7307 328 112
W1 6.84 792 148 48 593 14 134 12 48 214 528 30.2 70.9 1.9 88
w2 6.79 798 150 48 598 18 146 14 52 214 528 302 843 8.0 96
w3 6.98 886 150 62 688 26 152 24 68 252 588 369 820 84 112
W4 6.77 912 154 38 723 14 168 28 74 312 67.2 48 196.8 10.9 98
W5 7.12 884 226 92 662 32 148 24 58 246 552 369 1783 55 124
W6 6.78 787 154 44 590 18 114 14 46 212 516 30.2 993 7.9 86
W7 7.42 1212 280 104 964 38 162 36 112 424 79.2 70 5914 10.3 142
w8 7.02 1108 216 96 886 32 154 28 98 388 744 633 5274 679 186
w9 7.67 986 306 142 677 42 172 32 84 324 684 504 457.0 106.3 178
W10 7.13 987 260 64 672 28 172 28 88 328 684 513 832 0.9 98
W11 724 1321 266 68 1102 30 180 40 124 496 88.8 83.52 7835 442 204
W12 6.82 1486 242 56 1114 28 187 42 147 546 924 944 834 748 214
W13 7.81 1234 319 193 977 44 158 32 114 432 79.2 72 645.6 54.7 202
W14 7.98 799 368 218 512 46 118 16 54 244 648 26 6132 542 98
W15 6.96 1218 194 98 993 24 164 32 126 428 81.6 70 628.4 446 114
W16 714 896 300 82 617 28 148 26 62 298 70.8 43 5122 102 156
Units: All the parameters are given in ppm, excluding EC- .mhos/cm,pH

Table 2: Physicochemical Parameters of Groundwater Samples of Vellore City (Monsoon)

Sample Code pH TDS COZ HCOZ» EC FreeCO, CI Nit. 8O TH Ca* Mg* Na* K+ COD
S1 7.05 946 154 44 724 32 126 8 92 228 672 27 3920 8.8 86
S2 7.23 892 180 58 707 36 108 8 78 202 612 24 2682 542 106
S3 6.98 1108 144 38 897 26 154 8 162 398 124 46 4242 431 124
S4 7.88 963 224 112 747 44 144 10 96 218 748 22 882 511 92
S5 7.27 846 170 98 567 30 88 8 58 178 43 25 1042 98 88
S6 7.28 1403 226 76 1108 34 166 12 188 564 140 79 1962 81.2 116
S7 7.09 1497 205 67 1082 36 168 16 192 512 134 69 256.2 25.1 138
S8 7.94 962 272 126 798 48 148 12 84 272 812 33 1124 12 178
S9 8.23 951 354 218 792 54 124 16 88 214 724 23 2111 18 126
S10 8.03 857 360 208 518 54 102 12 52 184 50.2 24 1982 354 108
S11 8.44 1392 316 292 1106 64 146 18 190 574 142 81 749.1 411 88
S12 7.98 1584 306 196 1118 62 164 22 192 590 1584 78 8142 102 184
S13 7.13 1089 220 86 884 42 152 14 102 394 1154 48 543.3 584 144
S14 7.48 953 260 102 693 34 138 8 106 286 89 33 3982 512 94
S15 8.22 964 362 212 713 58 154 10 108 302 1172 25 7129 544 140
S16 7.91 1227 330 184 887 48 164 10 138 416 1246 50 5984 1.6 176
C1 7.62 892 180 48 627 34 106 8 24 184 492 244 5542 789 94
c2 8.12 967 249 123 677 38 108 8 52 228 546 33 3182 229 126
C3 7.37 1096 170 38 846 28 146 8 98 336 84.2 47 8323 427 132
C4 7.52 1136 180 52 884 44 164 12 102 334 896 44 7062 211 212
C5 7.23 1198 134 36 936 20 154 20 118 402 96.2 58 749.7 90.1 86
Cc6 7.39 978 172 102 774 30 148 18 72 284 632 43 556 77.0 104
Cc7 7.42 984 188 96 784 28 148 16 68 298 712 43 5321 21 136
C8 7.33 1062 210 62 802 32 154 16 96 384 80.2 60 4424 3.8 196

