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Abstract: High arsenic in natural groundwater in most of tilleewells of the Purbasthali- Block
Il area of Burdwan district (W.B, India) has redgnbeen focused as a serious
environmental concern. This paper is intendingltsstrate the statistical modeling of
the arsenic contaminated groundwater to identify thterrelation of that arsenic
contain with other participating groundwater parter® so that the arsenic
contamination level can easily be predicted by yamaf) only such parameters.
Multivariate data analysis was done with the cadldogroundwater samples from the
132 tubewells of this contaminated region shows theee variable parameters are
significantly related with the arsenic. Based oesth relationships, a multiple linear
regression model has been developed that estinthtedarsenic contamination by
measuring such three predictor parameters of tlmingliwater variables in the
contaminated aquifer. This model could also beggsstive tool while designing the
arsenic removal scheme for any affected groundwater
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INTRODUCTION vomiting in accompanied with watery diarrhea and
sever weakness (Das 2008). Antimony occurs with
Hur bed as same as arsenic, generally in the fifr
imonite (SkS;) (Siepaket al., 2004). The unstable
S; decomposed via atmospheric oxygenation with
formation of soluble oxide minerals of antimony and
igrated into groundwater (Ashlegt al., 2003) as a
siilar way of arsenic. In comparison to other ¢oxi
metals very little information exists on antimony i

affecting more than 1.5 million of people (De 2008) environmental sample, probably as a result ofats |

which 25% are suffering arsenical skin lesions. T égundwater concentration, normally range from0.1

maximum permissible level of arsenic in drinkingtera ~ ug/llster (]}NHO)' ¢ int ¢ ional level
recommended by World Health Organization (WHQO d O,E or O;.Jtr present mﬂ::‘res ’; rter]gllg)_ngldeve
0.01 mg/liter and in West Bengal it has been adpisb roundwater quaiily survey in the rurbasthall C

0.05 mg/liter by the local authorities. Drinking tea area of Burdwan district (W.B, India) was conducted

. L which is identified as an arsenic polluted areas\{Bis
arsenic concentration in West Bengal ranged frdd® O
to 3.5 mglliter are reported on tﬁose a?fected 20 010, Mondalet al.,2011). Groundwater samples from

. . L : ifferent tube wells were collected from thirty-¢ler
which are in the vicinity of river Ganga (Das 20@&\ .
confined within the member delta zone of the upp 3) affected villages of the study area (Mone&al.,

. 611). The purposes of this article is also to @aire
delta plain. It has been reported by Nstgal., (1996) oo n : .
that water of the intermediate (second) aquifer t&;evfoss;kj)IeAmterrila;l]on f[)ft;Arseﬂlc, tﬁb' Fe, I?.dtpth’l
polluted with arsenic; though in some areas despdit d I_an t?]e bo the 1u ehwe f roug‘lkta Istica
aquifer has been detected where there is no C’BE} €ling on the basic on such water samples.
partition between the second and third aquifer.

Drinking water arsenic contamination

originated from the natural release of arsenic ugho
aquifer and sedimentary rocks (Zandsakal.,2011).

The element is fundamental constitute of SUIph',g?ne hundred and thirty-two (132) tubewell water

minerals of which pyrite like, arseniopyrite, FeAs Samples were collected from different locations of
(McGurie et al., 2001) is the most <abundamPurbasthali Block-II in Burdwan district, West Bahg

Arsenopyrite is highly insoluble in water but due tI S
- s . - ndia, in the month of September to October, 20T
anthropogenic activities (Aktar & Ali 2011) it dislsed samples  were coIIecteF()JI in pre-cleaned _sterilized

via oxygenation with formation of soluble arsenatel vethviene bottles of one liter capacity follogin
arsenite. In West Bengal arsenic species ﬁy y pacity Yy

contaminated drinking water were found to be armengaoiﬁggrcihgrggorﬁoIlés-r\?vea;\éot'gk::)é Cﬁgﬁgmm?ﬁgnl atl th
and arsenite in 1:1 ratio (De 2008). Pyrite oxiolathas ' P y 9

been proven to be the most acceptable hypothesi%ca?ebroa(;r: ;?gwdiﬁ\rmnd'rg?'é;g?rgﬂtggnué?gvﬁ:ﬁ;f:
explain the occurrence of arsenic in ground levalew g

(Fazalet al.,2001). Therefore, the occurrence of arser}(lléirirzghd”i(;é?n ;tfrflérst%%jogﬁgrhsoIY(\;?:i?c:nS:r?;ptl)?;uwere
might be coupled with the presence of iron (Fe) | y 9 ®

water. Analysis of such groundwater in arsenic ihgar;ufthl;b:;gfogs with extreme care and preserved for
zones also indicated the presence of high contaifeo ysis.

