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Abstract: An attempt was made to study the physico-chemical parameters of Savitri river water using multivariate
statistical techniques such as principal component analysis (PCA) and hierarchical cluster analysis. In this study,
data of 26 water quality parameters for six sampling locations were analyzed during monsoon, winter and summer
season of June, 2004 to May, 2007. Scree plots for the eigenvalues obtained in this study shows pronounced seasonal
change in slope. Water Quality Index (WQI) values were found to be increasing during the seasons and indicate the
deterioration of water quality in summer season. Cluster analysis demonstrates that the surface water character
changes significantly with seasons.
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Introduction

Assessment of seasonal change in surface water quality
is an important aspect for evaluation of temporal
variations of river pollution due to natural or anthro-
pogenic inputs of point and non-point sources.
Agricultural, industrial and urban activities are considered
as being major sources of chemicals and nutrients to
ecosystem (Ouyang, 2006; Khan et al., 2009). The
degradation of water quality due to various contaminants
has resulted in altered species composition and decreased
overall health of aquatic communities within the river
basin (Durell et al., 2001).

Due to spatial and temporal variations in water
chemistry a monitoring programme that will provide a
representative and reliable estimation of the quality of
surface waters is necessary. Thus, monitoring programme
including frequent water samplings at many sites and
determination of a large number of physico-chemical
parameters are usually conducted, resulting in a large

data matrix, which needs a complex data interpretation
(Chapman, 1998; Fakayode, 2005; Dwivedi and Pathak,
2009). The evaluation of water quality in developing
countries has become a critical issue in recent years
(Ongley, 1998), especially due to the concern that fresh
water will be a scarce resource in the future whereas
water monitoring for different purposes is well defined
(e.g. aquatic life preservation, contact recreation, drinking
water use) (Chapman, 1992; WHO, 1987).

The problems of data reduction and interpretation,
characteristic change in water quality parameters and
indicator parameters, and identification can be
approached through the use of the principal component
analysis (PCA), principal factor analysis (PFA) and
cluster analysis (Ouyang et al., 2000). The multivariate
analysis techniques are used to explain the correlation
among a large number of variables in terms of small
number of underlying factors without losing much
information (Meglen, 1992). The intention underlying
the use of multivariate analysis is to achieve great
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Figure 1: Seasonal variation in water quality index (WQI) of
different sampling locations.

efficiency of data compression from the original data and
to gain some information useful in the interpretation of
the environmental geochemical origin. In recent years,
the PCA and PFA techniques have been applied to a
variety of environmental applications (Ouyang, 2006;
Gangopadhya et al., 2001).

Water quality indices (WQI) permit us to assess
changes in water quality and to identify water trends
(Chapman, 1992). A quality index is a unitless number
that ascribes a quality value to an aggregate set of
measured parameters. The WQI gives a number that can
be associated with a quality percentage, easy to
understand by everyone and based on scientific criteria.

Materials and Methods

Study Area
The study area of Savitri river basin located near Mahad
of Konkan region in India at 18° 05¢ North and 73° 25¢
East. Mahad industrial area lies on the right bank of
Savitri river. It is one of the major rivers in the Konkan
region. It starts at Mahableshwar, flows through the hilly
area and merges into the Arabian sea which is 40 km
away from the Mahad. Kalu river, Gandhari river and
one water stream (which flows through the industrial
area) joins the Savitri river. Sewage of Mahad city is
also discharged into the river. Pharmaceutical, pesticide,
dye and dye intermediate industries are located in Mahad
industrial area that discharges large quantities of waste
water in the river and hence pollutes the river.

Sample Collection
Samples were collected during the monsoon, winter and
summer seasons of June 2004 to May 2007 from Savitri
river and one canal/stream that joins Savitri river. All
samples were collected in pre-cleaned HDPE sample
container of 2000 ml capacity. Sample containers were
completely filled with water sample to eliminate any

headspace and dissolution of oxygen from air. Prior to
collecting the samples, bottles were rinsed with sample
water. After sample collection, the containers were
labeled, wrapped with parafilm and stored on ice for
transport. All samples were stored in laboratory in their
original containers at 4oC.

