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Abstract

Present research work emphasizes the integrated approach of heavy metal pollution indices coupled with multivariate sta-
tistical analysis to evaluate the health risk from groundwater of the Kadava River Basin. In view of this, forty representative
groundwater samples were collected from dug and bore wells during pre-monsoon seasons of 2011 from rural habitations
which are actively used for drinking and irrigation. The heavy metals viz., Pb, Cd, Zn, Fe, Mn, Cr, Cu, Co and Ni were ana-
lyzed through ICP-AES and compared with the BIS standards for drinking appropriateness. The analytical results exhibited
that, Pb and Ni exceeded the maximum allowable concentration in all samples; while, Cr in 95% samples and Fe in 92.5%
samples found beyond the safe limits. Heavy metal contamination assessment has been performed by using Heavy metal
Pollution Index (HPI), Hazard Index (HI), Heavy metal Evaluation Index (HEI) and Degree of Contamination (Cg4). The
HPI results depicts that, 65 and 10% groundwater samples characterizes the medium and high pollution extent class. The
human exposure risk based on HI confirms that groundwater is not suitable for drinking to all age groups as the value of
HI > 1. HEI results shows that 82.5% groundwater samples fall in high pollution extent category and only 17.5% samples
in medium pollution extent category caused due to excessive presence heavy metals. C; result illustrates the widespread
unsuitability of 97.5% groundwater samples due to high pollution load from heavy metals and 2.5% samples comes under
moderate pollution extent. The correlation among the heavy metal indices depicts that HPI with HEI (r=1) and C, (0.825);
moreover. HEI with C; (r=0.825) are strongly associated; hence, it confirms that, all these indices are significant to assess
the heavy metal contamination risk in the study area. PCA, CA, CM and pollution indices analysis corroborate that, high
contents of heavy metals in groundwater of Kadava River Basin is owed to land use pattern, intense agriculture, leaching of
fertilizers and pesticides and domestic waste into the aquifer system. The outcomes of research work may help to local plan-
ners and policy makers to prevent the health risk by the implementation of appropriate monitoring and mitigation measures
for contaminated aquifers.
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Introduction

Groundwater is an important natural fresh water resource
used for drinking and domestic activities worldwide. As
concern India, due to the lack of constrained drinking
water supply system, 90% rural and 30% urban population
depends on groundwater for drinking and domestic uses
(Jaiswal et al. 2003; Wagh et al. 2016a; Katalakute et al.
2016). Generally, groundwater is considered to be safe
for drinking than the surface water due to the infiltration
of contaminants by the soil media; also it has consistent
temperature, natural quality and low vulnerability (Todd
1980; Panaskar et al. 2016). Heavy metals contamination
in groundwater is a serious issue worldwide due to grow-
ing population and economic development; where metals
enter through many natural and anthropogenic activities.
The natural processes include weathering of rocks and
soils, decomposition of living matter and atmospheric fall-
out; while, the anthropogenic activities particularly mining
and mineral processing, domestic, agricultural and indus-
trial wastes (Reiners et al. 1975; Pawar et al. 2014; Wagh
et al. 2016b; Patel et al. 2017; Mukate et al. 2015, 2017;
Merrikhpour and Jalali 2015). The heavy metals behavior
in aquifer systems is complicated; mainly depend on the
source of water, local lithology and the bio-geochemical
process in elemental conditions (WHO 1993). Since,
industrial revolution the heavy metals contents in ground-
water is proliferating globally due to the enhanced use in
many public and private sectors. Several studies proved
that, heavy metal pollution in water resources is occur-
ring through different ways viz., overuse of fertilizers and
pesticides, untreated industrial waste, solid waste dumping
sites, acid mine drainage, etc., (Kale et al. 2010; Bhuiyan
et al. 2010; Belkhiri et al. 2017; Olagunju et al. 2017,
Panaskar et al. 2014). In general, the metal solubility in
soil and water are primarily governed by pH, metal con-
centration, organic carbon, ion exchange capacity and the
oxidation state of mineral components and redox potential
of the system (Musa et al. 2013).

