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The present study is an evaluation of ground and sur-
face water quality at Balipara, North Brahmaputra 
river basin, Sonitpur district, Assam, India using mul-
tivariate statistical methods. The results show high 
concentration of Fe, Mn, Pb and Cr in groundwater. 
Arsenic was observed in both ground and surface  
water. In the surface water, nitrate content was also 
found to be high. Ward’s method was used for hierar-
chical agglomerative cluster analysis. A close relation-
ship between electrical conductivity (EC) and total 
dissolved solids (TDS) was established by the smallest 
proximity distance between these parameters. Group 
1 comprised of TDS, EC, total alkalinity (TA), F, Ca, 
Pb, Cr and Cl based on proximity distances. Group 2 
consisted of Fe, Mn, As and Group 3 of TH, Mg, pH, 
Zn, SO4 and NO3 in groundwater. In surface water, 
Group 1 comprised of TDS, EC, SO4, NO3, Cl, Zn, pH 
and Ca. Group 2 accounted for Mg and F and Group 
3 for Fe, Mn, TA, Pb, As and Cr. The interrelation-
ships between the contaminants depicted by cluster 
analysis, categorize the contamination levels. Factor 
analyses were applied for understanding the interrela-
tionships between the variables and for identifying 
probable source components. Six factors justifying 
83.64% of the total variance in groundwater and five 
factors describing 81.92% of the total variance in sur-
face water were found responsible for variation in the 
data structure. The relative contribution of all the wa-
ter-quality parameters was best explained by dis-
criminant analysis. 
 
Keywords: Contaminants, groundwater and surface 
water, multivariate statistical techniques, water quality 
parameters. 
 
WATER quality is a major environmental concern across 
the world and is considered to be the main factor influ-
encing health and the state of disease in both men and 
animals. Anthropogenic activity as well as natural proc-
esses degrade ground and surface water, and restrict their 
use for drinking, industrial, agricultural, recreational or 

other purposes1,2. Human activities degrade the ground 
and surface water quality through atmospheric pollution, 
effluent discharge, use of agricultural chemicals, soil ero-
sion and land use3. Annually about 5 million people die in 
the developing world due to water-borne diseases, though 
much of these can be prevented with adequate water sup-
ply4. 
 Rural communities around the world, get their water 
supply directly from rivers or from shallow dug wells. In 
the absence of surface water, groundwater is the main 
source and serves an estimated 20% of the global popula-
tion who live in arid and semi-arid regions5. 
 In the North East states of India, groundwater is highly 
ferruginous6,7 and scanty information is available from 
the water quality of the North Brahmaputra basin, Sonit-
pur district, Assam. There is dearth of data pertaining to 
analysis of water-quality parameters. 
 In the present study, data obtained for 17 parameters 
were analysed during multivariate statistics to find out 
the suitability and potability of ground and surface water. 
 For a better understanding of the water quality and eco-
logical status of the studied systems, identification of 
possible factors/sources that influence water systems, 
multivariate statistical techniques such as cluster analysis 
(CA), principal component analysis (PCA), factor analy-
sis (FA) and discriminant analysis (DA) plays an impor-
tant role by helping in the interpretation of complex data 
matrices and offering a valuable tool for reliable man-
agement of water resources as well as rapid solution to 
pollution problems8–15. These multivariate statistical tech-
niques have been applied successfully to characterize and 
evaluate surface water and groundwater quality15–19. 
 For the present study, the area chosen was Balipara, 
Sonitpur district, Assam, India (Figure 1). The district is 
situated over an area of 5324 sq. m on the north bank of 
the Brahmaputra River. Land use in this area is divided 
primarily among tropical semi-evergreen, moist deciduous, 
grassland, agricultural land and tea garden. The district 
lies between 2630N and 2701N lat. and 9216 and 
9343E long. Agriculture is the main occupation of peo-
ple of this district; tea gardens are the next major control-
ling factor of the economy of the district. The district has 
practically no large-scale industries and is economically 
backward. The primary drinking water sources in the ru-
ral areas of Sonitpur district are shallow wells, shallow 
tube wells and deep tube wells. Lifestyle of the inhabi-
tants and their economic positions affect the water used 
within the home in different parts of the district. 
 Table 1 summarizes the water-quality parameters, units 
of measurement and analysis methodology. Seventy  
water samples, 35 each of ground and surface water  
respectively, were collected from Balipara town. These 
include water samples from shallow wells, shallow tube 
wells and the deep tube wells. The groundwater samples 
from deep tube wells were operated at least 5 min before 
collection to flush out the stagnant water inside the tube 
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Figure 1. Location map of the study area. 
 
