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ABSTRACT

Hydro-chemiecal ground water data of coastal region of Cuddalore district was subjected to
cluster analysis to group the ground water based on its homogeneity and to find out the influencing
factor on ground water quality. The twenty-seven water samples were collected during summer and
post mensoon season of 2007 and characterized for nine physice-chemical parameters. These
physicochemical parameters were subjected to cluster analysis. From the analysis, four and five
distinet clusters were identified in summer and post monscon season respectively. The different
cluster recognized in the cluster analysis differed in chemical composition. It also had significant

correlation with spatial distance from the sea as well as landform.
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INTRODUCTION

Groundwater in shallow aquifers 1s the main source of water for agriculture, industries and
domestic consumption in coastal region. There 15 a wide variation in the chemical composition of
ground water in coastal region, reflecting the diverse geo-hydrology, hydrometecrology,
topography, drainage and artificially imposed conditions (Kim ef al., 2005). The hydrochemical
differentiation of ground water in coastal areas 1s very complex due to influence of multitude of
factors such as sea water intrusion (Morell ef af., 1996), rainfall, geology, topography, extent of
ground water exploitation, fish farming, pollution phenomena and other local factors. But it 1s
necessary to understand these processes in coastal land for the wise management of groundwater
and its sustainable use.

Cluster analysis groups samples by linking inter-sample similarities and illustrates the overall
similarity of variables in the data set (Massart and Kaufman, 1983). Cluster analysis of
groundwater forms finite number of clusters among total samples and each cluster represents a
specific hydrogeochemical composition of groundwater (Frapporti et al., 1993; Ochsenkuhn ef al.,
1997). Wenning and Erickson (1994) reported that application of cluster analysis was one of the
unhbiased methods that can help to indicate the natural asscciation between ground water quality
and variables.

Recently, many researches have adopted cluster analysis as a part of the multivariate
statistical analysis for the assessment of groundwater quality (Suk and Lee, 1999;
Helena et al., 2000; Adams et al., 2001, Lee ef al., 2001). Guler et al. (2002) concluded that

combination of graphical and statistical techniques provides a consistent and objective means
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to classify large number of groundwater samples. With this backdrop, cluster analysis was
exploited in this experiment to group the ground water and to find out the natural association
between ground water and different variables in the coastal regions of Cuddalore district, Tamil

Nadu.

MATERIALS AND METHODS

Study area description: The study site, coastal region of Cuddalore district in Tamil Nadu state
is situated between 11.40° and 11.25°IN latitudes and 79.60° and 79.85° Longitudes. The region
fall under tropical semi-arid climate, with a mean annual temperature of 27°C and a mean annual
rainfall of 1150 mm. The rainy season is from October to December. Coastal aquifers in the study
area are, geologically composed of Cuddalore formation belongs to tertiary age. The main landform
includes seacoast, estuary, sandy plains, sand dunes and alluvial plains.

Water sampling and characterization: The hydro-geochemical information was obtained
from a sampling network of 27 wells from three different zones (Zone-I<1.5km; Zone-II
1.5 -3 km and Zone-II11>3 km from sea coast) of study site. Zone I, II and IIl includes 7
(Well ID: 1-7), 9 (Well ID: 8-16) and 11 (Well ID: 17-27), wells, respectively. The samples were
drawn as per standard procedures at tri-monthly interval from the respective wells during 2007,
In this study, data pertaining to summer and post monsoon season 1s reported. Ground water
characterized for nine variables viz., cations (Ca®, Mg*, Na*, K, anions (HCO,~, Cl~, SO,*),
pH and EC.

The pH and electrical conductivity was determined by adopting US Salinity Lab. Staff (1968).
Sodium and potassium was analyzed by flame photometry method (Stanford and English, 1949).
Calcium and magnesium was quantified by versenate method (Ihehl ef al., 1950}, Anions viz.,
carbonates, bicarbonates and chloride were quantified by titration methoed (AOAC, 1950). Sulphate
was determined by turbidity method as described by Tandon (1999). All reported values had an
ionic balance within 5%.

Cluster analysis: Nine physico-chemical constituents, i.e., cations (Ca®, Mg®, Na*, K*), anions
(HCO,, ClI7, 8O,), pH and KEC, were used for the cluster analysis. The hierarchical clustering
analysis was performed to split the water samples into a finite number of groups based on the
chemical similarities in the ground water samples. Hierarchical diagram was prepared by adopting
ward’s method whereby well samples were formed into clusters on the x-axis and the linkage
distances appear on the y-axis. The closer linkage distance indicates more similarity between the
samples and wide distance indicates less similarity between the samples. Systat 11.0 package was

utilized for cluster analysis.