The chemical elements dissolved less than one milli-
gram per liter of water known as trace elements (U.S.G.S.
1993). The heavy or trace metals in small quantities are
essential for the normal functioning and metabolism of
human body; but, in excess can be toxic to human health.
Nevertheless, heavy metals are not easily degradable by
biologically or chemically; therefore, get accumulated for
longer periods causing health deterioration to a consider-
able level. Human could be exposed to heavy metals in
three main way viz., direct intake, inhalation and dermal
absorption through exposure of contaminated air and water
(US EPA 1989). The excess concentration of heavy metals
in groundwater is used as the indicator of contamination
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(Pawar and Pawar 2016). Many researchers accomplished
the significance of trace elements to human health, plant
growth and understood the mechanisms of metal transport
(Pawar and Nikumbh 1999; Gupta et al. 2008; Bhuiyan
et al. 2010; Kale et al. 2010). Heavy metal contamination
is one of the crucial health problems in the world due
to its persistence and accumulation behavior which pose
serious threats to living organism and ecosystem (Belkhiri
et al. 2017).

The monitoring of heavy metals concentration is an
essential to avoid health implications. Therefore, it becomes
immensely important to monitor the concentration of vari-
ous heavy metals to determine the degree of pollution and
impacts on health and ecosystem. However, by interpreting
the large dataset to identify the overall impact on water qual-
ity is complicated and time consuming. The water quality
index is a simpler way to process the multiple dataset to
conclude the overall quality in single dimensionless num-
ber (Horton 1965). In general, the numerous water qual-
ity variables are integrated in a specific index are designed
to represent the water quality at regional and global scale.
Consequently, for heavy metal contamination assessment
the most practiced indices are HPI, HEI, Cd and HI which
gives a composite influence of several metals on overall
groundwater quality (Singh et al. 2017; Brindha et al. 2016;
Omran 2016). The HPI, HEI and Cd are evaluated by using
the ratios of measured values of heavy metals and their per-
missible limits defined by the BIS (Bhuiyan et al. 2010).
Therefore, it summarizes the combined effects of several
heavy metals considered harmful to conclude the overall
contamination in an easier manner. The HI is non-carcino-
genic risk caused by consumption of heavy metals contain-
ing groundwater, calculated separately for infants, children
and adult. Several researchers has used the heavy metal pol-
lution indices in their respective region to assess the source
and severity of metal contamination (Prasad and Sangita
2008; Pawar and Pawar 2016; Kumar et al. 2012; Vetrimu-
rugan et al. 2016; Herojeet et al. 2015; Singh et al. 2017).
In addition to indices the multivariate statistical analysis
also proved its efficiency to execute the multiple data sets
to interpret the deteriorated quality in comprehensible way.

Previous studies of Kadava River basin were mainly
focused on groundwater quality and its suitability for drink-
ing and irrigation (Wagh et al. 2017a, b, 2018). The study
area has intense agriculture, where application of fertilizers
and pesticides are usual; these factors may largely influence
the concentration of trace element in groundwater. Agricul-
tural soil is more vulnerable to heavy metal contamination
compared to other soil types due to the frequent application
of agrochemicals to enhance the crop yield (Pakade et al.
2014). Soil salinization is a severe problem in the arid envi-
ronment due to the high evaporation and quality of water
used for irrigation coupled with low rainfall. In addition,
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other factors viz., soil composition, climatic conditions, land
use and land cover and water management practices etc.,
(Hussain et al. 2010). In case of the Kadava River basin,
study on heavy metal content in groundwater has not been
carried out so far. Henceforth, the possibility of toxicity to
human health from exposure of heavy metals at consider-
able magnitude over a time period could be estimated using
human health risk assessment. Therefore, the present study
initiated with the main objectives (1) to analyses the heavy
metal content in groundwater samples of Kadava River
Basin (2) to assess the health risk to human due to drink-
ing groundwater containing heavy metals with the help of
HPI, HEI, Cd and HI. (3) to perform multivariate statistical
analysis to identify the causative variables among analyzed
heavy metals. The outcomes of the study may be helpful to
local habitants to avoid health risk related problems.

