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Abstract

Clustering technique has received attention in many areas including engineering, medicine, biology and data mining. The
purpose of clustering is to group together data points, which are close to one another. In the present study, cluster analysis is
applied to physico-chemical parameters of Munj Sagar Talab (water body in Dhar, M.P, and India).

Cluster Analysis (CA) was used for analyzing physico-chemical data obtained from Munj Sagar Talab. Seventeen parameters
(Water Temperature, pH, Dissolved Oxygen, Free Carbon Dioxide, Calcium, Magnesium, Total Hardness, Nitrates, Chloride,
Alkinity, Bicarbonate Carbonate Alkalinity, Phosphate, Silicates, BOD, Depth, Transparency and Conductivity.) were measured.
Samples were collected from three sampling locations. This paper illustrates the usefulness of using statistical techniques in
analyzing environmental data for better understanding of the behavior of different parameters.

Keywords: Physico-chemical parameters, Cluster Analysis (CA), Dendrogram, Hierarchical Cluster, Cophenetic correlation

coefficient

Introduction

Cluster analysis is a data analysis tool used to
group data having similar characteristics. It has been
used in data mining tasks such as unsupervised
classification and data summation, as well as
segmentation of large heterogeneous data sets into
smaller homogeneous subsets that can be easily
managed, separately modeled and analyzed. The
basic objective of cluster analysis is to discover natural
grouping of objects. The cluster analysis techniques
have been used in many areas such as manufacturing,
Medicine, nuclear science, radar scanning and
research and development planning. According to
Geetha et al. (1999) the cluster analysis is
multivariable statistical technique applied to analyze
the correlation between the physico-chemical and
biological parameters and grouping them into cluster.
Cluster analysis with dendrogram was reported by
Mruthunjaya & Hosmani (2004), Rana & Bhat (2005),
Praveena et al. (2007) and Abbas et al. (2008)

Materials and Methods

The water samples from three site of Munj sagar
Talab were collected. The physico- chemical analysis
of these water samples was performed as per the
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procedures describe in (APHA, 1985). Parameters
selected for analysis were temperature, pH, dissolved
oxygen, free carbon dioxide, calcium, magnesium, total
hardness, nitrates, chloride, carbonate alkalinity,
bicarbonate alkalinity, phosphate, silicates, BOD, depth,
transparency and conductivity.

The two year data (Nov 2006-Oct 2008) of the
physico- chemical parameters were subject to
statistical analysis of Hierarchical cluster analysis.

Steps to conduct a Cluster Analysis

A common approach to conduct a cluster analysis
is to create a table of relative similarities between all
objects and to use this information to combines the
objects into groups.

The table of relative similarities is called a
distance matrix. The method of combining objects into
groups is called a clustering strategy. The focus is to
combine objects that are similar to one another.

Data matrix

Cluster analysis starts with a data matrix, where
objects are rows, and observations are columns. The
table constructed thereof gives a measure of
similarities or differences between the observations.
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Distances are normally used to measure the
similarity or dissimilarity between two data objects
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Where, d(i,j) indicated distance between ‘" and
th parameter having data values as ‘X’ and 'X’; and ‘g’
denoting the exponent.

Hierarchical Clustering methods

Hierarchical clustering methods do not necessarily
require preset knowledge of the number of groups.
Two general methods of hierarchical clustering
methods are available namely divisive and
agglomerative.

The divisive techniques start by assuming a single
group, npartitioning that group into subgroups,
partitioning these subgroups further into subgroups and
so on until each object forms its own subgroup.

The agglomerative techniques start with each
object describing a subgroup, and then combine like
subgroups into more inclusive subgroups until only one
group remains.

Clustering  Strategy (Unweighted Pair-Group
Average)

In this method, groups once formed are
represented by their mean values for each variable,
that is, their mean vector, and inter-group distance is
now defined in terms of distance between two such
mean vectors. In the average group linkage method,
the two clusters r and s are merged such that, after
merger the average pair wise distance within the newly
formed cluster is minimum. Suppose we label the new
cluster formed by merging clusters r and s, as t. Then
D (r,s), the distance between clusters r and s is
computed as

D(r,s) = Average [d(i,j)] where observations i and
j are in cluster t, the cluster formed by merging clusters
rands.