RESULTS

Characteristics of ground water: Groundwater was alkaline (pH range: 7.19-8.48) in reaction
irrespective of distance from seacoast and seasons. The degree of alkalinity decreased in post
monscon season. The mean pH value for the whole study area was 7.81 and 7.59 for summer and

1

post monscon season, respectively. The mean KC was 2.45 and 1.17 dS m™, respectively for the

summer and pOSt IMOoNnsoon season.
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Table 1: Characteristics of ground water

pH EC@Sm™) Ca(megqL™ Mg(meqL™ Na(meqL™ K(meqL™ Cl(meqL™ 80, (meqL™Y HCO;(megL™

Well

D 8 PM 8 PM 8 PM S PM 3] PM 3] PM 3] PM S PM S PM
1 754 719 392 111 3.8 173 456 269 854 314 017 014 879 3.25 2.50 1.08 2.05 1.97
2 779 796 367 144 299 269 487 389 681 398 034 028 918 3.64 242 1.23 2.73 2.52
3 756 734 521 209 442 228 5bBEY 343 964 352 059 033 859 3.26 1.08 0.97 216 1.78
4 801 758 698 1.21 387 268 721 326 1044 298 045 038 1458 346 1.28 0.67 3.26 2.38
5 796 752 3.12 092 412 188 449 348 634 314 039 034 581 3.08 192 0.84 2.84 2.24
6 765 764 360 194 238 217 330 294 884 292 026 022 1019 322 1.67 0.82 2.63 2.48
7 7.86 769 162 142 261 232 283 262 411 212 039 027 240 1.86 1.67 1.62 2.27 214
8 801 764 165 078 287 242 296 194 264 142 031 025 212 1.83 0893 068 3.33 277
9 76 757 251 111 416 205 b2 294 957 394 018 0.09 4.60 245 2.20 142 221 2.29
10 774 766 095 052 222 206 262 254 246 208 043 029 3.20 216 1.04 1.10 259 2.57
11 766 741 138 091 277 244 417 312 264 212 014 009 1.80 1.60 0.75 0.63 3.46 3.24
12 774 764 198 114 240 222 431 3568 276 168 0.09 008 240 251 134 0.98 3.23 3.17
13 7.83 768 245 112 441 422 593 3.7 315 272 097 064 479 223 1.25 1.20 3.63 3.41
14 7.84 758 497 186 238 221 509 312 826 3.89 030 020 9797 412 221 1.64 1.52 1.51
15 812 792 1.12 058 261 246 253 208 1.21 087 0.08 008 1.24 082 1.26 0.82 4.63 4.61
16 848 792 144 068 481 329 436 288 149 116 0.22 016 146 1.32 1.04 0.98 5H.23 5.14
17 837 7.84 193 108 3.81 348 242 237 155 132 026 022 117 099 092 0.86 5.05 4.78
18 8256 768 083 054 341 328 262 2ZHZ2 169 124 016 013 146 1.22 136 0.92 5.07 4.99
19 764 762 114 092 465 392 305 291 148 133 065 049 151 1.29 1.26 0954 4.05 3.86
20 754 758 111 094 421 384 262 253 119 098 087 061 1.03 1.14 0.88 0.90 3.95 3.87
21 796 764 181 126 341 331 245 236 132 108 036 033 141 1.17 1.15 1.10 5.31 4.26
22 752 736 098 072 268 244 312 228 194 108 022 017 579 512 1.37 0.92 3.59 3.09
23 768 751 326 163 240 233 261 194 221 158 018 014 7.79 653 1.68 1.04 3.83 3.74
24 778 764 209 154 3.01 281 344 336 281 192 052 042 479 3.46 1.08 0.82 345 3.57
25 766 759 242 136 240 227 326 317 18 126 016 014 258 248 167 0.88 3.03 3.14
26 753 731 164 102 214 198 265 222 294 162 024 018 3.00 260 1.25 1.20 3.63 3.61
27 771 739 245 182 220 189 295 194 216 108 099 061 240 164 1.25 0.64 2.83 2.69
M 7.8 759 245 117 343 262 376 281 408 208 037 027 460 253 142 0.99 3.39 3.18

The cation concentration in groundwater varied both spatially and temporally. The overall
mean concentration of caleium, magnesium, sodium and potassium were 3.23, 3,76, 4.08, 0.37 and
2.62, 2.81, 2.08, 0.27meqL™, respectively for summer and monscon season. Negligible
concentration of carbonate 1on was noticed throughout the study area. The concentration of
bicarbonate ions in the ground water samples was found to vary between 1.51 and 5.31 meq L%
The chloride 1on concentration in the ground water samples was in the range of 0.82 to
14.58 meq L' whereas sulphate ion ranged from 0.58 to 2.50 meq L' (Table 1).