Units: All the parameters are given in ppm, excluding EC- .mhos/cm, pH
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Table 2: Continue.......
Sample Code pH DS CO2» HCO2> EC FreeCO, CI Nit. 8O, TH Ca* Mg* Na* K+ COD
C9 8.04 1412 308 138 1012 68 162 22 156 474 104 72 5842 59.2 164
c10 8.31 1413 310 286 1013 72 174 26 168 498 1242 70 4182 612 216
C11 8.22 973 310 264 782 74 124 14 62 242 584 34.8 636.6 27.1 138
Cc12 7.99 1456 266 212 1019 48 172 18 172 498 132 66 916.2 9.1 218
C13 7.46 972 216 108 763 44 128 12 68 236 572 33 637.1 988 192
C14 7.61 1278 280 118 934 48 142 16 122 452 1148 62 816.6 1104 164
C15 768 1313 354 142 1084 68 164 18 138 446 107.2 64 888.8 89.9 96
C16 8.54 1278 332 282 984 84 162 18 116 420 974 62 7323 234 108
W1 6.92 787 143 39 524 24 112 6 32 210 482 31 819 0.8 86
w2 6.83 774 147 39 536 24 118 8 34 212 47 32 864 64 88
w3 7.13 867 160 44 664 28 134 8 42 244 56 36 881 75 102
w4 6.82 897 142 36 685 26 126 12 58 308 654 48 206.1 6.8 92
W5 7.34 861 230 72 615 38 124 8 44 232 542 34 1798 42 116
W6 6.93 737 149 43 515 20 94 10 28 208 473 31 1023 6.8 82
W7 7.63 1197 266 108 914 40 138 18 94 412 724 70 5986 7.8 138
w8 723 1087 232 66 835 38 124 20 72 35 76.8 59 5364 612 178
w9 7.82 963 194 232 623 48 148 16 68 308 64.2 48 4871 925 166
W10 7.18 974 206 102 617 34 134 20 78 312 64 49 85.1 0.5 86
W11 739 1302 196 118 965 32 152 26 112 474 82 81 788.6 328 196
W12 6.98 1412 208 64 988 34 158 30 128 512 88.6 88 8921 67.4 202
W13 7.88 1202 254 244 925 52 122 22 102 408 74.6 68 652.1 492 194
W14 8.24 773 268 264 502 58 96 6 36 214 616 27 663 462 86
W15 714 1198 204 64 976 34 132 18 108 412 782 68 631.7 345 106
W16 719 877 266 98 584 36 118 12 48 292 67.4 43 5181 7.9 148
Units: All the parameters are given in ppm, excluding EC- .mhos/cm,pH

Table 3: Physicochemical Parameters of Groundwater Samples in Vellore City (Post- Monsoon)

Sample Code pH TDS CO» HCOZ» EC FreeCO, CI Nit. SO2* TH Ca* Mg* Na* K+ COD
S 7.02 952 138 62 731 26 128 12 96 202 63 23 4122 81 82
S2 719 898 172 72 709 32 114 12 82 185 58 21 269.4 53.1 102
S3 6.95 1112 144 42 902 24 162 18 166 366 112 43.2 4483 43 118
S4 7.79 974 236 112 752 40 146 14 102 198 72 187 1022 496 84
S5 7.21 861 192 84 581 28 96 10 66 154 38 21 1211 9.2 76
S6 7.24 1413 210 94 1109 32 172 16 192 532 136 73 2163 76.3 102
s7 7.07 1503 196 82 1114 28 172 20 202 493 126 67.9 2594 19.2 124
S8 7.89 974 270 134 823 46 152 18 96 248 78 40.8 1322 0.8 164
S9 8.14 959 344 238 836 50 128 18 92 388 68 657 2421 08 114
S10 8.03 869 354 218 577 48 104 14 64 158 48 18.7 199.1 234 94
S11 8.18 1402 326 288 1147 62 152 20 198 556 136 79 7828 382 82
S12 7.83 1598 314 192 1136 48 174 26 208 562 156 72 8271 9.8 176
S13 7.04 1094 210 98 892 30 152 18 106 362 112 42 583.1 521 132
S14 7.35 967 248 126 705 32 144 14 108 262 87 28 401.4 498 84
S15 8.08 979 292 284 728 52 158 16 112 286 112 24 7239 514 132
S16 7.85 1234 260 262 906 44 166 16 142 398 116 49 601.2 0.8 164
C1 7.54 896 140 88 639 28 106 12 32 152 48 172 5652 752 88
c2 8.03 978 240 138 692 36 112 10 56 202 534 27 3234 212 116
C3 7.32 1102 131 83 854 24 148 12 98 308 78 42.7 838.3 39.8 128
C4 7.49 1142 151 85 898 32 168 16 112 312 88 40 7184 18.7 202
C5 719 1203 136 38 952 18 168 24 122 378 94 53 755.1 872 78
C6 7.38 989 180 102 789 28 152 20 74 268 61 40 5785 752 94
c7 7.32 992 156 132 791 26 152 18 68 272 67.2 384 5385 1.8 128
C8 7.27 1066 160 118 817 26 154 20 102 362 784 556 4481 29 182