Study area
The Kadava River Basin located in Nashik District, Maha-

rashtra, India (longitude 73°55:74°15'E and latitude
19°55:20°25'N) with total geographical area of 1053 km?
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Fig.1 Study area with Groundwater sample locations

(Fig. 1). Geologically, it is a part of the Deccan Plateau
underlain by basalt of upper Cretaceous to lower Eocene
age and comprising ‘Pahoehoe’ and ‘Aa’ lava flows (GSI
2001). The Kadava is a tributary of Godavari River, origi-
nates in locally known Sahyadri hills of Western Ghats and
flows in NW to SE direction and confluences with Godavari
River at Nandur-Madmeshwar dam located in Niphad Tehsil.
The annual average rainfall is around 700 mm, out of that
80% occurs from South-West monsoonal winds (June—Sep-
tember). The temperature ranges from 5 to 40 °C in winter
and summer seasons and characterize as semi-arid climate.
The groundwater occurs under unconfined, semi confined to
confined conditions below 20-25 m ground level (CGWB
2014).

Materials and methods

A total of forty (40) representative groundwater samples
were collected from different dug/bore wells during April
2011. Samples were filtered through the 0.45 pm Millipore
filter paper using Millipore glass assembly unit in 100 ml
PET bottles. Further, samples were acidified with conc.
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HNO; and kept in the ice-box. The samples were analysed
on ICP-AES (ICPE-9000, Shimazdu) for Pb, Cd, Zn, Fe,
Mn, Cr, Co, Cu and Ni. The Merck’s multi-elements ten
(10) standard of 0.01, 0.05, 0.1, 0.25, 0.5, 1.0, 2.0, 5.0, 10.0
and 20 mg/l were used for linear curve preparation. Fur-
ther, run the samples and record the readings. The blank
and standards were run at regular intervals for 10 samples
and each sample analysed in triplet to maintain the accu-
racy. The methodology adopted for health risk assessment
of heavy metals is executed as shown in Fig. 2. First step
is heavy metals assessment for potential health effects to
human through carcinogenic and non-carcinogenic risk
assessment based on USEPA and ICMR guidelines. Car-
cinogenic risk is calculated based on different indices such
as HPI, HEI and Cd and non-carcinogenic risk assessment
is computed through hazard index. The statistical analysis
of heavy metals is carried out through correlation matrix,
principle component analysis and cluster analysis. The mul-
tivariate statistical analysis performed through SPSS 22 v
software and MS Excel.

Pollution evaluation indices

Generally, pollution indices are calculated to determine the
appropriateness of water for a specific intended use. In this
study the indices namely Heavy metal Pollution Index (HPI),
Heavy metal Evaluation Index (HEI), Degree of Contamina-
tion (Cd) and Hazard Index (HI) were calculated to define the
extent of contamination in groundwater. The HPI and HEI
methods used to know the impact of heavy metal concentration
on overall quality of groundwater. These indices are evaluated
using the ratios of measured values of the parameters and the
permissible concentrations of the respective parameters (Bhui-
yan et al. 2010). A Hazard Index (HI) is used to calculate the
non-carcinogenic risk caused by consumption of heavy metals

Fig.2 Flow chart of method-
ology adopted for health risk
modelling of heavy metals

Health Risk
Assessment

Heavy metal
content in
Groundwater

Multivariate
Statistical
LVEIVSHS
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containing groundwater (Vetrimurugan et al. 2016). The Cd is
evaluated by computation of the extent of contamination, cal-
culated individually for each sample of water analyzed as the
sum of the contamination factors of each component greater
than the permissible limit. Therefore, it summarizes the com-
bined effects of several quality parameters considered harmful
in domestic water (Singh et al. 2017).

Heavy metal Pollution Index (HPI)

HPI is rating method that considers the composite influence
of individual heavy metal on overall water quality. Hence,
many researchers have used HPI as a comprehensive tool to
determine the overall quality of water based on heavy met-
als (Horton 1965; Brown et al. 1970; Herojeet et al. 2015;
Vetrimurugan et al. 2016; Vasant et al. 2016). For the calcula-
tion of heavy metal indices the BIS (2012) (IS10500: 2012)
drinking water quality standards were considered. The weights
assigned between 0 and 1 for each metal based on its relative
importance in drinking water. As the BIS and other agencies
have not set any safe limit for cobalt; hence 08 heavy metals
were considered for calculation of HPI by Eq. 1.

