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ABSTRACT The Salem city is one of the fast developing cities in Tamil Nadu. The quality of Ground water is changing as a result of
rapid Urbanisation. 40 ground water samples were collected from the places in and around Salem city, Tamilnadu. They
were analyzed for major cations and anions comprisingCa, Mg, Na, K, CO3, HCO3, SO4 and Cl. Apart from standard

hydro geo chemical methods, applied statistical methods are also used to interpret the chemical relationship with specific process that controls
the quality of ground water.

INTRODUCTION

Salem is one of the fast developing city in Tamilnadu and population
explosion and industrialization have contributed towards rising de-
mand for ground water. The over exploitation of ground water lowers
the water level and deteriorates the ground water quality. Thiruman-
imuthar River is the main and important drainage in Salem city. The
urban sewages are mixed with the natural water which affect the
aquifer chemistry.

Therefore, it is essential to evaluate the relationships among the
chemical variables and to identify the local and regional processes,
which influence the quality of groundwater, using principal compo-
nent analysis.

STUDY AREA

The study area (Map 1) falls within the geographic coordinates of 11°
35'to 11° 47'N and E 78° 4'to 78° 22'E in the SOI Toposheets 58I /1,
581/2, 581/6 and 581/6 cover part of Salem district. The elevation rang-
es from 500 ft to 1200 ft. above MSL with the exception of Yercaud
which is at 4970 ft. above MSL.

GEOMORPHOLOGY

The study area is comprised of several hills and The Thirumani-
muthar river flows from north upland division has a very high drain-
age density. The major source of groundwater is rainfall during mon-
soons. The average annual rainfall is about 852 mm.

GEOLOGY

The study area is mostly underlain by crystalline metamorphic rocks
and Archaean rocks such as Charnockites, Garnet-Sillimanite-Gneiss-
es, Hornblende Gneisses and Alkaline rocks.. The Peridotites and Dun-
ites are exposed in ‘Chalk hills’ where vein type Magnesite occurs

SUITABILITY OF GROUND WATER FOR DOMESTIC USE
The ionic concentrations of water samples from the study are com-
pared with BIS & WHO (Table.1)Standards to identify the suitability for
domestic use.

It is observed from the table that most of the water samples in the
study area meet the acceptable limits to allowable limits of WHO and
BIS guidelines, suggesting that the overall quality of groundwater in
the study area is suitable for domestic use

TABLE-1.

WHO (2011) & BIS (2012) Standards

KEYWORDS : Ground water Quality, Statistical analysis, Salem city,Cations ,Anions

Quality Parameters
Max. acceptable limit | Max. allowable limit
pH 6.5 8.5
DS 500 2000
TH 200 600
Calcium 75 200

WHO (2011) & BIS (2012) Standards

Quality Parameters
Max. acceptable limit | Max. allowable limit
Magnesium 50 150
Sodium 200 400
Chloride 200 1000
Sulphates 200 400
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METHODOLOGY

In order to assess the groundwater chemistry, Forty groundwater
samples (Map-1) were collected from dug and bore wells located in
and around Salem city. These samples were collected analysed us-
ing standard procedures during post monsoon season of December
2012. The concentration of major cations (Na*,K*,Ca?*,Mg ) ,anions
(HCO,,CO, , SO,%, CI) and physico-chemical parameters (pH, EC) in
the water samples were determined.The mathematical and statisti-
cal results have been commutated from statistical package for social
sciences (SPSS V10) software.