0
d21) 0
d(3,1) d(32) 0

_d(rll,l) d(r.1,2) 0]

Distance matrix

At each stage of hierarchical clustering, the
clusters r and s, for which D(r,s) is minimum, are
merged. In this case, the two clusters are merged such
that the newly formed cluster, on an average, will have
minimum pair wise distances between the points in it.

Dendrogram
Hierarchical clustering is represented by a two
dimensional diagram known as dendrogram.

Cophenetic Correlation

Cophenetic  correlation (more precisely, the
Cophenetic correlation coefficient) is a measure of
degree of accuracy by which a dendrogram preserves
the pair wise distances between the original non-
modeled data points.

Cophenetic correlation lies between -1.0 to 1.0.
Dendrogram is not necessarily exactly like the data
matrix it represents. We need to know how well the
tree represents the data matrix. The cophenetic
correlation coefficient “c” provides with a partial answer.
It measures how well the dendrogram and
resemblance matrix match.

Result and Discussion

Varies et al.(1989) has reported that the
application of multivariable analysis in combination with
modeled or even descriptive knowledge of the dynamic
system provides an effective tool in the elevation of
statistical relationship in process studied by extracting
the correlation structure of numerous cross concluded
variable it allows them to be expressed in very
condensed form. In the present study the monthly
variations in physico-chemical parameters for three
stations are presented in tables 1 to 3. Distance Matrix
(Euclidean Distance) among the parameters for the
station S1, S2 and S3 are reported in tables 4 to 6
respectively. Clustering strategy for S1, S2 and S3 are
reported in tables 7 to 9. Cophenetic correlations are
reported in table 10. The results are illustrated in
dendrogram on Hierarchical Cluster analysis (figs. 1 to
3).
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Figure 1. Showing dendogram for station S1
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Cluster 2: Bicarbonate alkalinity and Total Hardness

Dendogram of S1 shows following four clusters: Cluster 3: BOD, Water temperature, Phosphate,
Cluster 1: pH, Conductivity, Nitrates, Magnesium, Transparency, Depth and Carbonate alkalinity
Chlorides, Calcium and Dissolved oxygen Cluster 4: Free carbon dioxide, Turbidity and Silicates.

Figure 2: Showing Dendogram for station S2
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Dendogram of S2 shows following five clusters: Cluster 3: BOD, Water temperature, Magnesium,
Cluster 1: pH, Dissolved oxygen, Conductivity and Total Chlorides, and Nitrates and Phosphate,

Hardness and Cluster 4: Free carbon dioxide, Turbidity, Silicates and
Cluster 2: Bicarbonate alkalinity Calcium.

Cluster 5: Transparency, Depth and Carbonate alkalinity
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Figure 3: Showing dendogram for station S3
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Dendogram of S3 shows following four clusters: Cluster 2: Transparency, Depth and Carbonate alkalinity
Cluster 1: Calcium, Dissolved oxygen, Bicarbonate Cluster 3: BOD, Chlorides, Phosphate, Water temperature
alkalinity, Total and Magnesium
Hardness, pH, Conductivity and Nitrates, Cluster 4:, Free carbon dioxide, Turbidity and Silicates,

Table 1 — Showing the monthly variation in physico-chemical parameters at station S1

Depth | Temp | Tran. | Tur Can. pH D0 | Feal ECD o Ha | BAk | Calk 5il Nit. Phes. Ga Mg

NOVEMBER 25130 | 2240 [ 4740 [ 1100 [ 253400 | 7H 750 1040 | 4130 [ 2659 [ 11075 | 760 | 1230 | 097 011 | 1733 | 20
DECEMEER | 24030 | 1650 | 5050 | 900 | 22000 | 781 [ 470 TAD | 3880 | 2876 | 11425 | 1120 | 7A0 | Q8 | 013 | 18A1| 345
JANLARY 21550 | 1840 [ 4310 [ 1500 [ 22600 | 785 | 330 | 030 320 3755 | 2539 | 12325 | 1340 [ 7A0 | 018 014 | 1720 | 389