X W0,
X Wi
where W, Unit weightage of the ith heavy metal, » Number

of heavy metal, Q; Subindex of the ith heavy metal.
The unit weight, W, is determined by using Eq. 2

HPI = )

w, =K/ 0

where K Proportionality constant, S; Standard permissible
limit for ith heavy metal.
The proportionality constant, K is computed by Eq. 3,

1. Infants
2. Children
3. Adult

l Correlation Analysis

. Principle Component Analysis
_ Cluster Analysis |
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where S}, S,, S5, etc. represent standards for different heavy.
The sub-index, Q;, is calculated by Eq. 4,

o
;=) —x100
9% 51 v

where M; monitored value of heavy metal of the ith heavy
metal, /; ideal value of the ith heavy metal.

The Si, Ii, Wi, and mean HPI values are listed in Table 1.
HPI is classified into three classes, viz., Low (0-15),
Medium (15-30) and High (> 30) based on its pollution
extent (Edet and Offiong 2002; Herojeet et al. 2015).

Heavy metal Evaluation Index (HEI)

HEI gives an overall quality of the water with respect to
heavy metals (Edet and Offiong 2002) and is expressed as
follows.

n

H
HEI = ¢

®

i=1 HMAC

where Hc monitored value, Hy;, - maximum admissible con-
centration (MAC) of the ith parameter.

Hazard Index
A non-carcinogenic risk due to consumption of groundwater

containing heavy metals was assessed by calculating hazard
index (HI) based on following equations (US EPA 1989).

LADD = (C X IR X ED X EF) (BW X AT) 6)

Table 1 Values used to calculate HPI and HEI

Heavy metals Si Wi Ii MAC
Pb 100 0.66667 10 1.5
Cd 5 0.33333 3 3

Zn 5000 0.0002 3000 5000
Fe 300 0.005 200 200
Mn 100 0.02 500 50

Cr 50 0.02 50 50
Cu 1000 0.001 2000 1000
Ni 20 0.05 20 20

¥ Wi 1.0962

where LADD lifetime average daily dose of ingestion of
heavy metal through drinking water (mg/kg/day), C con-
centration of the heavy metal in water (mg/l), IR ingestion
rate of water [250 ml/day for infants, i.e., 0—12 months, 1.5 I/
day for children (Brindha et al. 2016) and 3 1/day for adults
(Planning Commission 2011)], EF exposure frequency
(days/year), ED exposure duration [66.4 years (UNDESA
2013)], BW body weight [6.9 kg for infants, 18.7 kg for
children and 57.5 kg for adults(ICMR 2009)], AT average
time (days).

If individual consumes the same water throughout the
year for entire life, then exposure frequency as well as dura-
tion will be same as average time. In that case the equation
can be modified as

LADD = (C X IR)/(BW) @)
Hazard quotient index (US EPA 1989) is calculated as
Eq. 7,
HQ = LADD/RfD ®)
where HQ hazard quotient, RfD Reference dose for a heavy
metal that an individual can be exposed to in a day over
his/her lifetime without experiencing any deleterious health
effect (mg/kg/day).
The RfD value of analyzed heavy metals is represented
in Table 2.

The non-carcinogenic risk given by HI is sum of the HQ
of all metals.

HI, = ZHQi )

Degree of Contamination (Cd)

Ca= Y. Cf, (10)
i=1

where

Table 2 The oral reference dose

Reference dose
for the analyzed heavy metals

Heavy metal

. (RfD mg/kg/
(after Vetrimurugan et al. 2016) day)

Pb 3.6x1073
cd 5.0x107*
Zn 3.0x107!
Fe NA

Mn 1.4%107!
Cr 3.0x1073
Cu 5.0x1073
Ni 2.0x1072
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CA,
Cf=—1-1

Cf; Contamination factor of ith component, CA; Analytical
value of ith component, CN;” Maximum permissible con-
centration of ith component, N Normative values, CN, values
were considered as maximum permissible limit.

Results and discussion

In this study, eight heavy metals were analysed and its
descriptive statistics and comparison with the BIS standards
are represented in Table 3.

Heavy metal contamination

Trace elements distribution and occurrence in the ground-
water depends on degree of weathering and mobility of
these elements (Handa 1986). The Pb concentration ranges
from 0.290 to 1.960 mg/l with an average 0.998 mg/l. As
compared with BIS standards, all the groundwater samples
exceed the desirable limit (0.01 mg/1). Such, high content
may be attributed from the use of lead containing fertilizers
and pesticides (Aldrin, Deieldrin, Endosulfan etc.,) applied
in the agricultural field. The Cadmium (Cd) is one of the poi-
sonous, non-essentials, bio persistent metal having toxico-
logical properties. The cadmium content deflects from 0.005
to 0.051 mg/l (Avg. 0.27 mg/l). In the study area, 37.5%
samples exceed the desirable limit of the BIS (Table 3). The
sample number 35 and 39 located in downstream area shows

the elevated concentration due to the leaching of fertilizers
and pesticides residues.