\Units: All the parameters are given in ppm, excluding EC- .mhos/cm,pH
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Table 3: Continue.......
Sample Code pH TDS COo2» HCO2» EC FreeCO, CI Nit. SO2* TH Ca* Mg* Na* K+ COD
C9 8.03 1421 290 162 1057 54 164 28 163 448 92 70.8 5323 57.1 144
C10 8.23 1429 304 298 1015 62 174 30 170 452 112 63.8 421.1 59.3 208
C11 8.17 979 354 228 789 62 128 16 62 228 52 34 6481 26.2 132
C12 7.96 1478 376 108 1097 44 176 28 174 462 126 60 9189 8.7 208
C13 7.32 983 202 124 779 36 132 18 72 212 546 29 7541 98.2 182
C14 7.52 1287 270 132 952 42 156 20 126 434 112 59 878.8 110 158
C15 7.61 1314 356 148 1097 58 164 22 140 424 1024 60 9452 88 88
c16 8.44 1281 322 294 986 68 164 20 122 396 945 56.4 7432 221 98
W1 6.88 790 142 46 554 22 116 10 36 206 47 304 9141 0.7 82
w2 6.81 782 136 56 552 22 122 12 36 208 46 316 912 62 78
w3 7.04 874 148 58 678 24 138 16 46 232 52 348 893 7.1 98
w4 6.81 908 133 47 696 22 132 24 62 298 64.3 458 2232 6.1 88
W5 7.29 869 204 102 634 32 128 12 44 218 512 31 1842 3.8 102
wWeé 6.86 758 140 54 544 18 102 10 32 196 444 292 1122 6.2 76
w7 7.54 1204 232 "146 932 38 142 20 98 398 66.2 69 606.2 7.1 124
w8 7.05 1094 198 104 848 36 126 22 82 324 624 53 537.1 582 162
w9 7.71 972 232 198 646 46 154 22 74 292 63.6 44 4831 914 152
W10 7.15 981 200 112 637 30 142 22 80 294 62.8 45 86.3 0.4 84
W11 7.29 1308 193 123 988 30 156 30 114 446 78 75.8 796.2 32.1 184
W12 6.93 1432 182 98 992 30 164 36 132 492 86 83 8942 66.8 188
W13 7.83 1218 266 232 944 46 132 24 104 384 72 63 658.1 49 187
W14 8.11 779 280 264 508 48 98 10 40 202 57 254 6771 458 78
W15 7.04 1204 142 130 979 26 134 26 112 392 74 44 6351 33 98
W16 7.15 886 225 143 591 30 126 20 52 278 632 415 5421 7.7 132

Units: All the parameters are given in ppm, excluding EC- .mhos/cm,pH

Correlation Analysis

By calculating the correlation coefficient,
one may anticipate how an ion will explain the
properties of other ions10. Between water quality
metrics, the correlation coefficient (r) has been
calculated 15 tables 1 to 3. It shows a strong
association between the various metrics of water
quality. lons are strongly connected when the
Correlation coefficient! value is either +1 or -1. The
ions are not correlated if the correlation coefficient
is 0, and are said to be well correlated if the ratio is
larger than 0.7 and moderately correlated if the ratio
is 0.7 to 0.5. With the exception of bicarbonates and
carbonate, total dissolved solids are shown to have
good season-to-season correlation with cations and
anions. Pre-monsoon has the highest pre-monsoon
correlation coefficient for cationic concentration
vs. total dissolved solids and the lowest monsoon
correlation value. Total hardness was correlated with
calcium, magnesium, chloride, Sulphates, carbonate,
and bicarbonate, with correlation coefficients of
0.87, 0.95, 0.86, 0.88, 0.06, and 0.34, respectively,
indicating that permanent hardness predominated in
the study area throughout all seasons. Only nitrate
and chloride have a moderate correlation with

chemical oxygen demand (COD). Between overall
hardness and electrical conductivity, a very strong
positive association (0.95) was found.'®-'2,