Cluster analysis: Summary statistics of the cluster analysis of the ground water samples for the
different seasons were given in Table 2 and 3. In summer season, four distinct clusters were
identified in summer season (Fig. 1). In group A (well ID 1, 2, 3, 4, 5, 6, 9 and 14) sodium
(8.56 meq L™ was more dominant than the magnesium (5.09 meq L), ealcium (3.52 meq L) and
potassium (0.84 meq L™"). In case of anions, chloride (8.94 meq L™Y) was the dominant anion
followed by bicarbonates (2.43 meq L") and sulphates (1.91 meqL™). The magnesium to
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Table 2: Summary statistics of the chemical composition of groundwater groups in post monsoon season

Group A Group B Group C Group D Group E

Parameters Min Max Avg. Min Max  Avg. Min Max Avg.  Min Max  Aveg. Min Max  Avg.

rH 768 792 1774 719 776 762 7.59 7.68 7.64 731 769 762 7.56 7.51 7.44
EC @S m™ 054 126 086 092 209 146 112 1.54 1.29 052 1.82 1.08 0.72 1.63 1.18
Ca (meq L™ 246 392 337 1.73 269 221 222 4.22 2.88 1.89 244 219 2.33 244 239
Mg meq L™ 236 291 252 269 3.80 3.22 3.17 3.76 3.47 1.94 3.12 240 1.96 228 212
Na(meq L™ 0.87 137 114 292 3.98 3.44 1.26 2.72 1.90 1.08 212 1.74 1.08 1.58 1.53
K (meq LY 0.08 061 029 009 038 0.25 0.08 0.64 032 009 061 0.28 0.14 017 0186
HCO;(megL™ 3.80 514 450 151 262 215 3.14 3.57 332 214 3.61 2.84 3.09 3.74 3.42
Cl (meq Li™%) 082 132 114 245 412 331 2.23 3.486 267 1.64 2.60 195 5.12 6.53 582
SO, (meq L7 082 110 0.93 067 164 1.08 0.82 1.20 097 058 162 0896 0.92 1.04  0.98

Mg/HCO; 045 075 057 119 2.07 154 0.94 1.13 105 061 1.22 087 0.52 0.74 063
NaCl 086 133 101 0.86 161 1.08 051 1.22 074 062 1.33 081 0.21 0.24 023
HCO,/C1 299 5662 407 037 093 067 1.03 1.53 1.27 1.15 2.03 1.49 0.57 0.60 0.59
Mg/Ca 114 152 134 054 082 069 0.62 112 082 078 1.25 0893 1.07 1.19 1.13

Table 3: Summary statistics of the chemical composition of groundwater groups in summer season

Group A Group B Group C Group D
Parameters Min Max Aveg. Min Max Avg. Min Max Avg. Min Max Avg.
pH 7.54 8.01 7.76 7.52 7.83 7.70 7.53 8.01 7.74 7.54 8.48 8.02
EC(@Sm™) 251 5.98 4.25 0.98 3.26 2.20 0.95 2.45 1.76 0.83 1.93 1.34
Ca (meq L™Y) 2.38 4.42 3.52 2.40 4.41 3.13 2.14 2.87 2.45 2.61 4.81 3.84
Mg (meq L7Y) 3.30 7.21 5.09 2.61 5.93 3.78 2.62 4.31 3.22 2.42 4.36 2.86
Na (meq L™ 6.34 10.44 8.56 1.94 3.15 2.53 1.86 411 2.70 1.19 1.69 1.42
K(meg L' 0.17 0.59 0.34 0.18 0.97 0.47 0.09 0.99 0.34 0.08 0.87 0.37
HCO; (meg LY 1.52 3.26 2.43 3.45 3.83 3.63 2.27 3.63 3.05 3.95 5.31 4.76
Cl (megq LY 4.60 14.58 8.94 4.79 7.79 5.79 1.80 3.20 254 1.03 1.51 1.33
SO, (meq L)  1.08 250 1.91 1.08 1.68 1.35 0.75 1.67 1.24 0.88 1.36 1.12
Mg/HCO; 1.25 3.35 2.19 0.68 1.63 1.05 0.73 1.33 1.07 0.45 0.83 0.61
NaCl 0.72 2.08 1.05 0.28 0.66 0.47 0.62 1.71 1.11 0.94 1.33 1.08
HCO,/C1 0.16 0.49 0.30 0.49 0.76 0.65 0.81 1.92 1.25 2.68 4.32 3.63
Mg/Ca 0.47 0.92 0.70 0.74 0.92 0.85 0.566 0.97 0.78 1.03 1.61 1.36

bicarbonate ratio Mg/HCQ,) ranged from 1.25 to 3.35. This waster was identified as Na-Mg-Cl type
and all these wells were associated with sea in terms of less than 1.5 km distance from seacoast,
except well ID 9 and 14. The well ID 9 and 14 was located in estuary landform where brackish
water comes more frequently. In group B (well ID 13, 22, 23 and 24), magnesium (3.78 meq L),
calcium (3.13 meq L") chloride (5.79 meq L™") and bicarbonates (3.63 meq L™') was major ions.
Group B was Mg-Ca-Cl-50, type which was cbserved in four wells (well 1D 13, 22, 23 and 24)
located beyond 3 km distance from the sea.