B FEERUARY 19960 | 2170 3350 | 2200 | 24500 [ 787 [ 8A0 | 0483 350 3750 | 2339 | 12175 | 340 350 | 013 012 | 13830 | 1039
O | M 18540 | 2370 | 3300 | 2800 | 23000 | 783 | 820 | 140 | 980 | 3430 | 2948 | 1775 | 650 | 8A3 | 08 | 043 | 1830 | 114
rh;'l APRIL 15040 | 2430 3010 | 3200 | 24300 | 738 780 | 14 1010 | 4432 [ 3158 | 13750 | &30 960 | 047 018 | 1970 | 1133
g MaY 14020 | 3080 | 2840 | 3800 | 27500 | 80 | 7A0 | 150 | 1040 | 4742 | 3288 | 14350 | 6M0 | 1150 ) 024 | 023 | M0 | 2@
D JUNE 10130 | 3370 2410 | 2000 | 28400 | am 730 | 10 1210 | 4773 [ 3532 [ 15225 | 720 | 1840 | 024 027 | 2400 | 1132
™ L 143560 | 3040 | 2720 | 3500 | 32000 | 786 | 750 1350 | 5515 | 2602 | 12025 | 850 | 1554 [ 024 | Q24 [ 1450 | 11852
AUGUET 18520 | 3150 3010 | 3100 | 30500 [ 778 40 1350 | 4032 | 2534 [ 13520 | 740 | 2040 | 007 020 | 1870 | 944
SEPTEMBER | 24020 | 2050 | 3440 | 2200 | 28400 | 783 [ 650 | 130 | 1240 | 4162 | 2748 | 13252 | 760 | 2640 [ 043 | o043 [4730 [ 8a
OLTORER 25040 | 2850 3340 | 2000 | 25600 | 782 750 | 080 1140 5750 | 2533 | 12550 | 340 [ 2340 | 043 014 | 1740 ) 7383
NOVEMBER | 267.20 | 2040 | 4670 [ 1500 | 24000 | 73 1040 | 3845 | 2545 | 11525 | 1080 | 1280 | 047 | 042 [1s40 [ 705
DECEMBER 25420 | 1940 [ 4880 [ 1200 [ 21500 ) 781 | a5 | 082 320 5820 | 2733 | 11050 | 470 | 1040 | 048 013 | 1760 | 973
JANUARY 21530 | 1750 | 4620 | 1500 | 22400 | 805 | 885 | 031 | 840 | 3820 | 2723 | 12675 | 1080 | 1040 | 048 | 045 [18d0 [ 843

g FEBRUARY 20030 | 1840 3740 | 1800 | 24200 [ 735 [ 859 | L0 a0 3780 | 2350 | 13075 | &40 [ 1120 | 038 017 | 1850 | 12m
O | M 18820 | 2370 | 3140 | 3300 | 22500 | 73 | 813 | 180 | 1000 | 3540 13775 | 540 | 1230 [ 048 | 047 [ 1830 | 1171
r‘rl APRIL 15320 | 2570 2370 | 3300 | 24000 | 738 700 | 150 1030 | 4347 [ 2847 [ 15030 | 550 | 1210 | 013 013 | 840 ) 1237
B MaY 13030 | 2730 | 2560 | 3800 | 27000 | 802 | 720 | &0 3140 [ 321l | 14475 ) 510 [ 1240 | Q21 | 024 | 1350 ) 1241
O JUNE 10010 | 35330 2140 | 3100 | 29000 [ 301 74D | 130 1170 | 5176 [ 3423 [ 14025 | 610 | 1350 | 023 025 | 2130 | 1233
™ L 13020 | 3150 | 2440 | 3700 | 31500 | 782 | GA0 | 034 | 1840 | 5725 | 2600 | 13575 | 7AQ | 1530 ) 045 | 024 | 1340 | LM
AUGUST 17420 | 3050 3140 | 3000 | 3m0 | 173 600 | 150 1520 | 4410 [ 2720 [ 13073 1840 [ o7 020 | 1720 | 1000
SEPTEMEER | 22040 | 3240 | 3640 | 200 773 | GAD | 140 | 1410 | 4520 | 2733 | 12873 2340 | 048 | 048 | 1880 | 1033
OCTDEER 23820 | 2750 | 3840 | 1800 | 25000 | 775 | 7A0 | 130 | 1110 | 4330 ) 2674 | 12275 | 7.0 | 2140 | 049 | 045 [ 1810 | 844
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Table 2 — Showing the monthly variation in physico-chemical parameters at station S2