RESULTS AND DISCUSSION
Table 2 shows the results of chemical analysis of groundwater sam-
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ples. The Electrical Conductivity of the ground water is varying from
454 to 6873 micromhos/cm at 25°C.The pH varies from 7.1 to 8.3 indi-
cating an alkaline nature. The concentration of TDS is in the range of
366 to 3861 mg /I. According to the classification of TDS (Fetter, 1990)
the groundwater comes under both the fresh (TDS < 1000 mg/I) and
brackish (TDS > 1000 mg/l) categories, in 30% and 70% of the total
samples, respectively. Among the cationic concentrations (Ca?*,Mg?,
Na* and K*) Na* is the dominant ion (19 to 1978 mg /I), followed by
Mg?* (20 to 350 mg/I) followed by Ca** (14 to 240 mg /I) and K (1 to
18 mg /). The Cl is the predominant ion (27 to 2090 mg /I) among
the anionic concentrations (HCO,, CO,, Cl and SO,) and is followed by
HCO, (317 to 885 mg /1), SO, (5 to 355 mg /I) and CO, (17 to 69 mg /I).
The groundwater is generally characterized by Na: HCO,facies in the
fresh environment and by Na:Clfacies in the brackish environment,
thus both the facies.

PRINCIPAL COMPONENT ANALYSIS

For a better understanding of the groundwater system and chemistry,
multivariate analyses can be performed using both chemical species
(major cations and anions) and physicochemical data such as EC, pH
and alkalinity (Kazi et al. 2009). Statistical method is used as an an-
alytical tool to reduce and organize large hydrochemical datasets
into groups with similar characteristics.The basic purpose of such an
analysis is to interpret relationship among the variables used for clas-
sification of original data set. Main advantage of principal component

Table-2.Hydrogeochemical Results of the Samples taken from

analysis (PCA) is to identify patterns by compressing the data by re-
ducing the numbers of dimensions without much loss of information
(Irawan et al. 2009). It is designed to convert the original variables
into new; uncorrelated variables (axes) called the principal compo-
nents, which are linear combination of the original variables (Sarbu
and Pop 2005).Principal component analysis (PCA) is widely used for
analysis and ranking of variables, using SPSS-V10 software package.
In general the first two or three principal components are taken on
the basis of Eigenvalues, which explain the reasonable percent of var-
iance. In the present study, the first three principal components were
utilized, which have Eigenvalues greater than unity, following Kaiser
(1958). Scatter plots between the component loadings and three se-
lected principal components were used for the easy interpretation
and the results.

The principal component solution obtained by Eigenvalues and per-
cent (%) of the variances is given in Table 2. The output of the final
rotated loading matrix obtained from the present data indicates that
the three principal components explain 69.75% of the total variance,
principal component-l (PC-I) contributes 39.10%, principal compo-
nent-Il (PC-11) 15.95% and principal component-Ill (PC-Ill) 14.70% with
11 chemical variables. The number of sampling location are 40 (Table
1) for all the data set. Each principal component can be used to inter-
pret as a specific hydrogeochemical process or processes through an
examination of their loadings.

StudyArea (in ppm)