Analysis of River Water
The physico-chemical analysis of water quality
parameters were analyzed by following the Standard
Methods by APHA (1992). Cation and anion analysis
were carried out on Ion-Chromatograph instrument
(Make-Metrohm). Eluents used for anion analysis was
3.2 mM Na2CO3/1.0 mM NaHCO3, column used:
A-SUPP-5, Flow rate: 0.7 ml/min, pressure: 10.6 Mpa
and for cation column used was Metrsep C2-250, eluent:
4 mMol/L tartaric acid/0.75 mMol/L dipicolinic acid,
flow rate: 1ml/min and pressure 10.1 Mpa was
maintained.

Results and Discussion

Water Quality Index (WQI)
Water quality indices for major Indian rivers were
reported and it was found that the WQI values were above
100 implying that the water of these rivers was not fit
for human consumption without proper treatment (Tiwari
and Manzoor Ali, 1998).

In the present study, WQI (Figure 1) for Savitri river
reveals the information regarding the status of water
pollution at all six sampling stations of study area. WQI
values at all locations and during all seasons are above
100 except sampling station (IV); this indicates that river
water is not fit for drinking purpose. WQI values for
sampling stations I, II and III are approximately equal
for monsoon season of year 2004 and summer season of
year 2007 but shows variations for other seasons (Figure
1). Water quality index values for stations V and VI were
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Figure 2: Component score plots of PC1 and PC2 for each season of the sampling period.

increased by 20% in summer season during the period
Summer-2005 to Summer-2007. In the monsoon season,
WQI values were doubled but these values are ranging
200-600. WQI values decreased in winter season of the
year 2005 and again increased in winter-06. Savitri river
water quality was observed deteriorated during the
sampling period Jun-2004 to May-2007.

Principal Component Analysis
In PCA, eigenvalues are normally used to determine the
number of principal components (PCs) retained for

further study (Y. Ouyang et al., 2006). Number of
components are equal to the number of variables in PCA.
However the component is not only comprised of a single
variable but rather all variables used in a study. For
example, there were 26 variables used in this study, which
produced 26 components. Principal components were
extracted from the correlation matrix and with
eigenvalues greater than one. Principal component score
plots for PC1 and PC2 are shown in Figure 2.

Scree plot for the eigenvalues obtained in this study
shows pronounced seasonal change in slope (Figure 3).
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It implies that there was a seasonal variation in the
physico-chemical character of the river water. Eigen-
values of first component for first year (Jun 2004 to May
2005) were in monsoon season (16.2), in winter season
(17.2) and in summer season (16.5). For second year (Jun
2005 to May 2006) these values were in monsoon season
(17.5), in winter season (20.1) and in summer season
(17.7). In third year (Jun 2006 to May 2007) values were
in monsoon (18.3), winter (20.3) and summer (18.8).

Data of component loading for the three years is given
in Table 1. Principal components having eigenvalues
greater than one were retained for this study. In the present
study, it is observed that during the monsoon season of
three years, the variance obtained for the retained
principal components were 92.4%, 91.2% and 90.1%
respectively. Most of the variables were positively loaded
in PC1 for monsoon season of the year 2004 except
temperature and dissolved oxygen (DO). However,
during monsoon 2005, these variables were negatively
loaded except temperature, pH and DO. Most of the
variables again in Mon 06 were positively loaded except
pH and DO.

In winter season, variances obtained was 83.7%,
90.2% and 89.7% respectively. Maximum number of
variables were negatively loaded in Win-04 and Win-05
but positively loaded during Win-06 other than pH and
DO. In summer season, variance obtained was 96.3%,
92.5% and 92.4% respectively. Most of the parameters
were negatively loaded during the summer season of all
three years. DO have positive loading in summer of each
year; however pH had positive loading in Sum-06 and
Sum-07, negative in Sum-05. Turbidity shows positive
values of component loading in PC1 during the Sum-05
and Sum-06 but had negative in Sum-07. Phosphate had
positive component loading only in Sum-05. Overall %
of variance values were higher in monsoon then

decreased in winter and again increased during the
summer season.

Cluster Analysis
In this hierarchical cluster analysis study, squared
Euclidian distance and Ward method is used to construct
dendrogram. A low distance shows the two objects as
similar or close together whereas a large distance
indicates dissimilarity. Dendrograms of cluster analysis
for different sampling stations and for the monsoon,
winter and summer seasons of three years are shown in
Figures 4, 5 and 6. Sampling station IV had identical
cluster for all the three seasons which indicates that not
appreciable variation was observed in water quality
during the sampling period. Sampling stations V and VI
clustered together in summer and winter seasons whereas
this was not maintained in monsoon. Variation in
clustering of sampling station I was observed with other
locations seasonally and year-wise. Sampling location
III clustered with different groups for monsoon and
winter but this cluster was not retained in summer season.