52 Depth | Tamp ran. | Tur. Can pH | DO | Feo2 | BDD =] Har. ABIIc Calk. | 5il Nit. | Phas. Ca Mg
NOVEMEBER 21310 231 454 104 | 2300 | 73| 85 10 98| 395 | 240 1057 75| 115 | 02 02| 164 72
DECEMEER 21040 16.7 482) 102 | 2180 | 81 | 81 ] 82| 352 | 282 | 1087 104 73 0.2 02 ] 133 78
JANUARY 131 447 | 1742240130 (384 74 848|352 [ 262 | 1182 123 73 (02 03] 182
B FEERUARY 190.0 2138 401 ) 242 | 2400 | 81| 82 1.1 92| 378 | 280 1197 78 839 1786) 104
O MARCH 241 315) 304 (2350 | 83| 74 16| 102 | 368 | 285 | 1212 71 8.5 179 | 104
r?‘ APRIL 231 287 [ 344 (2500 (82 (7.1 171114023277 1302 §4 23 16l 118
8 MAY 311 274 ) 374 [ 2850 | 84| 85 12| 124 | 455 | 230 [ 1357 58| 1235 169 | 121
O JUNE 3532 221) 384 | 2870 | 85| 71 13 ] 134 | 442 | 307 1424 74| 154 201
™~ JULY 3045 287 378 [ 3150 [ 78|72 141441505 [ 233] 1353 84| 1748 123
AUGUET 3138 22.2| 332 73| 82 14 ] 145 | 451 | 255 | 1283 71| 213 | 0z 02| 155 | 102
SEPTEMEER 213.0 227 334 ) 2l2 [ 2780 | 72| 80 18] 132 | 405 | 280 [ 1247 72| 234 183 2.7
CCTOBER 25010 291 357 174 [ 2850 | 78| 70 15 ) 114 | 3382 | 270 1214 73| 244 02 ] 195 T4
NOVEMEBER 259.0 207 447 122 | 2380 | 30| 74 03| 101 | 335 | 255 | 1103 i0d) 124 | 02 02] 174 737
DECEMEER 2450 127 42| 112 | 2130 | 80 | 8.1 10 B85 | 5355 | 2848 | 1183 B84 112 0.2 ] 132 34
JANUARY 181 422 132 | 2180 | 82 | 84 04 891|535 275 [ 1205 24 112 02| 172
g FEGRUARY 1240 20.1 325 174 [ 23508277 14d 24| 381 [ 2845 1287 2] 124 2.2] 132
O MARCH 173.0 24.1 224 312 [ 2380 | 80| 77 15 ) 105 | 57.1 | 292 | 1313 52| 134 0.2 ] 132 | 1132
r?‘ ARRIL 1440 2548 305) 368 83| 54 17 ] 115 | 551 | 518 1253 50 141 03] 188 | 151
B MAY 1130 273 324 ([ 382 346 [ 62 13| 127 | 587 [ 351 14588 53| 132 204 147
o JUNE 240 341 211l) 414 85 | 83 2.1 | 141 | 57.2 | 387 [ 1427 §5) 154 | 02 03| 232 133
™~ JULY 1140 3146 287 382 [ 3080 ) 82 ) 53 11 ] 152 | 622 | 287 [ 1405 73] 131 151 ) 145
AUGUET 311 514|334 [ 2880 [ 74| 63 15[ 181|451 245 1327 §3] 214 145 23
SEPTEMBER 334 348 244 (2700 | 76| 52 15 ] 142 | 405 | 285 | 1265 §7) 224 165 | 100
OCTOBER 281 3574) 182 [ 2580 | 75| 65 17 ] 1231|582 | 250 11948 7A) 258 | 02 02] 134 76
Table 3 — Showing the monthly variation in physico-chemical parameters at station S3
s3 Tamp Tran. Tur. pH 0o Feol BOD a Har. B Al Calk. Sil. Nit. Phas. Ca Mz
NOVEMBER 2330 | 4370 940 | 23700 | 715 7.78 091 930 | 3790 | 2348 | 10840 750 | 1470 | 018 0.15 16.70 6.78
DECEMBER 1690 4350 320 213.00 732 a7 061 8.10 | 3610 | 2645 11080 | 1090 770 | 018 013 1850 7485
JANUARY 21040 | 1930 | 4840 16.10 782 892 041 870 | 3420 | 2619 | 12070 | 1150 750 | 018 0.14 1650 983
B FEERUARY 19580 | 2210 | 4210 2240 7.8 881 0.89 910 | 3740 | 2884 | 115380 820 840 | 018 012 i8.10 | 10.74
D MARCH 13030 | 2440 | 3210 2350 799 819 114 930 | 3640 | 2842 | 12350 690 9.10 | 013 0.13 18.10 | 1032
r?‘ APRIL 15080 | 26.10 | 29.40 3240 798 781 148 1040 | 4550 | 2952 | 12550 650 | 1010 | 020 017 1730 | 1222
L.D MAayY 3150 27.10 3760 a07 738 161 1140 | 4780 | 3221 13220 6§10 | 1350 | 021 022 1830 | 1391
8 JUNE 9290 3750 806 729 158 1240 | 4740 | 3432 | 13870 750 | 1440 | 021 026 2210 ] 1222
~ Juwy 129.50 3840 784 751 0a1 1340 | 5540 | 2582 840 | 1840 | 018 023 1430 | 1152
AUGUST 17330 3160 7.76 g4z 121 1340 ) 4210 | 2474 | 13010 1430 ] 1044
SEPTEMBER 22560 2230 781 651 148 1240 | 3920 | 2689 | 127.70 17.40 3953
OCTOBER 782 748 153 1140 ] 3710 | 2645 | 12450 18.70 773
NOVEMBER 799 801 112 940 | 3790 | 2376 | 11270 17.10 6.66
DECEMBER 791 831 0.a7 830 | 3610 | 2629 11280 1780 449
JANUARY 8.15 841 041 870 | 3410 | 2723 | 12470 1740 9.3
g FEERUARY 7.8 831 112 210 | 3710 | 2915 | 13050 18.10 | 1105
D MARCH 781 7.75 135 370 | 3530 | 2854 | 13350 18.10 | 1044
rTI APRIL 01 721 162 1050 | 4860 | 2970 | 15520 500 | 1310 | 022 0.19 1750 | 1220
™~ MAayY 811 6.78 152 1140 | 5180 | 3228 14870 580 ) 1340 | 024 021 1810 | 1418
8 JUNE 04 741 178 1240 3338 650 | 1420 | 028 027 1248
~ JuLy 781 £.89 078 i3.70 2738 790 | 1780 | 022 0.19 1138
AUGUST .37 6.12 151 1440 | 4210 | 2474 | 14550 630 | 2110 | 018 0.19 1430 ] 1044
SEPTEMBER 754 §38 138 1310 | 3920 | 2684 | 12670 670 | 2540 | 0.19 0.20
OCTOBER 22630 | 29.10 | 3340 1630 | 25000 | 771 7.12 132 1030 | 3710 ) 2560 | 11570 780 | 2640 | 0.18 0.17
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Table 4: Showing Distance Matrix (Euclidean Distance) for station S1