Zinc (Zn) is an essential element to perform metabolic
activities and its deficiency will lead to retarded growth
and resistance of body. The Zn value varies from 0.023 to
0.209 mg/1 (Avg. 0.065 mg/1) (Table 3). As compared with
BIS standards the content of Zn in all groundwater samples
is within the desirable limit (5 mg/l) imparting the minia-
ture industrial activities in the study area. The Iron (Fe) is
one of the most abundant elements found in earth crust.
Iron and Manganese plays an important role in regulation
of the biochemical cycle in plants and animals (Ballukarya
and Ravi 1999). The Fe concentration ranges from 0.092
to 3.558 mg/l (Avg. 0.837 mg/l). It is observed that 92.5%
samples exceed the desirable limit (0.3 mg/l) of the BIS
reflecting the impact of agriculture and domestic activi-
ties as a possible source (Table 3). Beyond this limit taste/
appearance, domestic utility, water supply structures are
affected and promote growth of iron bacteria (BIS 2012).
The Mn concentration varies from 0.013 to 0.142 mg/1 (Avg.
0.043 mg/1) (Table 3). Only sample number 39 surpasses the
safe limit of 0.1 mg/I (Table 3). Naturally, chromium occurs
in chromite mineral and it replaces Fe’* and AI** (Faust
and Aly 1981). Cr content ranges from 0.034 to 3.516 mg/l
(Avg. 1.588 mg/l) (Table 3); however, 95% groundwater
samples exceeds the desirable limit (0.05 mg/l) set by BIS
and such concentration is supposed to be carcinogenic (BIS
10,500:2012). The source of chromium includes intrusive
rock weathering, traffic, residential waste, pigments, paints,
ceramic, pottery units (Patel et al. 2017). The overexpo-
sure of chromium leads to asthma, cough, and shortness

Table 3 Summary of heavy metal data and its comparison with BIS standards

Heavy metals Range Mean (DL-PL) (mg/l) No. of samples Sample numbers above DL Undesirable effect above the acceptable
above DL (%) limit
Pb 0.29-1.96 0.998 0.01-NR 40 (100) 1-40 Beyond this the water becomes toxic
Cd 0.005-0.051 0.027 0.003-NR 15 (37.5) 2,4,8,9,13,15,20-22, The water becomes toxic
26,27, 29, 33, 35, 39

Zn 0.023-0.209 0.065 5-15 0 0 It can cause astringent taste and an opal-
escence in water

Fe 0.092-3.558 0.837 0.3-NR 37 (92.5) 1-15,17-31, 33-37, 39,40 The taste affected, has adverse effect on
domestic uses and water supply struc-
tures, and promotes iron bacteria

Mn 0.013-0.142 0.043 0.1-0.3 1(2.5) 39 -

Co 0.001-0.267 0.0849 - - - -

Cr 0.034-3.516 1.588 0.05-NR 38 (95) 1,2,4-19, 2140 May be carcinogenic above this limit

Cu 0.006-0.086 0.037 0.05-1.5 6 (15) 7,8, 10, 13,22, 37 Astringent taste, discoloration and corro-
sion of pipes, fitting and utensils will be
caused beyond this

Ni 0.114-0.225 0.17 0.02-NR 40 (100) 1-40 It may cause allergic reaction

All the values are expressed in mg/l

NR no relaxation, NA not available, DL desirable limit, PL permissible limit

@ Springer
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of breath, wheezing, anemia, irritation and ulcer (Wilbur
et al. 2000). Cobalt (Co) is an essential trace dietary min-
eral for all animals and micronutrient for bacteria, algae
and fungi. The Cobalt content deflects from the 0.001 to
0.267 mg/1 (Avg. 0.085 mg/l) (Table 3). The BIS has not set
any safe limit for cobalt content in drinking water. Copper
(Cu) plays an important role in production of blood hemo-
globin, seed production, disease resistance and regulation of
water in plants and humans (Davies and Jones 1988). In the
groundwater copper ranges from 0.006 to 0.086 mg/l with
an average 0.037 mg/l. As per the BIS limit 15% samples
exceeds the desirable limit due to waste dumps, domestic
waste water, fossil fuels combustion, wood production and
phosphate containing fertilizers. The nickel is varying from
0.114 to 0.225 mg/1 (Avg. 0.170 mg/1). All the groundwater
samples surpass the safe limit of the BIS (Table 3). The
elevated concentration is owed to agriculture and domes-
tic activities prevailing in the study area. Excessive nickel
exposure may lead to Laryngeal, kidney and prostate cancer
(Menzel et al. 1987).

