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cause high salinity even greater tlmn- scqwalgr (Allison et 4
1990). Besides, anthropogenic contgm:qat:on 1S anothc_r Maje,
cause of water quality deterloratl-on. ‘ Pretservatnon of
groundwater quality and its contamination is g S€rioys
Eomprehcnsive theme of concern toc‘ié}y. Groundwater qualit,,
differences effect from natural conditions and anthropogemc
activities. Natural conditions alter groundwater quality by
means of recharge and discharge, mineral dissolution, flgy,
paths, residence times, and mixing fresh ground'.water with
residential water or intruded seawater. Anthropogenic activitieg
affect groundwater quality through the vadose zone leaching of
contaminants due to accidental spillage, leakage, and
Inappropriate application of chemicals at the land surface; the
intrusion of water with high dissolved solids due to
groundwater withdrawals(Boniol 1996).

processes such

Recently, an extensive number of researchers have shown an
increased consciousness in the use of multivariate statistica]
analysis and geostatistical techniques to achieve a sustainable
exploitation of groundwater resources (Babiker et al. 2007:
SheikhyNarany et al. 2014). Multivariate statistical analysis
such as cluster analysis (CA), analysis of variance (ANOVA) and
principal component analysis /factor analysis (PCA/FA) can be
used to analyze large groundwater quality datasets without
losing important information. They can play the important role
of verifying temporal and spatial differences caused by natural
and anthropogenic influences (Liu et al. 2011; Dehghanzadeh
et al. 2014). In addition, they have been efficiently and widely

2008; Koklu et al. 2010; Belkhiri and Mouni 2014), evaluation
of the hydro chemical characteristic of groundwater (Cloutier et
al. 2008; Papatheodorou et al. 2007; Yidana 20 10),
identification of groundwater contaminations (Kim et al. 2009;
Belkhiri et a]. 2010) and design of environmental and water
Quality monitoring (Khalil et al. 2010; Ou et al. 2012). The
combined wuse of multivariate statistical methods and
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| | | the spatial variation of
hC teristics and highlighting the major factors influencing
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sroundwater quality (Agoubi et al. 2013; Masoud 2014).
t—prcg_cm work, therefore, focuses on the use of the
IB% - cariate statistical analysis, geostatistical techniques and
a1l -

® ctural equation modelling of groundwater chemistry data to
:‘-:;racteﬁze the groundwater quality evolution process, and to

L-eq-'if\' the controlling factors, which govern the chemical
et

mposition of groundwater.
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study Area . :

vishakhapatnam 1s a coastal port city, often called "The East
ot Jewel”, 1oc_ated in Andhra Pradesh, positioned on the
cast coast of India, settled between the East Ghati hills and
cross the Gulf of Bengal to the east. It is the administrative
headquarters of the Vishakhapatnam district and is also the
seat of the Naval Command of the Indian Navy. Geographically
+he study area is located in between 17° 24' 50.4" N to 17° 29"

31.2" N latitude and 83° 9' 43.2" E to 83° 13' 48" E.Sampling
stations represented in table-1

Table-1 Geological coordinates of Coastal belt of the study
areas

"S.No. | Sampling station Code of [Latitude [Longitude
the
sample
1 Sagar Nagar (BW) SWI1 17.464 N |83.215 E
2 Park Hotel (Bw) SWI2 17.431 N [83.201 E
3 Jodugulapalem (BW) | SWI3 [17.450 N [83.205 E
4 Madhura Wada(BW) SWi4 17.492 N [83.210 E
5 PeddaRushikonda SWIS 17.475 N ‘83.225 E
(BW)
6 ChinnaRushikonda 17.452 N [83.230 E
(BW) SWI6
7 -
Kahma(Bw) ta Temple SWI7 17.421 N 83.200 E
(S Ins Kalinga (BW) SWI8 [17.425 N [83.201 E
9 | Kapuluppada (BW) SWI9 [17.441 N |83.204 E
10 ' Kapuluppada (DW) SWI10 [17.491 N |83.222 E
_Lk Boyapalem (BW) SWI11 |17.441 N [83.162 E
107 ‘ Responsibility of contents of this paper rests upon the authors
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12 | Yendada (BW) SWIl2e (17.465 N a3 315
13 | Chepaluppada (BW) SWII3 117.493 N 83,215 &
14 (‘lu*lpnlnpp:ul;’. (DW) SWIi14 |'7.464 N }{,‘;‘22:) :" '
|15 | Appugahr (BW) SWI15 l:_:’.*’lfil N_8320= ,:_‘
| 16 J Muvvalapalem.Colony SWI16 1'7.996 N H;;qu ,
| | (BW) - b
L]? J Igc;)sons Bay Colony SWI17 17.441 N 83.205 3 J
(