Depth | Temp. | Trans. | Tur. Can. pH Do c:‘2 BOD C Hard. | BAL | CAl [ Sl Rit Phas. | Cal
Depth
a7a
ansparency 273 9.73
Turbidity 1122 | 1135 [ 1208
2235 | 1608 [ 2134
2070 | 1612 [ 1345 ) 2555 | 540
2589 | 2245 | 2438 | 3242 | 1004 | 6386
Free co2 958 | 10480 072 | 428 | 2829 | 2552 | 3151
BD 1033 1020 | 1358 | 1409 [ 1437 [ 2072
1723 1812 | 2124 | 8483 723 | 1337 .10
3138 3107 | 3737|1138 [ 1185 831 | 36556 | 2494 | 1561
5784 | 5221 | 3883 | 4289 | 1687 | 1724|1595 | 4192 | 3039 | 2235 | 883
Carbanate
Alicalinity 483 | 1000 402 | 1039|2255 | 2113 | 2612 | 1047 | 1086 [ 1715 | 3240 3813
Silizates B34 1211 ) 1081 | £54 /278412715 | 3303 | 6355 [ 1588 ) 2227 ) 3831|4378 [ 984
Nitrates 1857 | 1306 [ 1744 | 2343 | 6463 | 557 | 1087 2255 | 1193 | 579 | 1505 | 2042 | 18567 | 2423
Phosphates 927 530 939 533 | 2112 | 2089 | 2882 | 705 | 820 [ 1530 3150 823 | 880 | 1757
Calcium 2454 | 1374 | 2331 ) 3015 | 7.74 557 662 | 2905 | 1832 | 1119 | 1016 1455 | 2485 [ 3082 | 811 [ 2443
Maznesium 1541 228 ) 14978 | 1881 ) 995 | 904 | 1470 ) 1735 | 840 | 430 | 1941 [ 2453 | 1554 [ 2047 | 745 | 1321 ) 1275
Table 5: Showing Distance Matrix (Euclidean Distance) for station S2
Temp. | Trans. | Tur. | Con. | pH oo c:‘2 ED C Hard, | Bk | CAJ | il Nit | Phos. | Cal
Depth
Temperature 1043
587 827
12129 | 1355
2574 | 1777 | 2108 | 1857
2307 | 1543 | 1304 533
2533 | 2083 | 20488 578
334 114 2558 | 2358
ED 1138 208 | 926 | 1317 1679 | 1543 1108
Chiorides 1253 500 | 984 1457 1537 1381 1818 | 1321) 433
Hardnzss 2738 2243 | 3135 | 520 | 588 | 7A0 2334|1810 15482
Brarbanate
Alalin ity 4111 | 3385 [ 3612 | 4527 | 1529 | 1829 | 1882 | 4313 | 32.78 | 3080 | 1480
Carbonats
Alkalinity a4 898 443 200 22358 1874|2255 | 1081 ] 913 [ 1010 2387 [ 3777
Silicates 749 | 10482 [ 1155 | 544 | 2789 | 2523 | 3000 | 480 | 1142 1400 3001 | 4378 | 1008
Nitratzs 10 §.89 783 | 1453 1338 (12388 | 721 | 742 |15843| 3283 | 810 15333
Phasphates 1588 202 | 1253 | 19480 1345 [ 17382 | 842 1271 2818 | 1323 | 1832 | 823
Calcium 8021 | 3340 | 5308 [ 8534 3500 [ 8301|5274 | 5088 | 3440 | 2052 | 5588 | 63352 | 5224 | 4813
|_Maznasiuvm 11352 5351 | 823 ) 1257 ) 1785 ) 1555 | 1985 | 1134 ) 518 | 328 | 1821 [ 3312 | 208 [ 1281 | 881 | 807 | 5318
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Table 6: Showing Distance Matrix (Euclidean Distance) for station S3