 

Table 1. Abbreviations, units and analytical methods used in water quality parameters 

Variables  Abbreviations Units Analytical methods 
 

pH pH pH unit pH-meter 
Total dissolved solids TDS mg/l TDS-meter 
Electrical conductivity EC mS/cm EC meter 
Total alkalinity TA mg/l Titrimetric 
Total hardness TH mg/l Titrimetric 
Fluoride F mg/l Ion selective electrode 
Sulphate SO4 mg/l Spectrophtometric 
Nitrate NO3 mg/l Ion selective electrode 
Chloride Cl mg/l Titrimetric 
Calcium Ca mg/l Titrimetric 
Magnesium Mg mg/l Titrimetric 
Zinc Zn mg/l AAS 
Lead Pb mg/l AAS 
Chromium Cr mg/l AAS 
Iron Fe mg/l AAS 
Arsenic As mg/l Hydride generation AAS 
Manganese Mn mg/l AAS 

 
 
and get fresh groundwater. The containers were first 
washed-off with the water sample to be collected. The 
water samples were collected in one litre polyvinyl chlo-
ride container and were acidified with 10 N (10 ml) nitric 
acid for heavy metal analysis. pH was determined in the 
field at the time of sampling using a calibrated portable 
pH meter (Eutech Instruments, Singapore). Samples were 
analysed for total alkalinity (TA), total dissolved solids 
(TDS), electrical conductivity (EC), total hardness (TH) 
as CaCO3, nitrate as NO3, sulphate as SO4, chloride as Cl, 
and fluoride as F following standard procedure20. 

 Analytical grade reagents and type-I water (Elga Com-
posite vent Millipore filter, UK) were used throughout for 
preparation of working standards. Prior to analysis, the 
instruments were calibrated and standardized as usual. 
TH, Ca and Mg ions were determined by titrimetry using 
ethylenediaminetetraacetic (EDTA) acid as titrant. HCl 
titrimetric method was followed to estimate total alkalin-
ity and argentometric titration was used to quantify chlo-
ride. Fluoride and nitrate were measured using an ion 
analyser (Orion, Thermo Scientific Ltd) equipped indi-
vidually with fluoride and nitrate electrode respectively.  
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Sulphate content was quantified turbidimetrically at 
450 nm using a UV/Vis-spectrophotometer (SPECORD 
40, Analytic Jena, Germany). EC and TDS were measured 
by EC-TDS meter. The heavy metals (Fe, As, Mn, Pb, Cr 
and Zn) were measured using atomic absorption spectro-
photometer (AAS; Lab India AA 7000). The calibration 
curves were constructed for each of the determinants 
prior to analysis as usual. A blank sample was analysed 
between each reading to measure the baseline stability of 
the instrument. Calibration of the instrument was con-
firmed by additionally analysing standard solution after a 
batch of every ten samples. All the analysis was carried 
out in triplicate. 
 Arsenic (As) was quantified by AAS (detection limit 
0.02 g/l). Assuming As (V) may be present in the water 
samples along with As (III), reduction of As (V) to As 
(III) was performed using potassium iodide solution and 
ascorbic acid in moderately concentrated (5 mol/l) HCl 
solution. Time for reduction was 30 min. Next 10 ml of 
reduced water samples was analysed using AAS with 
MHS-15 (mercury hydride generation system). Hydride 
generation was done using argon gas and sodium borohy-
drate. Oxyacetylene flame was used for quantification of 
heavy metals. 
 SPSS 16 statistical software package was used for per-
forming all the statistical calculations. Standardization of 
the data was done by Z-score transformation which ren-
ders the data dimensionless21,22. This transformation also 
increases the influence of variables whose variance is 
small and vice versa. 
 CA is a technique in which the variables are catego-
rized based on their distance or similarity between the  
objects to be clustered23. The analysis categorizes objects, 
so that each object is similar to others in the cluster with 
respect to a predetermined selection criterion24. The  
resulting clusters of the objects should then exhibit high 
internal (within-cluster) homogeneity and high external 
(between clusters) heterogeneity24. Clusters are formed 
sequentially starting with the most similar pair of  
variables and then forming higher clusters step by step in 
hierarchical agglomerative clustering23, and are exempli-
fied by a dendrogram (tree diagram)24. Visual summary 
of the clustering processes as shown by the dendrogram, 
presents a picture of the groups and their proximity with 
a dramatic reduction in dimensionality of the original  
data24. The similarity between the two samples is given 
by the Euclidean distance, which can be represented by 
the difference between analytical values from the sam-
ples23,25. In this study, hierarchical agglomerative CA was 
performed on the normalized dataset by means of the 
Ward’s method23, using squared Euclidean distance as a 
measure of similarity. 
 In PCA, new, uncorrelated variable (axes) called prin-
cipal components (PCs), are obtained from the original 
variables which are their linear combinations24–26. The 
new axes lie along the directions of maximum vari-