. Results in ppm
>-No.]Location Ca Mg Na K |HCO co. so,  _[d_ |pH__ |iDs
1 KATTUR-2 16 103 369 |4 |62 0 61 541 |74 1399
2 KATTUR-3 2 50 188 |7 |470 0 48 5783|812
3 PULAYUR 20 68 200 |3 567 0 144|266 |78 |979
4 REDDIPATTY 34 91 BE 580 0 % 28 |72 |876
5 VEDAKUTHAMPATTI 44 23 07 |6 |397 0 108 186 |74 |769
6 ANDIPATTI 202 |7 657 |3 329 0 % 2000 |71 |3480
7 REDIYUR 68 47 69 1 378 0 48 22 |75 |e40
8 ARISIPALAYAM 16 62 77 a5 |2 |45 0 28 682 |78 |1479
9 SHEVAPET 2 65 360 |4 |766 0 78 355 |78 |1268
10 MANIYANUR-2 32 71 548 |2 506 0 74 824 |82 [1799
1 MALANKADU 66 40 338 |1 494 0 129 [337 |73 |11s3
12 MASINAICKENPATTI 63 53 344 |2 s 0 144|532 |76 |1394
13 D.PERUMAPALAYAM 12 190 133 2 |eat 17 355 4% |74 |1619
14 SUKKAMPATTY 48 185 350 |4 |8ss 35 98 61 |75 |1614
15 KUTTATHUPATTY 48 68 239 |7 |33 5 38 603 |76 |1220
16 SENGATTOOR 56 o7 w2 |1 488 69 18 284 |74 |1006
17 ADIMALAIPUDUR 112 |83 w2 [0 |e7 35 5 248 |75 |1053
18 MINNAMPALLI-2 48 37 98 3 |4 0 % 2 |75 |13
19 S NATTARMANGALAM 54 20 0 2 |47 0 144 115 |73 |64s
20 PKOUNDAPURAM-2 43 31 89 0 |470 0 48 7 |74 |517
21 KATTUR-1 36 108 357 |2 |64 0 172|594 |75 |14%
2 M.KOLLAPATTI 54 284 078 |6 |781 0 144 2012 |75 |3861
23 KOMANAICKENPATTI 1 113 732|610 0 124|479 |8 1224
2% MULLATHOPPU 28 30 19 2 329 0 % N ER
25 KODIMENTERUVU 54 68 377 |1 519 0 % 52 |79 |1382
2% ALAGAPURAM 46 49 187 |7 397 0 % 301 |76 |88
27 LEE-BAJAR 34 92 02 |3 567 0 49 346 |76 | 1004
28 KANDAMPATTI 20 106 174 1 580 0 % 36 |79 1027
29 SANJEEVIRAYAN PET-w |34 2% 32 |1 628 0 144 177 |75 |1030
30 GUGAI 40 224 60 |4 |51 52 164|567 |74 |1574
31 KONDALAMPATTY 72 311 32 |14 |47 5 61 170 |74 2322
3 AYOTHIVAPATTANAM 72 350 34 |18 |610 35 w4 1277 |72 |2519
33 PALLIPATTY 240|345 290 13 |67 17 10 993 |73 |2240
34 SUKKAMPATTY 2 48 229 232 |7 |80 35 78 1028 |71 1941
35 ANUPPUR % 204 196 |3 |580 17 39 638 |7 1477
36 ACHANKUTTAPATTY % 112 85 |2 |610 35 28 248 |73 |1105
37 MINNAMPALLI-1 74 62 07 |2 372 0 48 505 |71 1080
38 M.PERUMAPALAYAM 36 4 129 |2 |43 0 % 77 |8 713
39 PKOUNDAPURAM-1 46 34 292 |1 616 0 % 230 |73 |1001
40 KARIPATTI 54 10 23 1 317 0 9% 7 |71 |366
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Table 3. Rotated loading matrix of the chemical varia-
bles of groundwater

sources available in the study area.

PC-lIlis also considered as a lithologically controlled factor.