(Naget al.,1996). This would strengthen the correlati
between arsenic and iron concentration of grounigmw
more rational. Though several authors also redate
interrelation of groundwater arsenic concentratidtin
Static water level (SWL) (Welch & Stollenwerk 2003
Depth (Chakrabortet al., 2009), pH (Saxena&t al.,
2004) and Age (time) of the wells (Faztlal.,2001) at
a regional level.

Now a day, interest has been also grown
determining of antimony (Sb) in groundwater duetso
similar chemio-toxicological properties (Gibel 199
with arsenic though Sb-induced toxicity is morelenr

Arsenic contamination of groundwater is a majorligub
health concern in West Bengal and elsewhere (Rahrﬁg
et al., 2005). Millions of people have been expose%%z
arsenic through drinking water that comes majandyrf
ground water (Dukeet al., 2005). Chronic toxicity of
arsenic in human from arsenic contaminated drinki
water occurs in 3417 villages over 111 blocks, prify
within 12 districts of this state (Mondat al., 2011),

i%\/IATERIALSAND METHODS

Water Sampling

eagents and standards

Chemical of analytical grade were procured from M/S
Merck India Ltd; and used through the study without
urther purification. To prepare all reagents and
standards, double distilled water was used. All
glassware was cleaned by being soaked in 15% HNO
?ﬁqd rinsed with double distilled water. Each samyds
analyzed three times and the results were found
7reproducible within £ 3 error limit.
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M ethodology following statistical modeling of ground water omet
contaminated region is performed.

The sets of water samples were analyzed in the_ .. I .

Departmental laboratory of Environmental Scienc%?admg Plot of Principal Component Analysis

University of Burdwan (India). The total arsenictain

analysis were estimated by using of atomic absmmpt

spectrophotometer (Model No. GBC HG 30@p Ar-

The loading plot displays the relation among the

Variables. The loading are the weight combininghef

original variable to from the scorer. The loadingtp

Hz flami atJ{/Qa;t?lr; V;'a\éi![?ggﬁgt(oljrﬁe%grog()'s stronic shows the orientation of the obtained plane intieiao

Vis double beem S ec?ro 128®)th 1 cm ugrtz celﬁhe original variable. Hence the loading plot of th
P q §ncipal component analysis based on two principal

was used for spt_ectrophotometric determinati_on of g’ mponents may explain notably the variances of the
and Fe metals in water. The metal contains Wehrgg

estimated using N-phenylbeziumidylthiourea al ture and influences of the selected variabletie T
. i . ading plot of the principal component analysis
Phenanthroline methods for Sb (Shrietsal., 2008) ortrays very well with the correlations of the et

and Fe(De 2008) re:_spectlvely. pl_—l values of the_ wat brameters in thEig. 1. The parameters are symbolized
samples were examined at the site of sample cigliec

i y vectors which have only been indicated for a few
with a portable pH meter (Eutech, pH Tester 3.0)' ariables to avoid cluttering the plot. Variablésttare
Other parameters of these samples like S

. bst important for the model are found on the peip
(?c?vr\)/moggg dIOWZ;ngsgfoar: dg‘;ythga:;bef\:gerus trlzveofﬁsg the loading plot. Conversely, non-influential
website of Public Health Engineering Department ((%lrlables are encountered around the origin of (9.
West Bengal Government (WBPHED) web site
http://www.wbphed.gov.in/main/Static_pages/Arsenic Loeding Flat of Time, Depth, SAL, Arseric, pH, Fe, S
eport/bardhaman.pdf The lowering year of the

, Ti
tubewells help us to determine the Age of the tuddew . ,
with respect to the date of arsenic detection. ol
Statistical analysis of data
§ 0.251
The analytical data was statically analyzed witnlielp | < oH
of SPSS 7.5 and Minitab 15 (trial) software. Th § 0 =3

Minitab 15 was performed for modeling Principd
Component and Cluster analysis along with the fac .o

analysis of Scree plotting. SPSS 7.5 was only exmgo Dot
to develop multi linear regression model. 50l Aseric
SWL
—1I.0 -(;.5 00 OI.5 ]:0
RESULTS AND DISCUSSIONS First Fectar

Fig. 1 Loading plot of the principal component analysishaf

Analysis was preformed against 132 tubewell water studied groundwater.

samples collected from the study area with varied

depths of 15, 27, 28, 30, 34, 35, 37, 43, 55, Bla®d Parameters having significant influences on arsenic
85 meter. The maximum arsenic concentration Wadve noticeably been found to make clusters among
found on that depths are 0.085, 0.027, 0.205, 0.0fmselves. This strong relationship of Arsenichwit
0.091, 0.019, 0.095, 0.076, 0.261, 0.191, 0.120 asfler parameters such as Fe and SWL can explimtly
0.001 mg/liter respectively. Out of 132 samples thisualized in the lower right quadrant of the grapbt
concentration of arsenic in twenty-two (22) sampled (Fig. 1). Similar observations have also been reported
Sb in thirty-nine (39) samples was recorded bel®y other investigators Chakrabortit al., 2009 and
detection limit. The pH values of the water samplggondalet al.,2011 respectively.