Piper and Durov analysis

It is commonly known that interpretive
diagrams can be used to better understand the
nature and origin of various water quality. In this
instance, the relationship between various points in
the systems and potential drivers can be expressed
using the Durov'? and Piper diagram. The quality of
the groundwater in the research area is depicted
by the Durov diagram in Fig. 1. The fact that the
water in later boreholes has a higher Na-K-HCO,
character than calcium, magnesium, or Sulphates
dominations could mean that sodium and chloride
are neutralising the acidity in the subsurface
throughout pre-, monsoon, and post-monsoon. By
graphing the percentages of chemical elements in
a Piper diagram, groundwater is further assessed
to identify the facies'®'4. The seasonal plot shows a
sporadic distribution with slight differences in their
chemical properties Fig. 2. Although the number of
samples varied, the groundwater was of the kinds
Na-CO,, NaCl, Ca-MgCO, and Ca-MgCl, as shown
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by the groundwater samples S4, C5 and W10.
However, there were considerable differences in the
percentage of samples that belonged to different
types of water. There are only a few samples
(S4, C5, and W10) that fall into both Ca-CO, and
Na-Cl sub-blocks in the figure. Plots provide evidence
that the groundwater was mixed type and that
several processes contributed to its evolution's-18,
Plots also showed that Na is the most abundant
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cation in groundwater, followed by Ca and Mg, and
Cl is the most abundant anion. The main sources of
ions are Na,CO, and Na,SO,, which are extensively
employed in the paper industry and in the production
of small-scale dyes at various stages of the process.
The study area's groundwater types were identified
and categorized according on where they fell on a
Piper diagram. The Na-CO, dominated facies was
clearly visible in the majority of the sample.

Fig. 1. Durov Diagram of WQPs of Vellore city, South India



ANSARI et al., Orient. J. Chem., Vol. 39(5), 1170-1183 (2023)

1176

Fig. 2. Piper-Trilinear Diagram of WQPs of Vellore City, South India

Geochemical process

It is crucial to recognize and comprehend
the hydro-geochemical processes in order to assess
the reasons for changes in groundwater quality
and plan for groundwater protection. Gibbs plot'
Fig. 4.3 was used to pinpoint the mechanisms
governing the chemistry of the groundwater. The
majority of the data points, with the exception of a
few in the evaporation zone, are plotted in the rock

dominance zone, indicating that the interaction of
aquifer material and water is the primary process
regulating the chemistry of groundwater.

The Na/Cl ratio plot and the Na/Cl ratio
against EC plot Fig. 4. 4 a and b demonstrate that
evaporation is not a significant process. Assuming
that no mineral species precipitate, concentration by
evaporation would leave the ratio of Na/Cl constant.
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Another Na/Cl versus EC diagram would result in a
horizontal line®. Groundwater has a wide range of
Na/Cl ratios Fig. 4a. The connection between the
Na/Cl ratio and EC Fig. 4b is slightly sloped, which

Table 4: Correlation Coefficient matrix for ground waters of Vellore city, South India (Pre-monsoon)

177

suggests that evaporation is not the major process.
Na levels in groundwater are slightly higher, which
suggests that silicate weathering is more likely to be
the main cause than evaporation.'®-2,

Variables  pH TDS CO,> HCO/> ECFreeCO, CI NOZ SO TH Ca* Mg* Na* K*

pH 1

TDS 0.255 1

CO2 0.644 0.099 1

HCO_ > 0.858 0.379 0.454 1

EC 0.227 0.959 0.062 0.341 1

Free CO, 0.906 0.372 0.668 0.895 0.348 1

Cl 0.147 0.841 0.004 0.252 0.812 0.226 1

NO > 0.100 0.774 0.181 0.190 0.752 0.220 0.740 1

SO 0.257 0.916 0.039 0.387 0.905 0.353 0.845 0.593 1

TH 0.145 0.951 0.084 0.308 0.909 0.271 0.858 0.825 0.883 1

Ca? 0.289 0.853 0.080 0.436 0.825 0.370 0.846 0.550 0.945 0.871 1

Mg? 0.025 0.895 0.058 0.180 0.852 0.165 0.764 0.891 0.736 0.952 0.680 1

Na* 0.302 0.589 0.220 0.367 0.571 0.375 0.482 0.578 0.424 0.580 0.464 0.565 1

K* 0.108 0.270 0.127 0.083 0.244 0.227 0.187 0.195 0.218 0.240 0.205 0.226 0.468 1

COD 0.230 0.532 0.170 0.231 0.476 0.285 0.505 0.569 0.377 0.496 0.386 0.504 0.453 0.142 1
Table 5: Correlation Coefficient matrix for ground waters of Vellore city, (monsoon)