Carcinogenic Risk Assessment Heavy metal
Pollution Index (HPI)

The HPI for the Kadava River basin, the HPI values deviates
from 476.99 to 1833.65 with mean concentrations 1039.48
for 8 heavy metals in 40 groundwater samples. It is inferred
that, all the groundwater samples are above the critical value
of 100, hence unfit for human consumption (Fig. 3). The
samples located along flow direction are affected mostly due
to the accumulation of heavy metals from surface runoff in
the lower reaches. In the study area the principle crops are
grapes, onion, sugarcane and seasonal crops grown through-
out the years. To improve the crop yield, a variety of chemi-
cal fertilizers, pesticides, fungicides, weedicides, etc. are
applied on large scale by farmers. Since, intense agriculture
for prolonged period the accumulation of metals is continued
by leaching processes.

Fig.3 Graphical representation 2500

Heavy metal Evaluation Index (HEI)

The calculated HEI values swerves from 522.89 to 2010.05
with an average value of 1139.48. There are many HEI
classification criterions developed to classify the samples
into three categories such as low, medium and high extent
of pollution, guided by their respective mean values, and
the different levels of contamination (Prasanna et al. 2012).
The HEI classification proposed for the present results are
as follows: low (HEI <400), medium (HEI=400-800) and
high (> 800) (Table 4). Table 4 demonstrates that, 82.5%
samples represent the high pollution extent caused due to
excessive heavy metals and only 17.5% samples represent
medium pollution extent.

Degree of Contamination (Cd)

The contamination index (C,) was used as reference of
estimating the degree of contaminants in the form of met-
als present in particular sample (Al-Ami et al. 1987). The
C, values ranges from 231.56 to 1373.22 with an aver-
age value of 711.97. The Cd values further classified as,
low (C4<40), medium (C4=40-80) and high (C4> 80)
(Table 4). All the groundwater samples exceed the value of
80, suggesting that they are highly polluted, hence unfit for
drinking due to the high load of heavy metals. Graphical
representation (Fig. 3) demonstrated that, values of HPI,
HEI and C; shows similar trends throughout the Kadava
River Basin. The HPI, HEI and Cd shows that sample
numbers 2, 26, 33, 35 and 39 are worst affected whereas
5, 12, 31 and 40 samples are least affected (Fig. 3). The
worst affected samples are located along the flow path in
the lower reaches of catchment while least affected sam-
ples found in central and upper reaches of the watershed.

of HEI, HPI and Cd values
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Table 4 Classification of

Index Pollution extent Range Number of % of samples Sample number
groundwater samples baseq samples
on HEI and Cd (after Herojeet
et al. 2015; Hossein et al. 2014) HEI Low <400
Medium 400-800 7 17.5 5,6,12,17,31, 36,40
High > 800 33 82.5 1-4,7-11, 13-16,
18-30, 32-35,
37-39
C, Low <40
Medium 40-80 1 2.5 40
High >80 39 97.5 1-39

Non carcinogenic risk assessment
Hazard Index (HI)

The non-carcinogenic risk calculated through Hazard Index
(HI) by considering the eight heavy metals. The HI val-
ues <1 is supposed to be safe and HI values > 1 indicates the
non-carcinogenic risk. Graphical representation of HI values
indicates that, entire study area has non-carcinogenic risk
due to consumption of groundwater (Fig. 4). It is observed
that, minimum HI was 10.41, 23.05 and 14.99 mg/kg/day for
infants, children and adults, respectively (Fig. 4). Maximum
cumulative HI was found in children followed by adults and
Infants. It corroborates that children are at highest risk than
the infants and adult. The lead, cadmium, chromium and
nickel metal content contributed to larger percentage in HI
ultimately amplify the potential risk. The HI proved to be a
very useful tool in evaluating overall pollution of the ground
water. It indicates that, groundwater is critically contami-
nated by leaching of heavy metals from the agricultural and
domestic activities.