shows that it is more or less neutral. The maxin&mn Furthermore, the direction and magnitude of
concentration was found 0.0651 ug/liter in 43 metg#ach vector indicates its importance as a constitok
depth aquifer whereas maximum of Fe was reportedtie samples lying in the direction in which the teec
the 71 meter depth layer as 11.45 mg/ liter. The SV points. Adversely the parameters particularly Tiamel

the tubewells are ranged from 6.00 to 24.54 m&@er. pH in the upper right and left quadrant are less
the basis of the results of the various paramet8es, correlated vector cluster of the graph which only
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enriching the plotting. Dissolved Sb and Depth oext among the pair in compare too other parameterse Tim
also point in the direction of the lower left quant in here is seen to be linked with arsenic also indi¢ae

the plot. However, these variables do not directhxidative dissolution of arsenic mineral which may
correlated with Arsenic but indicating that the eratagain be consider to release of arsenic in grausier
samples contain more Sb at higher Depth. Thesea time variable parameter. The same phenomenon i
findings are very much consistent with the hierarah endorsed by Fazeat al.,2001.

cluster analysighat can be found elsewhere. Group-Il is represented by the stream of Depth,
pH and Sb. The similarity level between Depth abd S
Hierarchical Cluster Analysis is 53.65, showing that the release of Sb is depth

dependent. Cluster analysis strongly supports the
The purpose of the hierarchical cluster analysis wabservation that was found in the loading plot gsial
defined a cluster solution or small number of @ust
solutions that could be analyzed by the hierar¢hi&eree Plot of Factor Analysis
procedure to identify a single final cluster sauati The
clustering algorithm in a hierarchical procedurféactor analysis was used to determinate the relativ
determines how similarity is defined between migtip relationship between arsenic and other water
member clusters in the clustering process. By usipgrameters. The main aim of factor analysis us to
hierarchical cluster analysis, variable were imated explain the variation in a multivariate data setasyfew
to each other according to the maximum similaritigfeictors and also to detect the hidden structure¢hef
Ward's method is the most popular hierarchicalultivariate data. Factor analysis when appliedhi®
algorithm and is recommended as distance meastirewidely different set of sample data appears to Hee t
clustering. Plot of hierarchical cluster with Ward'moderately successful as a statistical tool fomérang
linkage is portrayed ifrig. 2. The Ward’'s method of the relationship between the variables within a cht.
hierarchical cluster analysis which was used irs tlcree plot of eigenvalueBi@. 3) is the most acceptable
study has the advantage of not demanding any pnwethod of this analysis. The Scree plot is a graph
knowledge of the number of clusters which the noeach eigenvalue (Y axis) against the factor witlctviit
hierarchical method does. is associated (X axis). Contribution of factor &dsto

be significant when the corresponding eigenvalue is

greater than 0.8 (Keshavaeti al., 2010).
Dendrogran
Ward Linkage, Corelation Coefficient Distance
SreeFat of Time, Depth, SAL, Arsenic, pH, Fe, S
2114
254
g 14 2y
§ Gouwpl
7 :
2 s 4361 Goupll v 15
53.65 ]
0.701 g
(=)
7200 o 1.0
76.07 0.8
0.00 051 \
Tire SWL Fe Asenic  Depth pH S
Vaidles
0.0
1 2 3 4 5 6 7
Fig. 2 Hierarchical cluster analysis of the studied gowatet Cavporent Nunber

The Group-l is composed by Time, SWL, Fe, Arsenic _ .
and reflected the stronger correlation that maystexpCree Plotkig. 3) displayed that four (4) factors such as

among the parameter in the same cluster. The sitpila’'me, SWL, Fe and Arsenic are very much significant
level between SWL-Fe, Time—SWL, Time-Arsenic af@ntributor with eigenvalues 2.37, 1.17, 1.10 ar@80

displayed in the dendrogram. The position of sWwL-fgspectively. The solution using the eigenvaluefour
in the same cluster and Depth-pH in Group-Il al&mponents which represent 78.86% total cumulative
reflected their very much distinguishable charasties Variance shows that suitable factor analysis witiees

Journal of Urban and Environmental Engineering (JUEE), v.6, n.1, p.*-*, 2012



Roy, Mondal, Das and Das *

plotting. This plot motivated us to also use thendard removal plan while treating the groundwater thatyma
multiple regression analysis as to the effect efdther have contaminated badly with that.
three (3) independent variables on arsenic anesmd
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