Variables pH DS CO,> HCO,/> EC FreeCO, CI NO2 802> TH Ca?*  Mg* Na* K+ COD

pH 1

TDS 0.246 1

CO> 0.635 0.079 1

HCO_* 0.852 0.367 0.456 1

EC 0.218 0.958 0.038 0.328 1

Free CO, 0.905 0.364 0.666 0.891 0.339 1

Cl 0.151 0.845 0.004 0.237 0.818 0.226 1

NO > 0.085 0.771 0.157 0.184 0.747 0.210 0.744 1

SO/~ 0.260 0.920 0.040 0.382 0.910 0.355 0.842 0.598 1

TH 0.134 0.950 0.063 0.300 0.907 0.264 0.861 0.823 0.887 1

Ca? 0.296 0.859 0.090 0.434 0.833 0.376 0.842 0.560 0.946 0.879 1

Mg? 0.003 0.895 0.020 0.170 0.851 0.151 0.776 0.889 0.747 0.953 0.696 1

Na* 0.288 0.585 0.188 0.339 0.567 0.360 0.496 0.564 0.426 0.571 0.470 0.553 1

K* 0.104 0.264 0.124 0.089 0.237 0.225 0.179 0.192 0.216 0.236 0.205 0.221 0.451 1

COD 0.233 0.518 0.256 0.244 0.453 0.281 0.512 0.532 0.379 0.470 0.375 0.466 0.459 0.088 1

Table 6: Correlation Coefficient matrix for ground waters of ground waters of Vellore city, (post- monsoon)

Variables pH TDS CO2» HCO2 EC Free CO, CI NO/> SO/~ TH Caz* Mg?+ Na* K+ COD

pH 1

TDS 0.261 1

CO~ 0.859  0.340 1

HCO,?> 0.822 0219 0.757 1

EC 0.250 0.956 0.300 0.181 1

Free CO2 0.912 0.352 0.895 0.857 0.334 1

Cl- 0.160 0.792 0.177 0.132 0.796 0.218 1

NO_> 0.077 0.718 0.208 0.158 0.663 0.219 0.630 1

SO.2 0.257 0.913 0.353 0.239 0.903 0.349 0.802 0.544 1

TH 0.176 0.926 0.306 0.234 0.910 0.300 0.775 0.725 0.872 1

Ca? 0.260 0.831 0.360 0.289 0.820 0.332 0.815 0.448 0.928 0.841 1

Mg?* 0.135 0.838 0.264 0.167 0.822 0.269 0.661 0.769 0.711 0.938 0.630 1

Na* 0.298 0.558 0.251 0.299 0.550 0.305 0.442 0.486 0.398 0.501 0.455 0.427 1

K+ 0.064 0.220 0.002 0.080 0.214 0.111 0.192 0.218 0.178 0.144 0.179 0.087 0.415 1

COD 0.231 0.520 0.234 0.230 0.462 0.255 0.507 0.577 0.381 0.442 0.364 0.464 0.467 0.097 1
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Corrosive ratio & ion exchange reaction

The corrosive ratio of a groundwater sample
is greater than 1, regardless of the season. If the
CR is less than 1, the water is not corrosive; if the
CR is greater than 1, the water is. This is brought on
by the interaction of surface moieties and industrial
wastewater. The significant geochemical processes
that regulate the occurrence and distribution of ions in
groundwater are known as cation exchange reactions.
The rise in sodium in a gneissic environment is
probably caused by ion exchange or industrial or
agricultural contaminations'”. Cation exchange
reactions are demonstrated by a high concentration
of Na relative to Cl or a depletion of Na relative
to CI'®. Ca is kept in the aquifer material during a
typical ion exchange event, while Na is discharged
into the water. Cl does not counteract the excess
Na produced by the ion exchange reaction; instead,
alkalinity or SO, do. Similar to this, in a reverse
ion exchange, Ca is released to water while Na is
kept by aquifer minerals. In this instance, Ca and
Mg balance off the excess Cl over Na. In light of
this, an excess of Na over Cl or Cl over Na is a
reliable indicator of ion exchange processes. The
depletion of Na values relative to Cl in this region
Fig. 4a is indicative of an ion exchange reaction. Every
other sampling site groundwater sample uses the
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ion-exchange reaction with a slow rate of seasonal
fluctuations, with the exception of this location (S4,
S11, W2, W7, W8, W10, W11). Figure 4b.