Multivariate statistical analysis

The multivariate statistical analysis has been performed
through the correlation analysis, principle component

analysis (PCA) and cluster analysis (CA) to know the affili-
ation among different heavy metals and also to measure the
most influencing variable affecting the groundwater quality.

Principle component analysis

The PCA performed through varimax with Kaiser Normali-
zation method on data (40 samples for 8 heavy metals) to
identify the major components involved in contaminating the
groundwater quality (Table 5). Generally, eigen values of the
factors signify the common variance in the data and resem-
blance among the different variable is represented as factor
scores. Moreover, the components with eigen value above 1
are significant for interpretation. In PCA, the values are rep-
resented in positive and negative based on strong, moderate
and weak relationships to differentiate the significant heavy
metals affecting groundwater quality. The components with
eigen values > 1 and loading values > 0.40 affecting signifi-
cantly on the overall quality (Liu et al. 2003; Shrestha and
Kazama 2007). The four principle components (PCs) were
extracted with 71.55% of cumulative variance. The factors
loadings, Eigen values (> 1), % of Variance and Cumula-
tive % values are listed in Table 5. The positive loadings
indicate the significant deterioration caused to groundwa-
ter quality while negative loadings intend that water qual-
ity remains unaffected by these parameters (Bhuiyan et al.

Fig.4 Graphical representation 140
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Table 5 Principal component analysis of heavy metals

Heavy metals Components
1 2 3 4

Pb 0.782 0.102 —0.093 —0.091
Cd 0.788 0.218 0.059 0.281
Zn 0.177 0.011 0.203 —0.768
Fe —-0.139 0.852 0.020 —-0.144
Mn 0.297 0.811 —0.002 0.092
Cr 0.747 —0.180 —0.069 -0.290
Co 0.072 0.154 -0.796 0.240
Cu —-0.038 0.434 0.649 0.145
Ni 0.525 —0.144 0.412 0.607
Eigen values 2.21 1.71 1.28 1.24
% of variance 24.58 18.96 14.25 13.76
Cumulative % 24.58 43.53 57.719 71.55

Extraction Method: Principal Component Analysis
Rotation Method: Varimax with Kaiser Normalization

Rotation converged in 8 iterations. Bold values indicates high load

2010). In the groundwater dataset PC1, PC2, PC3 and PC4,
respectively, explained 24.57, 18.95, 14.25 and 13.76% of
total variance. It is observed that, PC1 is profoundly loaded
on Pb, Cd, Cr and Ni which are mostly derived from anthro-
pogenic sources i.e. application of chemical fertilizers and

Fig.5 Dendrogram obtained 0

1

pesticides. Generally, trace elements with high positive
loading in PC1 typically occur in oxidizing water as soluble
oxyanions (Chen et al. 2007). PC2 is influenced by Fe and
Mn only due to the inputs from domestic waste and agricul-
tural runoff (Wu et al. 2008). The main sources of Mn are
leaching from local bedrock and solubility in water depends
on anions and oxidation reduction potential mainly at near-
neutral pH (ATSDR 2000; Lorite-Herrera et al. 2008). PC3
is highly positively loaded of Cu (0.649) and moderately
with Ni (0.412), while highly negatively loaded with Co
(—0.796). The copper in groundwater is mainly released
from waste dumps, domestic waste water, fossil fuels com-
bustion and phosphate enriched fertilizers characterized
as anthropogenic sources. Lastly, PC4 is dominated by the
positive loading of Ni and negative loading of Zn.

Cluster Analysis (CA)

R-mode cluster analysis is used to characterize the differ-
ent elemental groupings in the data set, which affects the
overall groundwater quality. It is performed by using SPSS
22 v. Cluster analysis represents Cd, Cu, Mn, Zn, Co and Ni
are grouped in a single cluster; and Pb, Fe and Cr in another
cluster (Fig. 5). This clustering of metals indicates that these
elements have same source of origin. Pb, Fe and Cr may
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be owed to the leaching from anthropogenic inputs such as
agricultural and domestic waste (Prasanna et al. 2012).