ance26,27. PCA provides an objective way of finding indi-
ces of maximum variance28, so that variation in the data 
can be transformed into a smaller set of independent (un-
correlated) variables27. This analytical technique also  
exerts the Eigen values and Eigen vectors from the corre-
lation matrix of original variables. PC provides informa-
tion on the most meaningful parameters and describes a 
whole dataset affording data reduction with minimum 
loss of the original information8,16,28. The mathematical 
expression of PC is as follows 
 
 Z = ai1x1j + ai2x2j + ai3x3j+ … +aimxmj, (1) 
 

where z, a, x, i, j and m denote the component score, 
component loading, measured value of variable, compo-
nent number, sample number and total number of  
variables respectively. 
 PCA is followed by FA. FA is to reduce the contribu-
tion of less significant variables to further simplify the data 
structure coming from PCA28. This can be achieved by 
rotating the axis defined by PCA, according to the rules, 
and constructing new variables, also called varifactors 
(VFs)28. PC is a linear combination of observable water 
quality variables, whereas VF can include unobservable, 
hypothetical, latent variables8,16. To extract significant 
PCs and reduce the contribution of variables with minor 
significance, PCA was performed and then these PCs 
were subjected to varimax rotation (raw) generating 
VFs15,17,28–31. As a result, approximately the same amount 
of information will be obtained by a small number of fac-
tors as does the much larger set of original observations28. 

Mathematically, FA can be expressed as 
 

 Z = af1f1i + af2 f2i + af 3 f3i +…+ afm fmi + efi, (2) 
 
where z, a, f, e, i and m are the measured variable, factor 
loading, factor score, the residual term accounting for  
errors or other source of information, sample number and 
total number of factors respectively28. 
 DA classifies cases into category-dependent values, 
usually a dichotomy28. If DA is effective for a set of data, 
correct percentage will be yielded by the classification 
table28. The most important application of DA is the  
description of group separation in which linear function 
of discriminant variables explains the variation between 
many groups (in this case, two) and relative contribution 
of all variables to separation of the groups is identi-
fied28,32. Another aspect is the prediction of observations 
to groups in which linear or quadratic functions of the 
variable (classification functions (CFS)) are used to as-
sign an observation to one of the groups28,33,34. In the DA 
technique, a discriminant function (DF) is obtained which  
operates on raw data and for each group a discriminant 
function is generated as11,15,17,28,35 
 