Depth | Temp Trans ur. an. pH Do F.ca2 BOD =1 Hard. Bilic Cillie il Nit Phas al

Depth

Tamprazturs | 1015

T 358 | 9.54

Turbidity 11331241 ) 1301

Conductivity 2517 )| 1832 | 2287 | 3077

pH 2091 ) 1552 1842 )| 2695 | 6.10

Dissolved

axygen 2721 ) 2305 2451 )| 2404 | 960 7.96

Free co2 879 (1005 ) 1078 | 5.32 | 2788 2447 2164

BOD 1281 | 452 | 1133 )| 1646 | 1408 | 1165 | 1938 | 1435

Chlorides 1382 | 637 | 1157|1702 [ 1381 | 1090 | 18.24| 1524 | 407

Hardness 2976 | 2355 2737|3501 | 809 922 | 712 ) 3254 1982 | 1873

:E:‘ri:;:a! 2030 ) 2384 2788|3543 | 706 983 | 882 2305[1977 | 1895 456

i:\::::v: 573 | 877 396 (1263 | 2218 1757 ) 2417 1115 1047 | 1085 | 2675 | 2741

Silicates 8.64[1221) 1132 | 6.60 | 3000 | 2674 3386| 561 )| 1613 | 1759 3524 | 3551 | 1163

Nitrates 2392|1768 | 2147|2901 | 643 | 491 | 845 2661 1407 | 1257 | 6.87 7.83 | 2053 29.21