No dominant (Mg-Na-Ca-Cl-S0,) type water was noticed in group C (well ID 7, 8, 10, 11, 12,
25, 26 and 27) wells. This might be due to the partial mixing of seawater that nullifies
the dominance of particular ions. Ca-Mg-HCO,type water was noticed in group D {well ID 15, 16,
17, 18, 19, 20 and 21). These wells were associated with alluvium lands situated away from
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Fig. 1: Dendrogram using ward’s method for summer season

seashore (zone II and III). This clearly depicted that these wells are not suffered by seawater
intrusion. This was confirmed by the low value (<1} of magnesium to bicarbeonates (Krishna, 1990).
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In post monsoon season, group A (well ID 15, 16, 17, 18, 19, 20 and 21) noticed for
CaHCO, type based on the ion dominance. It depicted that these well water was originated
from fresh water further modified by scil and landforms. The bicarbonates to chloride ratio
ranged from 2.99-5.62 which informed that there was no seawater influence in these
wells. Group B wells (1, 2, 3, 4, 5, 6, 9 and 14) composed primarily of sodium (3.44 meq L),
magnesium  (3.22 meq L™, chloride (3.31 meq L™) and bicarbonates (2.15 meq L™ ).
These wells are strongly influenced by seawater based on its homogeneity with seawater
composition.

In group C (Well 1D 12, 13, 24 and 25) accounted to Mg-Ca-HCO,-Cl water whereas group D
represented the same but with lesser ion concentration. But group K depicted Ca-Mg-Cl-HCO, type
water. In group C, D and E, dominance of magnesium and chloride was higher that indicated the
influence of seawater in these wells. But it was interpreted as partial mixing of seawater based on

the less dominance of these ions.

DISCUSSION

Groundwater was alkaline irrespective of distance from seacoast and seasons. The severity of
alkalinity decreased in post monsoon season due to the dilution effect brought by rain
{Manikandan et al., 2011). The EC of groundwater decreased spatially from seacocast to inlands and
temporally from summer to post monsoon season. The spatial decrease was attributed due to the
decreasing sea water intrusion (Gunnar ef al., 2007) whereas, post monscon decrease was due to
monscon rainfall dilution effect (Rajasekar et al., 2007).

The each group identified had specific chemical composition in water and correlated well with
spatial distance from sea and landform. The Na-Mg-Cl type water {Group A) associated with sea
in terms of less than 1.5 km distance from seacoast except well ID @ and 14. But these well ID 9 and
14 was located in estuary landform where brackish water comes more frequently. The value of
Mg/HCO, was above one which indicated seawater intrusion in this area (Kdet and Okereke, 2001).
It was further supported by the dominance of sedium and chloride coneentration in both
seasons.

Ca-Mg-HCO, type water was noticed in group D wells and were associated with alluvium
lands situated away from seashore (zone II and III). This clearly depicted that these wells are
not suffered by seawater intrusion. This was confirmed by the low value (<1) of magnesium
to bicarbonates (Krishna, 1990). Group B and C had noticed for no dominance of specific ions
and this might be due to the partial mixing of seawater that nullifies the dominance of
particular ions.

In summer, there were only four cluster indicating the less chemical differentiation in
ground water. This might be due to the concentration of ground water due to excessive
evaporation and no fresh water recharge. Further seawater intrusion occurs due to less fresh
water from land. All these homogenize the ground water composition leading to less groups.
Post monscon season exhibited five distinective groups (Fig. 2) of water that was due to the
dilution effect of fresh water through monsoon rainfall. The dilution rate differs with
varying landform and distance from seashore which created more number of clusters in

ground water.
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Fig. 2: Dendrogram using ward’s method for post monsoon season

CONCLUSION

The hydrogeochemical system is very complex in the shallow coastal aquifers and it is difficult
to group the waters based on conventional approach. Cluster analysis has the ability to utilize more
number of variables in an unbiased way for the clustering of ground water. This analysis showed

the similar hydro-chemical groundwater group in the study area in addition to exhibit the influence
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of seawater. The temporal studies clearly identified the areas susceptible to seasonal influence of
seawater intrusion. Thus cluster analysis is more useful for the wise use of ground water in the
coastal region appropriate to location as well as season specific,
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