 
1

( ) ,
n

i i ij ij
j

F G k w p


   (3) 
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where i is the number of groups (G), ki is a constant in-
herent to each group, n is the number of parameters used 
to categorize a set of data into a given group and wi j is the 
weight coefficient assigned by DA to a given parameter 
(pij). The distance between the means of the criterion  
(dependent) variable is maximized by the weight coeffi-
cient28. The performance of DA is assessed by the classi-
fication table28. 
 The present study shows that the surface water is more 
acidic (5.22) than groundwater (6.36). The low pH indi-
cates the leaching probability of humic acid from the soil 
to the surface water36. Higher concentration of iron 
(5.34 mg/l), manganese (2.12 mg/l), chromium (0.16 mg/l) 
and lead (0.07 mg/l) was observed in groundwater than 
surface water. An interesting observation of the coexis-
tence of Fe and Mn has been reported37. However, where 
this occurs, the concentration of iron is generally found 
greater because it has greater crustal abundance38. All 
these values are higher than the limits set by WHO39 and 
BIS40. The concentration of arsenic (0.02 mg/l) also  
exceeded the desirable limit of WHO39 and BIS40 both in 
ground and surface water. Studies also reflect high con-
centrations of arsenic in the tea gardens of Assam41. On 
the contrary, surface water recorded higher values of  
nitrate (154.49 mg/l) than groundwater. This value is high 
compared to that prescribed by WHO39 and BIS40. The 
high concentration of nitrate in surface water of this area 
would be probably due to the use of chemical fertilizers 
in agricultural farmlands and decomposition of organic 
matter. The source of nitrate contamination in surface 
water may be due to leaching of these plant nutrients 
from the agricultural farmlands42. Table 2 provides the 
descriptive statistics (range, mean and standard error of 
mean (SEM)) for ground and surface water of Balipara 
town. 
 As mentioned earlier, CA was carried out to categorize 
the contamination levels. FA was applied separately to 
ground and surface water datasets to understand the inter-
relationships between the variables and identify probable 
source components. DA was applied to identify the rela-
tive contribution of water quality parameters in discrimi-
nating the ground and surface water. 
 CA was used to determine the pattern identification of 
water quality parameters. Proximity matrix was used to 
determine the distances between the 17 studied para-
meters in both ground and surface water. Proximity dis-
tances range from 0.061 to 115.73 in groundwater (Table 
3). The proximity was smallest between EC and TDS 
(0.061), and largest between pH and Fe (115.73). Group-
ing of parameters was performed based on proximity be-
tween the parameters. This yielded a dendrogram (Figure 
2 a), grouping all the 17 water quality parameters of the 
groundwater into three statistically significant clusters 
(groups). 
 
 Group 1: TDS, EC, TA, F, Ca, Pb, Cr and Cl 

 Group 2: Fe, Mn, As 
 Group 3: TH, Mg, pH, Zn, SO4 and NO3 
 
The proximity between Zn and Mn was 99.0, which is 
larger than that between Fe and Mn (12.45). This indi-
cates good correlation between Fe and Mn and poor cor-
relation between Zn and Mn. The close relationship 
between the grouped parameters reveals similar anthro-
pogenic sources, mainly the use of fertilizers for irriga-
tion; which are discharged into the groundwater. As 
shown in Figure 2 a, TDS, EC, TA, F, Ca, Pb, Cr and Cl 
form a common group. Similarly, Fe, Mn and As form 
one group, while TH, Mg, pH, Zn, SO4 and NO3 form an-
other group, showing that the parameters are related to 
each other. 
 In case of surface water, proximity distances range 
from 1.304 to 123.61 (Table 4). The smallest value was 
between EC and TDS (1.30), while maximum proximity 
was found between pH and Fe (123.61). Figure 2 b. 
shows the dendrogram of surface water, grouping all the 
17 parameters into three statistically significant clusters 
(groups). 
 
 Group 1: TDS, EC, SO4, NO3, Cl, Zn, pH and Ca 
 Group 2: TH, Mg and F. 
 Group 3: Fe, Mn, TA, Pb, As and Cr. 
 
As shown in Figure 2 b, TDS, EC, SO4, NO3, Cl, Zn, pH 
and Ca form a common group, Similarly, TH, Mg and F 
formed one group, while Fe, Mn, TA, Pb, As and Cr form 
another group, revealing their close relationship. 
 Complex linear correlation between metal concentra-
tion in surface and groundwater of the study area was fur-
ther studied by factor analysis. After varimax rotation, 
elements which belonged to a given factor were defined 
by the factor matrix, while those which had strong corre-
lations were grouped into factors. The identification of 
factors is based on the dominant influence of contaminant 
present in the aquifer (Tables 5 and 6 respectively). 
Based on varimax rotation matrix, six factors were  
extracted from groundwater data explaining 83% of the 
total variance; in case of surface water, five factors were 
extracted explaining 81% of the total variance. Tables 5 
and 6 give the Eigen values, total variance and cumula-
tive variance for ground and surface water respectively. 
 For groundwater, factor 1 contributes 26% of the total 
variance of 83% with positive loading on TDS, EC, TA 
and moderate loading on As and Cr. It indicates a strong 
association (r = 0.572–0.894) among TDS, EC, TA, As and 
Cr. EC and TDS control the overall mineralization. The 
influence of EC and TDS is augmented by the ions in the 
following order: TA > As > Cr (ref. 20). Mn and Fe were 
found to have a positive loading contributing to 20% of 
the variance20. The data support the coexistence of Fe and 
Mn38. Factor 3 exhibits 13% of the total variance with 
positive loading on Ca and F and low loading for the 
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Table 2. Descriptive statistics for groundwater and surface water (mg/l) in Sonitpur district, Assam 