| 18 | Vuda Park Road(BW) | SWI18 [17.435 N |33 202 5~
[ 19 | Jalaripeta(BW) SWI19 117.437 N _[83.504 1
[ 20 | Fishing Harbour(BW) | SWI20 [17.414 N 83.180 | —

Material and Methodology
Twenty bore well water samples were collected in Sterilizeq

plastic bottles, all the sampling containers were washed ang
rinsed thoroughly with the groundwater to be taken angq
analysed physico chemical characteristics according ¢,
theprocedure Prescribed by APHA (2005) inchemistry
laboratory. pH analysed by using pHmeter of ELICO L1615
Model and conductivityof the water samples were determineq
by usingdigital in the laboratory. The -classical methodof
examination applied for estimation of totalhardness by using
EDTA and EBT indicator,calcium, magnesium, carbonate,
bicarbonate bymethyl orange and phenolphthalein and
chloridedetermined by an argent metric method. Totaldissolved
solids (TDS) were estimated fromcation and anion content by
calculation method(Hem 1991). Sulphate, Phosphate, and
nitrate ofthe water samples were estimated by UV,
visiblespectrophotometer, SHIMAD2U UV-1800Model. Na*, K*
were determined by using aflame photometer, ELICO CM-378
Model.Heavy metals like Iron, Chromium, Copper,Zinc, and
Lead analysed by using AtomicAbsorption Spectra photometer

AA-400 model,

3.1 Data Treatment and Multivariate Statistical technique

Recently, multivariate statistical studies have been applied
extensively to investigate environmental phenomena (Yidana et
al. 2008). Multivariate statistical techniques can help to
shortened and establish large data set to provide meaningful
vision. In the present study, three multivariate statistical
techniques were applied to assess groundwater quality in the

study area.
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3.1.1 Cluster Analysis

Cluster analysis is an exploratory data analysis tool that
purposes al l‘t'\“‘il“‘”'if*«'liinn varies objects into HI:UII[)Q in a way
that the degree of resemblance within the matters is utmost if
they belong to the same group (Guzman-Guzman 1989). To
carry out the cluster study, EC and concentrations for Ca?*,
Mg?*, Na*, K*, CI, SO.42, HCO-s and NOj3, were used as
variables. The dataset was treated by the Ward’s method of
linkage with Euclidean distance as measure of comparison.

3.1.2 Pr?ncipal Component Analysisis extensively applied to
analyse mte-rrelationship among different sets of groundwater
hydro chermgal data to extract the most considerable issues
and to diminish the data with minimum loss of information
(Mustapha and Aris 2012; Schaefer and Einax 2010). In this
investigation, PCA is suitable tool to hydro chemical data from
the origins to extract the principal factors corresponding to the
different sources of variation in the data and to identifying the
spatial basis of contamination in the study area.

3.1.3 Analysis of Variance One way between subject effect
analysis of variance (one-way ANOVA) compares the variance
between the different sets with the changeability within each of
the group. A one-way ANOVA between group examines was
conducted to explore the mean variances between the bunch
groups recognized in the last steps as outlined using
multivariate statistical analysis by pollution source.