Rotated Component Matrix(a) |
Component Figure 1a,b&c
! 2 3 SCATTER PLOT for PC+l vs PCHI
pH -0.082 -0.209 0.744
DS 0.984 0.053 -0.123 agl ® cez
Ca2+ 0.411 0.155 -0.696 a6 - & Hs s
Mg2+ 0.807 0452 |-0213 044 » Mg
Na + 0.866 -0.157  |0.143 3 a4 cagh HEO: = A
&
K+ 0.482 0.578 -0.100 a5 03 PMg ] 01 03 05 n7 Mgy
o, 0.131 0.852 -0.040 041 S0.4
HCO 0.44 0.204 0.527 "0
cl- 0.934 0.026 -0.225 o
PCA Fig.la
SO» 0.223 -0.44 0.111
Eigenvalue 3.910 1595 1470 SCATTER PLOT for PCLws PCAIN
% of variance 39.100 15.950 14.700 e
Cum. % 39.100 55050  |69.750 PH P
Extraction Method: Principal C t Analysi 1  Hco.
xtraction Method: Principal Component Analysis. o 4
Rotation Method: Varimax with Kaiser Normalization. ; 0z o 50 N g
A Rotation converged in 5 iterations. ' - — & T H’ = : 2l
45 03 <k o1 03 5 Ofge n& ]
Principal Component Loadings o
Scatter plots of the principal component loadings between PC-l and -6 4 .
PC-Il, PC-I and PC-lIl, and PC-Il and PC-lIl are illustrated in Fig.1. This o
figure can be read for the variation from positive to negative loadings e _—
of each principal component and also the scatter between the princi- o
pal components of the different pairs.
SCATTER PLOT for PC Al vs PC-II
Principal Component - |
Principal component-I is dominated by TDS, Na*, Mg 2* and Cl- on var- -
iables which show higher ‘+'ive loadings (0.807 to 0.984 Table 3) . The s .
TDS, Mg **, K*, HCO,, Ca*, CI~ andCO, plotted in the ‘+'ive region of Fi e -
PC-lin the figure 1b and only HCO, in figure 1c. . SHCO.
4
PC-l is taken as a salinity factor. Salinity is directly controlled by the 80, N n2
° o o : - ne . &6
content Na* and Cl ions which is derived from the interaction of water EF | e , . —
and rock, and gets enriched in the groundwaters due to their higher % 03 py ‘%1“ 03 gl 5% g7 04 i
solubility. Since TDS does in have a close positive relationship with 04 e
Mg?*, Ca?* and Cl ions the variation in the TDS of the groundwater
samples cannot be used to discuss the regional influence of salinity <08 4 #Ca
factor and its modifications locally by the specific field settings of the 0
samples. For example, in the groundwater samples located near the PCl Flgdc
hill areas on the NE part of the study area shows higher TDS because
of the fractures act as conduits for the storage of groundwater. Irri-
gation, return flows and anthropogenic activities are the additional Conclusion

contributors of ions especially Mg, K+, HCO,, Ca**, CO, and Cl. As
the salinity process of PC-l is controlled by water - rock interaction
and anthropogenic activity, PC- is considered as a lithologically and
non-lithologically controlled factor.

Principal Component - Il

PC-Il has higher positive loadings (0.578 to 0.852) of K+ and CO,.
TDS, Mg?*, Ca**, K+ andCl plot on the negative loadings on PC-Il (Figs.
1b and 1c). The PC-llis a process of alkalinity, in which dissolved CO,
played a part. Eight samples (20%) of groundwater samples of the
study area have pH > 8 and others (80%) have pH between 7 to 8.
According to Hem (1991) the alkaline earth elements (Ca** and Mg?*")
lost in waters through ion exchange may latter participate in the
chemical reaction and their by increased pH levels. PC-Il is considered
as a lithologically controlled factor.

Principal Component - Il

PC-IIl has a positive loading (0.527 to 0.744) of HCO, and pH (Figs. 1b
and 1c). The variable HCO, falls on high positive region of PC-Ill. The
higher concentration HCO, can be expected from the crystalline rocks

The groundwater in this region is generally alkaline in nature because
of concentration of Na % and the alkaline nature of pH increases for
upper part to lower part.Based on major constituents, the lower part
is affected by urbanization activities. Particularly the Uthamasolapu-
ram and Pulavari are affected more because of sewages.

Principal component-l is dominated by TDS, Na*, Mg #* and Cl- on var-
iables which show higher ‘+" ive loadings (0.807 to 0.984) in Table 3.
As the salinity process of PC-l is controlled by water - rock interaction
and anthropogenic activity, PC- is considered as a lithologically and
non-lithologically controlled factor.

PC-II has higher positive loadings (0.578 to 0.852) of K+ and CO,.
TDS, Mg?*, Ca*", K+ andCl plot on the negative loadings on PC-Il. PC-II
is considered as a lithologically controlled factor.

PC-IIl has a positive loading (0.527 to 0.744) of HCO, and pH. PC-III
also considered as a lithologically controlled factor.
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