Parameters WHO/BIS limits  Groundwater Surface water 
 

pH 6.5–8.5 Range 6.36–7.72 5.22–7.74 
  Mean 7.00 6.80 
  SEM 0.06 0.11 
 
TDS (mg/l) 500–2000 Range 1.5–57.00 5.09–46.80 
  Mean 20.07 16.93 
  SEM 1.94 1.96 
 
EC (mS/cm) 1.5 Range 3.01–114.0 9.0–93.7 
  Mean 40.34 33.15 
  SEM 3.92 4.00 
 
TA (mg/l) 200–400 Range 8.0–172.0 7.5–92.0 
  Mean 64.23 39.25 
  SEM 5.75 3.83 
 
TH (mg/l) 200–600 Range 12–150 21.6–240 
  Mean 61.71 75.30 
  SEM 6.76 8.37 
 
F (mg/l) 1–1.5 Range 0.005–0.92 0.075–0.92 
  Mean 0.12 0.19 
  SEM 0.03 0.03 
 
SO4 (mg/l) 200–400 Range 3.43–23.10 2.70–48.44 
  Mean 11.26 11.32 
  SEM 0.74 1.78 
 
NO3 (mg/l) 45-NR Range 8.19–41.86 8.19–154.49 
  Mean 18.58 45.24 
  SEM 1.48 6.96 
 
Cl (mg/l) 250–1000 Range 28–204 16.32–164.0 
  Mean 70.91 60.71 
  SEM 7.19 5.67 
 
Ca (mg/l) 75–200 Range 2.4–119.2 0.8–49.6 
  Mean 18.00 14.33 
  SEM 3.27 2.26 
 

Mg (mg/l) 30–100 Range 0.49–21.87 1.93–49.57 
  Mean 7.15 9.59 
  SEM 1.21 1.68 
 
Zn (mg/l) 5–15 Range 0.0–0.40 0.052–0.62 
  Mean 0.11 0.246 
  SEM 0.02 0.02 
 
Pb (mg/l) 0.01-NR Range 0.02–0.07 0.0001–0.05 
  Mean 0.045 0.02 
  SEM 0.003 0.0034 
 
Cr (mg/l) 0.05-NR Range 0.00–0.16 0.0001–0.096 
  Mean 0.04 0.025 
  SEM 0.01 0.0055 
 

Fe (mg/l) 0.3–1.0 Range 0.421–5.34 0.112–3.32 
  Mean 1.86 1.27 
  SEM 0.20 0.19 
 

As (mg/l) 0.01-NR Range 0.0001–0.02 0.0001–0.02 
  Mean 0.004 0.002 
  SEM 0.0007 0.00 
 

Mn (mg/l) 0.1–0.3 Range 0.001–2.12 0.001–1.70 
  Mean 0.94 0.68 
  SEM 0.09 0.12 
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Figure 2. Dendrogram showing grouping of parameters in (a) groundwater (b) surface water of Balipara, North Brahmaputra river basin, 
Sonitpur district, Assam, India. 

 
 