Phosphates 9.65 | 3.24 9.19 10759 | 2020 1707 ) 2441 | 862 | 6.81 7.54 (2497 | 2546 8.28 | 1117 1834

Calcium 3009 | 2463 | 2761 | 3618 | 969 | 1004 | 634 | 3343( 2101 | 2012 | 368 664 | 2722|3599 839 | 2604

Ma=nesium 1087) 851 ) 9959|1352 (2028)| 1672|2342 1219 939 | 500 | 2472 )| 2489 1025 1433 | 1869) 571 | 26.14

Table 7: Showing cluster strategy for station S1

Cluster 1st Item 2nd ltem Distance
1 Transparency Depth 2.725
2 BOD Temperature 3.289
3 Free co2 Turbidity 4.282
4 Cluster 1 Carbonate Alkalinity 4.423
5 Magnesium Chlorides 4.899
6 pH Conductivity 5.005
7 Cluster 6 Nitrates 6.183
8 Cluster 3 Silicates 6.533
9 Calcium Dissolved oxygen 6.620
10 Bicarbonate Alkalinity Hardness 6.825
11 Cluster 2 Phosphates 7.052
12 Cluster 7 Cluster 5 7.668
13 Cluster 11 Cluster 4 9.770
14 Cluster 12 Cluster 9 10.141
15 Cluster 13 Cluster 8 10.598
16 Cluster 14 Cluster 10 15.968
17 Cluster 16 Cluster 15 23973




Table 8: Showing cluster strategy for station S2
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Cluster 1st Item 2nd ltem Distance
1 BOD Temperature 2.062
2 Magnesium Chlorides 3.955
3 Carbonate Alkalinity Transparency 4.4380
4 Free co2 Turbidity 4,751
5 Cluster 2 Cluster 1 4.957
6 Hardness Conductivity 5.201
7 Cluster 6 pH 5.527
8 Cluster 4 Silicates 5.620
9 Cluster 3 Depth 5.952
10 Cluster 5 Nitrates 7.031
11 Cluster 7 Dissolved oxygen 7.458
12 Cluster 10 Phosphates 8.125
13 Cluster 12 Cluster 9 10.598
14 Cluster 13 Cluster 8 12.655
15 Cluster 11 Bicarbonate Alkalinity 16.500
16 Cluster 15 Cluster 14 24.262
17 Cluster 16 Calcium 49.218
Table 9: Showing cluster strategy for station S3

Cluster 1st Item 2nd Item Distance
1 Phosphates Tempreature 3.239
2 Transparency Depth 3.577
3 Calcium Hardness 3.677
4 Chlorides BOD 4.066
5 Cluster 2 Carbonate Alkalinity 4.845
6 Nitrates pH 4914
7 Free co2 Turbidity 5.332
8 Cluster 3 Bicarbonate Alkalinity 5.602
9 Cluster 7 Silicates 6.106
10 Cluster 6 Conductivity 6.262
11 Cluster 4 Cluster 1 6.311
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12 Cluster 8

13 Cluster 12
14 Cluster 11
15 Cluster 14
16 Cluster 15
17 Cluster 16

Dissolved oxygen 7.426
Cluster 10 8.585
Magnesium 8.902
Cluster 5 10.523
Cluster 9 12.553
Cluster 13 24.401

Table 10: Showing Cophentic correlation at all three station

Station Cophentic correlation
S1 0.761

S2 0.881

S3 0.86

Biggest cluster for S1 and S3 contains seven
parameters while S2 has six parameters in its biggest
cluster. Geetha et al. (1999) also reported three
different cluster group while studding the physical and
chemical parameters and described biggest cluster of
seven parameters.

The values of Cophenetic correlation calculated
for S1, S2 and S3 are 0.761, 0.881 and 0.860
respectively are on higher side.

Conclusion

Since higher values of cophenetic correlation
indicates good similarity between data matrix of
parameters and dendogram, the conducted cluster
analysis stands justified.

The cluster analysis of station S1 and S3 indicates
that they are alike on the basis of physico-chemical
nature. However, station S3 showed slight variation
from S1 and S2 in cluster forming showed that its
physico-chemical properties are different from station
S1 and S3. In authors opinion it may be due to the
presence of anthropogenic activities which were absent
in station 1 and 3.
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