4 Results and Discussion

4.1 Cluster Analysis

The resulted dendrogram (Fig. 3) grouped all the eighteen
sampling wells into two statistically significant clusters. The
clustering procedure generated three groups of sites in a very
convincing way, as the sites. Group A comprised sites Sagar
Nagar,Jodugulapalem, Madhura Wada, PeddaRushikonda,
ChinnaRushikonda,Appugahr, MuvvalapalemColony, Lawsons
Bay Colony, Jalaripeta, which corresponds to 50 % of all the
sample wellsOn the basis of overall chemical composition,
characterized by ion abundances Na*>Ca?*> Mg?*> K*' and
HCO;> Cl'>S042> NOs (meq/l) (Fig. 4). Bicarbonate and
calcium are the dominate ions in this group, the concentration
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of Na* and HCO, varied from 35 mg/l to 250mg/l ana fTom |,
mg/} 10430 mg/l with a mean concentration of If;;,‘;_,.’ ‘_-:.;
294.77 mg/L. respectively (Table 1), The source of I,j,“”“”.,’

IS attributed to natural processes such as tlif-;r:uiurir r]'
carbonate minerals in the presence of soil group B con
Park Hotel (SWI-2), Kalimata Temple (SWI-7), Ins Kaling, (S
8), Boyapalem (SWI-1 1), Yendada (SWI-12), Vuda Parl Re.
(SWI-18)made one group as cluster 2, which corresponds lr;l);‘:l
% of all the sample wells, the order of abundance of Major io:":
in this cluster is Ca2*> Na*>Mg?*> K* and Cl-> HCO,~ SO,
NOs- (meq/l). Magnesium and sulphate are the dominate )
in this group, which shows spatial variation in north, east, angq
north-eastern side of the plain. The concentration of Calciyy,
ranged from 22 to 120 mg/l and these samples exceedeq the
BIS guideline limit of 75 mg/l (BIS, 2012). The value qf
Chloride ranged between 80 and 440 mg/l. Al sample
exceeded the desirable limit of Chloride (250 mg/1) {BIS,QOIQ]
group C comprise Kapuluppada, Chepaluppada(BW and DW].
Fishing Harbour. Sampling stations in group C are highb:
contaminated compared to Group A class. The clustering
pProcedure generated three groups of sites in a very convincing
way, as the sites. the first eigenvalue is 5.449 which accounts
for 54.49 % of the total variance and this constitutes the first
and main factor. The second and third eigenvalues are 1.609
and 1.06 and these accounts for 16.09 and 9,97 %,
respectively, of the total variance Principle component analysis
was applied on the dataset to categorising the spatial source of
pollution in the study area. Two factors with eigenvalues more
than one were extracted from varimax-rotated analysis. The
eigenvalue is the variance explained by a factor, the higher the
value, the more variance they have taken (Awadallah and
Yousry 2012). Factor loadings were classified as “strong”
loading value >0.75, “moderate” loading value between 0.75
and 0.5, and “weak” loading value between 0.5 and 0.3. The
first-factor loading attributed to TDS, TH, SO2-4;, Mg2?*, Ca2-, CL,
K*, and Na*, which explained 54.5 % of the total variability of
the studies' groundwater quality. High factor loading between
these parameters probably indicates the dissolution of
carbonate rocks, evaporite rocks, and chloride salts, which
makes the water slightly salty in some part of the study area,
where wells belong to cluster one is located. The results of first-
factor loading indicate the natural factor impact in the study
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(he second-factor loading explained 16.09 % of the total
.-_\1"'”“_‘. Yl\l‘ 'Il\t"l\‘ H‘\l\\\'!‘\ H'lllll“ '}””“ivp I(""“”“ rfjf' IA, T”,
ate