Table 5. Factor analysis of groundwater in PHC 1 

Parameters Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 
 

pH 0.112 –0.852 –0.059 –0.162 –0.171 –0.008 
TDS 0.886 –0.017 0.195 0.222 0.201 0.150 
EC 0.894 –0.007 0.195 0.215 0.204 0.135 
TA 0.804 –0.181 0.128 –0.068 –0.358 0.176 
TH 0.115 –0.016 0.056 0.940 –0.094 0.224 
F 0.200 –0.029 0.812 –0.219 0.225 –0.191 
SO4 0.146 –0.149 0.109 0.206 –0.134 0.695 
NO3 0.096 –0.051 –0.274 –0.064 0.192 0.700 
Cl 0.205 0.100 0.527 0.298 0.531 0.427 
Ca 0.163 –0.005 0.947 0.039 0.008 0.044 
Mg 0.109 0.050 –0.135 0.916 0.084 –0.017 
Zn –0.060 –0.679 –0.349 0.083 0.427 –0.020 
Pb 0.139 0.397 0.230 –0.124 0.781 0.030 
Cr 0.572 0.352 0.350 0.182 0.430 –0.097 
Fe –0.062 0.860 –0.229 –0.088 0.173 –0.146 
As 0.621 0.234 –0.180 –0.246 0.042 –0.519 
Mn 0.134 0.902 –0.005 0.003 0.168 –0.178 
Eigen values 4.512 3.435 2.245 1.755 1.238 1.035 
Percentage of variance 26.538 20.207 13.208 10.323 7.280 6.086 
Cumulative variance 26.538 46.746 59.954 70.277 77.557 83.642 

 
 
other anions (r = 0.812–0.947), indicating significant 
complexation of Ca and F in groundwater. The complexa-
tion of F with Ca may be due to the geochemical disposi-
tion influenced by relatively high temperature and 
association of Ca (ref. 43). Factor 4 exhibits 10% of the 
total variance with positive loading on Mg and TH 
(r = 0.916–0.940), showing Mg to be a major contributor 
to TH in the studied area39. Pb and Cl were found to be 
positively loaded and Zn was moderately loaded with 7% 

of the total variance in factor 5 (r = 0.427–0.781). SO4 
and NO3 were found to be positively loaded with 6% of 
the total variance for factor 6 (r = 0.695–0.700). The 
maximum loading (r = 0.700) of NO3 in this factor may 
be reiterating the association of anthropogenic activities. 
This is also supported by the use of NPK fertilizers,  
manure, etc. in the adjoining tea gardens42. Figure 3 a 
shows the loading exhibited by first two principal com-
ponents (PC1 and PC2), while Figure 4 a represents the 
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Table 6. Factor analysis of surface water in PHC 1 

Parameters Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 
 

pH 0.173 –0.803 0.063 –0.337 0.074 
TDS 0.904 –0.289 0.131 0.030 0.058 
EC 0.906 –0.312 0.155 –0.056 0.058 
TA 0.037 0.852 0.076 –0.165 0.160 
TH 0.559 –0.193 0.732 –0.055 0.058 
F –0.030 0.065 0.046 –0.111 0.940 
SO4 0.880 –0.277 0.218 –0.012 0.022 
NO3 0.882 –0.314 0.019 –0.091 0.021 
Cl 0.633 0.188 0.054 0.222 –0.087 
Ca 0.707 –0.368 –0.116 –0.104 0.058 
Mg 0.097 0.067 0.980 0.019 0.022 
Zn 0.662 0.251 0.223 –0.148 –0.109 
Pb –0.203 0.832 0.134 0.207 –0.145 
Cr –0.041 0.224 –0.007 0.882 –0.109 
Fe –0.237 0.877 –0.145 0.181 0.098 
As –0.177 0.634 0.010 –0.364 –0.370 
Mn –0.217 0.921 –0.092 0.126 0.068 
Eigen values 7.129 3.211 1.370 1.185 1.032 
Percentage of variance 41.936 18.889 8.058 6.972 6.069 
Cumulative variance 41.936 60.825 68.883 75.854 81.924 

 
 

 
 

Figure 3. Loading of the first two principal components (PC1 and PC2) explaining (a) 46.75% of the total variance in groundwater and 
(b) 60.83% of the total variance in surface water of Balipara. 

 
 
screen plot showing the variation of eigen values with 
component number in groundwater of Balipara. 
 For surface water, factor 1 contributes 41% of the total 
variance of 81% with positive loading on TDS, EC, SO4 
and NO3. Moderate loading was observed for Ca, Zn, Cl 
and TH. Mn, Fe, TA and Pb were found to be positively 
loaded, As moderately loaded and pH negatively loaded 
with 18.8% of the total variance for factor 2. Factor 3 
contributes 8% of the total variance with positive loading 
on Mg. Factor 4 is found to be positively loaded with Cr 
contributing 6% of the total variance. Factor 5 also con-

tributes 6% with positive loading on F. Figure 3 b shows 
the loading exhibited by the first two PCs (PC1 and PC2), 
while Figure 4 b represents the scree plot showing the 
variation of Eigen values with component number in  
surface water of Balipara. 
 DA was used to evaluate the variation in water quality 
parameters. It was applied to raw data consisting of 17 
parameters. Table 7 shows that only one DF discriminates 
between the ground and surface water. Wilk’s lamda test 
shows that DF is statistically significant (Table 8). Fur-
thermore, 100% of the total variance between ground and 
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Figure 4. Scree plot showing variation of Eigen values with the component number in (a) groundwater and (b) surface water of Balipara. 
 