Principal Component Analysis

Pre-monsoon season causes factor 1 to be
very highly loaded with TDS, TH, and strongly loaded
with EC, chloride, NO,, SO,, Ca, and Mg Table 4.7
and Fig. 4.9. The moderate loading of Cu, Zn, Pb,
and COD accounts for 46.03% of the data set's
variability. Anthropogenic pollution and a decline in
the groundwater table are the two processes that
are suggested. Without recharge, the groundwater
table lowers during the summer because significant
concentrations of chloride and Sulphates were
observed. Due to the presence of NO, in this
factor, anthropogenic pollution is proposed as the
additional contributing process. Livestock waste and
municipal landfills may be sources of nitrogen. Factor
2 accounts for 14.64% of variability and contains
the variables PH, alkalinity, and free CO,. If PH and
free CO, have somewhat higher positive loadings
than alkalinity, this indicates that groundwater in
the research area is primarily contaminated by
wastewater discharge on a regular basis. Because
the pH rises as a result of the creation of acids
caused by the decomposition of organic material, this
component is known as the degradation factor.252°,

Fig. 3. Gibbs diagram for groundwater with respect to anion and cation
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Fig. 4(a). Relation between Na (meg/l) and CI (meg/l).

Fig. 5. % of Na in groundwater, Vellore city, South India

Fig. 7. Corrosive ratio of groundwater in Vellore city, South
India

Aluminium has a modest link with factor
3 and mercury and cadmium have a moderate
correlation. Factor 3 contributes 11.6% of variability.
These numbers suggest that the concentration of
heavy metals decreases over the summer. Factor
4-organic matter degradation/iron reduction process-
explains 6.34% of the variability and includes only
a moderate association of ferrous. Iron reduction is
connected to the microbial breakdown of organic
substances in the aquifer (1).

The factor 1 is extremely significantly
connected with TDS during monsoon season
Table 8 and Fig. 10, while EC and TH are strongly
correlated with chloride, nitrate, Sulphates, calcium,
and magnesium. Cu, Zn, and COD have a moderate
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Fig. 4(b). Relation between Na/Cl versus EC (mho/cm)

Fig. 6. SAR in groundwater, Vellore city, South India

Fig. 8. Chloro-Alkaline indices of groundwater in Vellore
city, South India
association and account for 46.03% of the data set's
variability. Since chloride, nitrate, and Sulphates
have lower positive correlations than the other two
seasons and consequently have a negative effect
on TDS, this may be owing to the recharge effect of
rainwater. For this reason, this component is referred
to as a solid factor. Factor 2 accounts for 14.72
percent of the data set's variability and adds to the
modest correlation of Al, Pb, and Hg. This element
is thought to be a heavy metal dissolution element.
The dissolving of metal during the aquifer's recharge
by rainfall may be the cause of the trace amounts of
Al, Pb, and Hg that are released into groundwater.
Factor 3 is responsible for 12.47 percent of the
variability and includes strongly positive loadings
of pH, alkalinity, and free CO,. The water's pH may
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alter, most commonly as a result of continuous water
inflow, and this variation may have an impact on the
free CO, level. When monsoon season arrives, the
pH changes as a result of an abrupt influx of fresh
rainwater in the research area. Alkalinity is directly
impacted by pH variation. This element is known as
the pH factor. Factor 4 explains 7.4% of the variability
and has a moderately positive loading of Fe and Cd;
this may be because ferrous metal dissolves during

Table 7: PCA studies of Physic-chemical
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microbial degradation with the help of organic matter
derived from waste water in the environment. The
factor 1 is very significantly linked with TDS, EC,
and TH in the post-monsoon table 9 and Fig. 11,
as well as with strong positive loadings of chloride,
nitrate, Sulphates, calcium, and magnesium. Strong
association between Cu and Pb and moderately
positive loading of Zn, Hg, and COD explain 44.18%
of the data set's variability.

Table 8: PCA studies of Physico-chemical parameters

parameters (Pre-Monsoon) (Monsoon)