e NOa, SO%a The results of factor loading show clear

1'.-11\1‘ of anthropogenic influence in the study area.
o\ n -

_\\-o\':\ 1‘(‘1‘1\“"“(“1 for sampling stations for three years as

yown in the Table- 4,28, 4.29, 4.30 respectively. These tables
_rovide important expressive statistics like the standard
jeviation, mean, a‘nd 95% confidence intervals for each set in a
gependent time. The results of ANOVA revealed that all of the
cations demonstrated significant variation (p value s 0.05)
from one sampling station to another sampling stations for
three years in the study area. The physicochemical parameters
<hown different distribution patterns along the water samples.
The p value of these parameters pH, EC, TDS, TH, Mg2*, Cl- and
s0«2- and EC, EC, TDS, TA, Mg2*, K* Cl- and S0O42- were less
than a value of 0.05. The existing study types of water were
constrained to three different types in pre monsoon. Most of
the water samples (30%) are strategized in the Na+-Ca2+-
Mg2+-Cl--HCO3--S0O42- field. Fifty percent showed Na+-Ca2+-
Mg2+-Cl--HCOS3-type. In Post-monsoon period, 20% showed
Na+-Ca2+-Mg2+-Cl--HCO3--S042- type, 32 % showed Na+-
Ca2+-Cl--HCO3--S042- type and 10 % showed Na+-Ca2+-

Mg2+-Cl- type.This might be due to alkali salts leaching
through rainfall and closure of minerals.

The minimum conductivity ofS520uS/cm was observed at Park
hotel (BW)(2) during post-monsoon in the year 2015 and the
extreme conductivity of 3500 pS/cm was detected fishing
harbor (BW)(20) in pre-monsoon during the year 2014. A
higher concentration of EC due to water drained from
municipal wastewater, runoff water, and groundwater seepage
and it depends on temperature.

The physico-chemical characteristics of groundwater in the
area of investigation are given in table-3. SWI-10,SWI-11,SWI-
12,SWI-17,SWI-20 sampling stations showed higher
concentration of EC due to septic system landfills, nature of
soil hazardous waste landfills dissolved minerals. Higher TDS
concentration showed in all sampling stations due to
dissolution of salt and industrial discharge by rain water which
mainly consists of calcium carbonate, bicarbonate, magnesium

—
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and sodium. Dissolved inorgamc salts, smal]
:i:xﬁ?;eéf organic matter and gases contributed. .SWI 3, .SWI
5, SWI 6, SWI 9, SWI 13, SWI 17, SWI 20 sampling stations
showed higher concentration of alkalinity due to landfills
Hazardous waste landfills, Fertilizers Industrial wastes
Minerals, seawater sampling stations. SWI 1, SWI 3, SWI 9,
SWI 10, SWI 15, SWI 17, SWI 20 sampling stations s..howed
higher concentration of hardness is due to leaching of
carbonate and bicarbonate salts. Water from sites SWI 4, SWI
14, SWI20 are high concentration of chloride due to Irrigation
drainage, brine produced during drilling of oil and gas,
Fertilizers, industrial waste, and landfills. High values of Ca
hardness at SWI-1, SWI-3 site due to dissolution of CaCO3 by
water recharge. Fluoride and bromide concentrations in all
sampling stations showed below the permissible limi. Higer
iron concentration in sampling stations SWI 3, SWI 5, SWI 6,

and SWI 17 due to Leaching of cast iron pipes in water
distribution systems.

Conclusion

Multivariate statistical analysis, geostatistical techniques and
structural equation modeling were applied to assess the spatial
variability of groundwater quality and to identify the main
factors and sources of contamination. Cluster analysis deﬁngd.l
two major clusters, reflecting dif erent: hvdrochemioat
processes. Application of principal component a4 m @l o
that natural and anthropogenic facto '
groundwater contamination, which

of the total variance. Natural pr
evaporite and carbonate
eastern sides, which w
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other sites such as SWI-10,SW]-1 I,SWI~]2I é‘\;}'}li{ﬂt{vl;“]‘z”( fr".
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mndermely pollu'fed;‘ F1j0m the above results continuc

groundwater monitoring is required by establishing o 'llt-]lJ JL.JT
monitoring network in the study area for re u]arﬁzi‘] pos
will be useful for the proper managemegt of d::sffﬂﬂfﬂﬂrjt
resources and it require proper treatment like ﬁltrat(;o Walf-(lj'
disinfection and management tq make its suit b‘l'n a?