 

Table 7. Eigen-value of DF for groundwater and surface water 

  Percentage of Cumulative  
Function Eigen value variance Percentage 
 

1 3.356a 100.0 100.0 

a98.6% of original grouped cases correctly classified. 
 
 

Table 8. Wilk’s Lamda for testing discriminant function validity 

Test of function(s) Wilks’ lambda Chi-square P-value 
 

1 0.230 87.553 0.000 

 
 
Table 9. Classification results for discriminate analysis of the ground  
 and surface watera 

 Predicted group 
 

Water % Correct Groundwater Surface water 
 

Groundwater 100 97.1 2.9 
Surface water 100 0 100 

a98.6% of original grouped cases correctly classified. 
 
 
surface water is explained by only one DF. The relative 
contribution of each parameter is given in eq (4) 
 
 Z = 0.439 Fe – 0.074 As + 0.217 Mn 
   + 0.999 pH + 0.189 TDS + 0.420 EC – 0.017 TA 
    – 0.359 F + 1.166 SO4 – 1.254 NO3 – 0.117  
   Cl – 0.395 TH + 0.227 Ca + 0.098 Mg 
    – 0.504 Zn + 0.823 Pb – 0.463Cr. (4) 
 
It can be seen that nitrate and sulphate exhibit strong con-
tribution in discriminating between the ground and sur-

face water and account for most of the expected variation 
in water quality, with moderate contribution from pH, 
lead and zinc, and meagre contribution by other parame-
ters in explaining the variation. Based on these findings, 
the order of the relative contribution for water quality  
parameters is as follows: 
 
 NO3 > SO4 > pH > Pb > Zn > Cr > Fe > EC > TH 
  > F > Ca > Mn > TDS > Cl > Mg > As > TA. 
 
The classification matrix (Table 9) shows that more than 
98.6% of the cases are correctly classified in their respec-
tive groups. The results which are classified in terms of 
one DF show that significant differences exist between 
the ground and surface water. 
 In conclusion, various multivariate statistical tech-
niques such as CA, FA, PCA and DA were applied to  
assess the variation of ground and surface water quality at 
Balipara. Hierarchical clustering grouped the ground and 
surface water each into three clusters of similar water 
quality characteristics. FA/PCA analysis extracted six 
factors in groundwater explaining more than 83% of the 
total variance, while more than 81% of the total variance 
in surface water was explained by five factors. Analysis 
revealed that TDS, EC, TA, As and Cr were the main 
contaminants in groundwater with the loading of 26% in 
factor 1. Factor 2 contributes 20% of the total variance 
with major contribution of Fe and Mn. In case of surface 
water, factor 1 contributes 41% of the total variance with 
positive loadings on TDS, EC, SO4 and NO3, Ca, Zn, Cl 
and TH. In factor 2, Mn, Fe, TA and Pb are the main contri-
butors to the loading value of 18.8% of the total variance. 
This study helps identifying the factors responsible for 
variation in water quality parameters. Hydrogeochemistry, 
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sedimentology, lithology and plausible correlation be-
tween the water quality parameters are likely to be the 
controlling factors responsible for their variation. The 
best result to identify the relative contribution of water 
quality parameters was provided by DA which afforded 
100% correct assignations in discriminating the ground 
and surface water. It was observed that nitrate and sul-
phate exhibited strong contribution in discriminating the 
ground and surface water. This accounted for most of the 
expected variation in water quality; moderate contribu-
tion from pH, lead and zinc was observed, while meagre 
contribution was shown by other parameters to explain 
the variation. The prolonged consumption of high nitrate 
content in the drinking water at Balipara may cause blue-
baby syndrome in the near future. This calls for a toxico-
logical study in the locality to prevent the disease. 
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