Variable F1 F2 F3 F4 Variable F1 F2 F3 Fa
pH 0.369 0.747 -0.474 0.032 pH 0.408 0.366 0.775 -0.137
TDS 0.936 -0.230 -0.155 -0.006  TDS 0.926 -0.304 -0.023 0.008
TA 0.477 0.749 -0.332 0.211 All. 0.505 0.391 0.723 0.080
EC 0.894 -0.273 -0.221 -0.004 EC 0.890 -0.350 -0.006 -0.011
Free CO, 0.502 0.727 -0.378 0.106 Free CO, 0.558 0.371 0.686 0.031
Chloride 0.843 -0.312 -0.105 -0.050  Chloride 0.798 -0.301 -0.051 -0.138
Nit. 0.841 -0.181 0.291 0.047 Nit. 0.798 0.210 -0.302 0.165
SO 0.847 -0.273 -0.371 -0.040 SO 0.831 -0.487 0.122 -0.065
TH 0.925 -0.317 -0.071 0.056 TH 0.906 -0.339 -0.119 0.075
Ca 0.829 -0.216 -0.376 -0.021 Ca 0.790 -0.492 0.198 -0.074
Mg 0.866 -0.351 0.129 0.091 Mg 0.851 -0.189 -0.307 0.168
Cu 0.529 0.368 0.149 -0.308 Cu 0.552 0.497 -0.187 -0.287
Zn 0.605 0.238 0.071 -0.376  Zn 0.640 0.125 0.082 -0.328
Al 0.278 0.426 0.488 -0.385 Al 0.246 0.681 -0.296 -0.225
Fe 0.359 0.183 0.159 0.610 Fe 0.336 0.176 0.192 0.690
Pb 0.559 0.227 0.537 -0.080  Pb 0.557 0.537 -0.346 0.001
Hg 0.553 0.224 0.560 0.027 Hg 0.539 0.467 -0.404 -0.112
cd 0.394 0.106 0.565 0.561 Cd 0.335 0.307 -0.202 0.732
coD 0.635 0.111 0.225 -0.228  COD 0.636 0.219 -0.170 -0.177
Eigen value 8.747 2.782 2.209 1.205 Eigen value 8.521 2.811 2.369 1.414
Variability (%)  46.037 14.640 11.628 6.341 Variability (%)  44.845 14.793 12.470 7.440
Cumulative (%) 46.037 60.676 72.304 78.645  Cumulative (%) 44.845 59.638 72.108 79.547

Fig. 9. PCA distribution diagram of physicochemical
parameter of groundwater in Vellore City (Pre-monsoon)
South India

Since the content of chloride and
Sulphates is decreased, this process is responsible
for the dilution of groundwater. The substantial
positive loading of nitrate, which is very low
compared to other seasons, may be due to the
monsoon's end's recharge effect on rainwater. The

Fig. 10. PCA distribution diagram of physicochemical
parameter of groundwater in Vellore City (Monsoon),
South India

weathering or evaporation of groundwater reduces
the calcium concentration, and the change
in overall hardness affects the calcium level.
Alkalinity, pH, and free CO, have a moderately
favorable association and account for 14.09% of
the variability. The post-monsoon season is when
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free CO, levels are at their highest. The presence
of free CO,, which changes pH, has an impact
on the level of alkalinity. One parameter, the
moderately correlated Cd, was produced by factor
3 and accounts for 12.7% of the variability. This is
the process that causes heavy metal to dissolve.
Factor 4 contributes 7.4% of the variability,
resulting in a moderately positive ferrous loading;
the process attributed may be the process of iron
reduction or the decomposition of organic matter.

Factor analysis

The assessment criterion for groundwater
environmental quality is applied, and the standard
evaluation indexes are produced using PCA as
well®-2%, The total score for each standard level
is displayed in Table 10 and Fig. 12. The quality
of the groundwater in samples W1, W3, W4, W7,
W11, W13, S1, S5, S8, S9, S10, S11, S13, S14,
S15, and S16 is good, and W2, W5, W16, S2 and
S4 are better; the groundwater there satisfies the
requirements of the Il and Ill water function zones
W6, W8, W9, W14, W15, and S3.

Table 9: PCA studies of Physico-Chemical
parameters (Post-Monsoon)

Variable F1 F2 F3 F4

pH 0.413 0.601 -0.616 0.025
TDS 0.927 -0.261 -0.030 0.012
TA 0.515 0.621 -0.506 0.179
EC 0.904 -0.297 -0.088 -0.009
Free CO, 0.549 0.603 -0.494 0.175
Chloride 0.816 -0.332 -0.012 -0.121
Nit. 0.781 0.003 0.458 0.084
SO~ 0.849 -0.390 -0.251 -0.025
TH 0.911 -0.309 0.033 0.159
Ca 0.808 -0.378 -0.308 -0.075
Mg 0.850 -0.213 0.204 0.259
Cu 0.495 0.423 0.055 -0.433
Zn 0.623 0.173 -0.084 -0.381
Al 0.060 0.474 0.380 -0.287
Fe 0.395 0.238 -0.001 0.606
Pb 0.486 0.366 0.482 -0.109
Hg 0.572 0.345 0.530 -0.103
Cd 0.189 0.304 0.634 0.562
COD 0.623 0.173 0.238 -0.347
Eigen value 8.395 2.677 2.425 1.425
Variability (%) 44.184 14.091 12.763 7.498
Cumulative (%) 44.184 58.275 71.039 78.536
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Table 10: Factor analysis of ground water in Vellore city