Conclusion

In this study, surface water quality data for 26 physical
and chemical parameters collected from six monitoring
stations of Savitri river were analyzed using PCA and
cluster analysis. Data shows the seasonal variation from
monsoon to summer. Water Quality Index values are
higher in summer season and at locations V and VI. PCA
analysis demonstrated that the seasonal water quality
parameter variations must be considered to evaluate the
pollution load and effect of parameters on water quality
because the parameter that is important in contribution
of water quality for one season may not be important for
other season. Cluster analysis implies that most surface
water samples collected from the same location were not

Figure 3: Scree plot of each season for the period of 2004-2007.
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Figure 4: Dendrogram of hierarchical cluster analysis for monsoon season of three years. ( I, II, . . . Sampling
Stations, M - Monsoon, W - winter, S - Summer and 04, 05, 06 - year 2004, 2005, 2006)

Figure 5: Dendrogram of hierarchical cluster analysis for winter season of three years.

Figure 6: Dendrogram of hierarchical cluster analysis for summer season of three years.
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clustered together especially for summer season and this
demonstrates that Savitri river water characters change
significantly with seasons.

References

APHA (1992). Standard Methods for the Examination of Water
and Wastewater, 18th Edition. American Public Health
Association, Washington, DC.

Chapman, D. (1992). Water Quality assessment. In: Chapman
D on behalf of UNESCO, WHO and UNEP. Chapman and
Hall, London, 585 p.

Dwivedi and Pathak (2009). Study of trace elements in
Mandakana river water at Chitrakoot. Indian Journal of
Environmental Protection, 29(2): 131-136.

Durell, G.S., Sea Vey, J.A.and J. Higman (2001). Sediment
quality in the lower St. Johns river and Cedar-ortega River
Basin: Chemical contaminant characteristics. Battelle,
Duxbury, M.A.

Fakayode, S.O. (2005). Impact assessment of Industrial
effluent on water quality of the receiving Alaro river in
Ibadan, Nigeria. AJEAM-RAGEE, 10: 1-13.

Gangopadhyay, S., Gupta, A.S. and M.H. Nachabe (2001).
Evaluation of groundwater monitoring network by principal
component analysis. Ground Water, 39(2): 181-191.

Helena, B., Pardo, B., Vega, M., Barrado, E. and Fernandez
(2000). Temporal evolution of groundwater composition
in an alluvial aquifer by principal component analysis.
Water Res., 34(3): 807-816.

Khan, M.M., Admassu and H.R. Sharma (2009). Suitability
Assessment of Water Quality of river Shinta and its impact
on the users: A case study from Gondar Town of Ethiopia.
IJEP, 29(2): 137-144.

Kuppusamy, M.R. and V.V. Giridhar (2006). Factor analysis
of water quality characteristics including trace metal
speciation in the coastal env. system of Chennai, Ennore.
Environmental International, 32: 174-179.

Manly, B.F.J. (1986). Multivariate statistical methods: A
Primer. Chapman and Hall, London.

Meglan, R.R. (1992). Examining large database: A chemo-
metric approach using principal component analysis.
Marine Chemistry, 39: 217-237.

Ouyang, Y. (2005). Evaluation of river water quality
monitoring stations by principal component analysis. Water
Res., 39: 2621-2635.

Ouyang, Y., Nked-Kzza, P., Wy, Q.T. and D. Shinde (2006).
Assessment of seasonal variation in surface water quality.
Water Res., 40: 3800-3810.

Singh, K.P., Malik, A., Singh, V.K., Mohan, D. and S. Sinha
(2005). Chemometric analysis of ground water quality data
of alluvial aquifer of Gangetic plain, North India. Anal.
Chem. Acta., 550: 82-91.

Tiwari, T.N. and M. Mishra (1985). A preliminary assignment
of water quality index to major Indian rivers. Indian Journal
of Environmental Protection, 5(4): 276-279.

Yagow, G. and V. Schnholtz (1996). Procedure for indexing
monthly NPS pollution loads from agriculture and urban
fringe watershed. In: Proceedings of watershed 96
conference (accessible in electronic format through internet
at http://www.epa.gov/search 97 cgi.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [540.000 720.000]
>> setpagedevice