nousehold uses. s D
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Table-3: Site wise One-way analysis of variance (ANOVA) for
salt water intrusion area during pre an post monsoon in

2016
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Table-3: Ionic ratios forboth seasons
Salectad N=1T T Mel= CI-TA CaZeiS04.
’:m CLTA <HCO-3

=5 [PrXT [Posthl [PraXl [Posthl |PreM [Posti |Pra-M [Post-M

SWi1 0.50 049 | 4.10 538 | 1.00 115 | 032 0.35
SWI2 042 043 291 320 | 0.86 094 | 028 0.26
SWi3 0.52 0.55 | 320 150 | 089 | 096 | 027 025
SWI4 0.63 067 | 1.96 1.58 | 1.08 111 | 018 | 015
SWIS 0.63 0.71 | 240 100 | 073 067 | 018 | 017
SWI6 0.639 0.62 171 233 | 0.62 068 | 016 0.18
SWI7 0.51 0.51 | 4.00 578 | 0.1 093 | 030 | 034
SWIS 0.53 047 | 275 00 | 083 107 | 023 0.30
SWIo 0.61 064 | 143 144 | 076 | 079 | 018 | 017
SWIl0 0.50 045 | 206 | 208 | 1.00 129 | 024 | 023
SWIIL 040 | 036 | 1.75 1.84 | 0.34 108 | 028 | 018
SWI12 0.51 0.59 26 | 225 072 | 075 | 022 0.20
SWI13 0.61 058 | 236 | 267 | 052 1.05 | 021 0.20
SWIl4 060 | 076 | 243 | 271 | 093 100 | 024 | 020
SWIL3 064 | 0359 | 3.04 319 | 088 | 090 | 027 0.24
SWIlé 0.57 069 | 243 | 250 | 092 | 083 | 023 0.23
| swiiz? 053 | 0354 | 240 ] 267 | 052 | 0352 | 022 | 022
~ SWIIS | 049 038 | 3.03 3119 | 068 063 | 025 025

SWIl9 060 | 072 | 440 | 589 | 1.04 | 091 | 026 | 029
" swio | 052 | o057 | 269 | 268 | 119 | 121 | 024 | 022

11

e-4. Sampling site wise T-Test for ionic ratios
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Sig, (2- | Mean 955 Confidence Interval of |

: at tailed) [ Difference | the Difference
Lower Upper

SOH 2.61 7 0.04 1.10 0.20 2,090 e
sSwi2 1.88 7 0.10 1.92 .50 434
SwWi3 2.32 7 0.02 1,02 0.43 184 =~
sSwis 4.01 7 0.01 0.50 0.25 035
SWIS 2.55 7 0.04 0.35 0.07 .84
SWIS 2.73 7 0.03 0.57 0.22 163 |
SWI? 2.58 7 0.03 1.4%9 0.18 2.80
SWIS 2.38 7 0.05 1.38 0.01 2.75
SNE 4.02 7 0.01 0.54 0.23 0.55
SWI0 4.02 7 0.01 0.52 2.25 0.23
Swiid 3.70 7 0.01 0.54 0.3 0.88
SWii2 2.65 7 0.03 0.85 0.10 1.51
SWii3 3.00 7 0.02 0.35 2.20 1.72
swii4 3.34 7 0.02 0.54 0.24 1.43
SWIL5 2.29 7 0.05 .30 0.04 2.65
SWI15 2.00 7 0.03 1.71 £.31 3.72
SWIL7 2.34 7 0.05 1.29 0.01 2.39
SWI18 2:21 7 0.05 1.53 0.1 3.28
SWIL3 2.55 7 0.03 1.20 0.42 2.07
sSWiz0 2.74 7 0.03 1.45 0.19 2.74

Table-5. PCA results summarized the rotated component
matrix of standardized water quality data and the
eigenvalues of each PC for premonsoon and post monsoon

for average values
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