Correlation matrix (CM)

The Pearson’s correlation coefficient matrix is used to know
the relationship among various metals (Table 6). The corre-
lation results were compared with the PCA to recognize the
inter-parameters relationships. A significant positive correla-
tion of Pb has been observed with Cd (0.439) and Cr (0.52)
indicating a similar source of PC1; C; with Mn (0.424) and
Ni (0.562); Fe with Mn only similar to sources reported for
PC2. High content Pb may be attributed to the application
of lead containing fertilizers and pesticides. Cobalt and cop-
per is not correlated with any other metals. The correlation
among the heavy metal indices depicts that HPI with HEI
(r=1) and Cd (0.825) moreover HEI with Cd (r=0.825) are
strongly correlated. It proves that, all these three indices can
be significantly used to assess the heavy metal contamina-
tion risk in the study area. It is observed that, there is good
agreement between PCA, CA and CM techniques for group-
ing the causative factors in the analyzed the data sets. It is
confirmed that, Pb, Cd and Cr are the significant attributers
to elevate the health risk from groundwater.

Conclusions

Heavy metals contamination in intensively irrigated area
of Kadava River Basin was assessed by using heavy metal
pollution indices and multivariate statistical techniques.
High levels of Pb, Ni, Cr, Fe and Cd were observed in
the groundwater due to natural and agricultural activi-
ties. HPI, HEI, C; and HI indices have been utilized to
ascertain the health risk by considering 8 heavy metals.

Table 6 Correlation analysis of heavy metals and pollution indices

In addition, multivariate statistical tools such as PCA,
CA and CM were applied to identify the causative fac-
tors which altering the groundwater quality. HPI values
indicate that, all the groundwater samples are exceeding
the critical limit of 100; hence, unfit for consumption. HEI
value suggests that, 17.5% samples have medium pollu-
tion extent and 82.5% are representing the high pollution
extent. Whereas, C; illustrates the widespread unsuit-
ability in 97.5% samples due to high pollution load from
heavy metals and 2.5% samples represents the moderate
pollution extent in the study area. HI values swerves from
10.57 to 46.57; 65% and 10% samples have medium and
high pollution extent, respectively which illustrates the
elevated risk of heavy metal contamination. The mean
value of HI depicts the probability of suffering adverse
effects on children (70.64) followed by adults by (45.95)
and infants (31.91 mg/kg/day). The increased pollution
extent is owed to the elevated content of metals like Pb,
Cr and Mn from natural processes and agrochemicals used
in farming. The HPI, HEI, C; and HI values exceeding the
threshold values reflect the possibility of health risk haz-
ard; hence, emphasizes the need of monitoring of ground-
water to avoid health risk in the Kadava River Basin. To
identify the contribution of each metal to the computed
indices, PCA, CA and CM has been performed for heavy
metals and heavy metal pollution indices (HPI, HEI and
C,). The HEI shows strong correlations with HPI and Cy,
depicts the reliability of index to assess the pollution level
at its best. The present research highlights the applicabil-
ity of heavy metal pollution indices coupled with multi-
variate statistical analysis to ascertain the health risk from
heavy metal contamination. The present level of heavy
metal concentration in the groundwater of Kadava River
Basin is of serious health and environmental concerns and
needs immediate attention. A continuous monitoring of

Pb Cd Zn Fe Mn Cr Co Cu Ni HPI HEI Cy

Pb 1

Cd 0.439 1
Zn 0.038 0.083 1
Fe 0.073 0.003 0.027 1
Mn 0.210 0.424 -0.016 0.481 1
Cr 0.520 0.347 0.136  —0.200  0.062 1
Co 0.032 0.138 -0.129  -0.004  0.081 —-0.002 1
Cu —-0.047 0.083 0.018 0.256  0.257 —-0.058 —0.188 1
Ni 0.271 0.562 -0.149  -0.195  0.068 0.127 -0.111 0.177 1
HPI 0.964 0.662 0.056 0.063  0.300 0.538 0.067  -0.015  0.392 1
HEIL 0.705 0.456 0126  -0.137  0.134 0.970 0012  -0.042  0.209 1 1

Cy 0.942 0.530 0.082 0.019  0.229 0.764 0.029 —-0.031 0.299 0.825 0.825 1

Significant values are in bold type face
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groundwater quality is imperative to keep the pollution
check and treated drinking water should be supplied to the
inhabitants to avoid health implications in future.
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