Sample code  F1 F2 Factor score Rank Grade
S -1.692 0.736 -0.956 1 Il
S2 -1.543 0.529 -1.014 2 1l
S3 -1.17 0.545 -0.625 1 1
S4 -0.818 1.087 0.269 1 1l
S5 -1.116  -0.182 -1.298 2 n
S6 -2.182 0.244 -1.938 3 n
S7 0.238 -0.021 0.217 1 1
S8 0.155 0.651 0.806 3 v
S9 -0.526 -1.186 -1.712 3 1l
S10 -0.485  -0.083 -0.568 1 1l
S11 1.026 1.043 2.069 4 v
S12 1.756 1.421 3.177 4 Vv
S13 0.496 -0.82 -0.324 1 I
S14 0.864 -0.009 0.855 3 v
S15 0.518 1.441 1.959 3 v
S16 -0.569  -0.647 -1.216 2 n
C1 -0.674 0.927 0.253 1 Il
c2 -0.937  -0.059 -0.996 2 n
C3 -0.037 1.976 1.939 3 v
C4 -0.581 -0.396 -0.977 2 n
C5 -1.785  -0.242 -2.027 1 |
C6 0.915 1.822 2.737 4 Vv
C7 0.85 1.43 2.28 4 Vv
Cc8 -0.154 -0.464 -0.618 1 1l
C9 -0.303 -1.767 -2.07 1 |
c10 -1.313  -2.441 -3.754 1 |
C11 1.192 -0.771 0.421 1 1l
Cc12 2.324 0.473 2.797 4 Vv
C13 -0.068 0.365 0.297 1 1l
C14 -0.51 -0.209 -0.719 1 1l
C15 -0.543 -1.977 -2.52 1 |
Cc16 0.473 -0.68 -0.207 1 I
Wi1 -1.758 -0.09 -1.848 3 n
W2 -1.251 -1.02 -2.271 1 |
W3 -0.063 1.251 1.188 3 v
w4 0.267 0.936 1.203 3 \%
W5 0.597 1.974 2.571 4 \%
W6 -0.258 0.543 0.285 1 1l
W7 0.059 -0.005 0.054 1 Il
W8 0.117 0.343 0.46 1 Il
w9 1.154 -0.301 0.853 3 \%
W10 1.748 -1.643 0.105 1 1l
Table 10: Continue.......

Sample code  F1 F2 Factorscore Rank  Grade
W11 -0.109 -1.868 -1.977 1 I
W12 2.108 0.008 2.116 3 v
W13 0.096 -0.725 -0.629 1 l
W14 1.065 -0.126 0.939 3 v
W15 1.485 -0.443 1.042 3 \%
W16 0.945 -1.571 -0.626 1 Il
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Fig. 11. PCA distribution diagram of physicochemical
parameter of groundwater in Vellore City (Post-monsoon),
South India

CONCLUSION

Studies on the trends in groundwater quality
are being conducted in the Vellore area close to
industrial areas. Na, Ca, Mg, and K were the four
cations that predominated in the research region,
whereas CO,, CI, HCO?*, and SO,* were the four
anions. The cation exchange process regulates the
chemistry of groundwater. The correlation between
the different water quality parameters (TDS, TH, Ca*,
Mg?*, and CI,, SO %, etc.) was good. lon exchange
reactions along the groundwater flow direction
result in the release of Ca* and the adsorption of
Mg and Na, according to hydro chemical modeling.
Based on the primary ion chemistry of groundwater,
four hydro chemical facies have been discovered,
with Na-K-HCO, and Na-CO, being the two major
facies. A small number of groundwater samples from
coastal areas in the pre-monsoon season (April
2023) exhibit the Na-Cl facies. However, during
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Fig. 12. Factor analysis of physicochemical parameter
of groundwater in Vellore City (Post-monsoon),
South India.
the monsoon, these samples eventually become
diluted to Ca-Mg-HCO, or Na-K-HCOQ, facies. The
study locations' potential for agricultural activities
is constrained by high SAR and Na%. The pollutant
load was definitely higher during the summer and
lower during the monsoon, according to the PCA
study. According to factor analysis, the water function
zones for the groundwater quality in 29 places are Il

and lll, while the other 19 locations are IV and V.
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