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ABSTRACT

The present study assessed heavy metals in water, sediments and adjacent soil of a contaminated channel in Durgapur industrial
zone, India. Physicochemical characterization of water showed that pH (7.86-12.39), TSS (113-303 mg L"), COD (358.6-532.8
mg L"), Fe (6.11-26.37 mg L"), Pb (1.54-3.38 mg L") and Hg (0.112-1.260 mg L") in channel water exceed BIS standard. Mean
contcentrations of Pb, Cd, Cr, Ni, and Hg in channel sediment are well above the TEC (threshold effect concentrations). The metal
C; value in channel waters follow the order Hg >Pb> Fe > Cr > Cd > Cu>Mn> Ni. EF and I, values of metals in channel sediment
follows the order of Hg > Cd > Fe >Pb>Mn> Cr > Ni > Cu. The distribution of heavy metals in the soil profiles are in the order
of Fe >Mn> Cr >Pb> Cu > Cd > Ni > Hg. The high EF and I, value of Hg in soil even at 50-60cm depth, indicate high mobility
and accumulation of Hg which may contaminate ground water. Multivariate statistical appraisals indicate that heavy metal
contamination in channel water, sediments and soil are mainly due to the industrial discharges/contribution. The strong positive

correlation are observed between EF of heavy metals in channel sediments and surface soil, and also between the EF and I

heavy metals in the deeper layers of soil adjacent to channel .
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INTRODUCTION

Industrial growth and development are highly desirable;
however rapid industrialization is associated with
environmental degradation caused by the discharge of
toxic chemicals along with the heavy metals that enter
into air, water and soil (Harguinteguy et al. 2014,
Guagliardi et al. 2013). Industrial effluents and wastes
dumped into water bodies alter its physicochemical
characteristics and elevate the heavy metal concentration
according to the nature of effluent being discharged
(Blinova et al. 2012, Rai 2009). Even if they are present
in low, undetectable quantities, their recalcitrance and
consequent persistence in the environment imply that
through natural processes such as biomagnification,
concentrations may increase to such an extent that they
begin exhibiting toxic effects (Atkinson et al. 1998).

Water contaminated with industrial discharge
contains appreciable amounts of toxic metals and in the
long run, can affect the surrounding soils and elevate the
concentration of toxic metals in soil (Ghosh et al. 2012,
Gupta et al. 2008). Soil or sediment qualities also get
changed; the existing pollutants can seep into the soil
system and change its physicochemical properties (Gao
et al. 2012, Barman et al. 2001). Sediments are ecolo-
gically important components of the aquatic habitat and
are also a reservoir of contaminants, which play a
significant role in maintaining the trophic status of any
water body (Silva et al. 2013, Singh et al. 1997).
Sediments, not only act as the carrier of contaminants,
but also the potential secondary sources of contaminants
(Calmano et al. 1990, Thornton et al. 1975). Therefore
analysis of sediments is a powerful approach not only for
studying the distribution and persistence of contaminants
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in sediments but also for reconstructing historical inputs
of these compounds, improving management strategies,
and evaluating the effectiveness of recent pollution
control measures (Lara-Martin et al. 2015). Earlier many
research work investigated (Iwegbue et al.2006, Jaradat
et al. 2005) on heavy metal concentration in vertical soil
profiles. The results showed that very high concen-
trations of heavy metals in the surface soil and then the
heavy metal concentration decrease with depth even they
could still gradually move down to the deep soil layers,
caused deep soil pollution with long-term leaching
threats to ground water contamination.

The objectives of this study are (i) to monitor and
assess the distributions of heavy metals in channel water-
sediment system, (ii) to identify the sources of heavy
metals using multivariate statistical techniques (iii) to
explore the degree of heavy metal contamination in the
contaminated area using pollution indices and iv) to
determine the concentration of heavy metals and
physicochemical characteristics of soil profiles along the
channel with a view to providing information on risks to
human environment and guidance for redevelopment.

STUDY AREA

Durgapur industrial zone consists of various industries
like Chlor-alkali, Pharmaceutical, Ferro-alloy, sponge
iron, integrated steel plant with coke oven, thermal
power plant etc. Durgapur is geographically located at
23.48°N and 87.32°E. The climate of this area is tropical
with two distinct seasons i.e. dry (summer and winter)
and rainy (during monsoon). Industrial effluents are
discharged through an unlined channel to the Tamla
Nalha which serves as storm water drain for this region.

METHODOLOGY
Sample Collection and Analysis

Water samples were collected at regular intervals from
the wastewater discharge channel (Figure 1). All samples
were taken in wide mouth plastic bottles. Water pH,
electrical conductivity (EC) and total dissolved solids
(TDS) were measured on site by using portable analyzer
(Multi-Parameter PCS Testr™ 35, Oakton) were
measured on sites and other physicochemical parameters
were analyzed according to standard methods for the
examination of water and wastewater (APHA 2000).

Figure 1. Location of the study area.

For heavy metal analysis, the samples were fixed
with 0.5 mL of concentrated nitric acid in the field to
prevent heavy metals precipitation and were taken in an
ice box to the laboratory. The samples were digested
with 3:1(v/v) mixture of concentrated HNO, and HCIO,
(APHA 2000). Digested water filtered with Whatman-42
filter paper and filtrate analyzed for Lead (Pb), Cadmium
(Cd), Chromium (Cr), Iron (Fe), Copper (Cu), Nickel
(Ni), and Manganese (Mn) in atomic absorption
spectrophotometer (GBC, Avanta) and Mercury (Hg)
was estimated by cold vapour atomic absorption.

Sediment grab samples were collected all along the
channel. Surface samples were collected from 0-12 cm
depth using a stainless steel hand digger and were
immediately kept into air-tight plastic bags. Soil samples
were also collected from depths of 0-10, 10-20, 20-30,
30-40, 40-50 and 50-60 cm using a soil corer. In the
laboratory, sediment/soil samples were air-dried, crushed
and sieved through 2 mm mesh, analyzed for pH, and
electrical conductivity (EC) as per standard methods
(APHA 2000) and for organic carbon (OC in %) by
Walkey and Black (1934) method.

For estimation of heavy metal concentrations, 0.5 g
of composite sediment/soil sample was digested with a
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mixture of concentrated HNO; and HC10,(3:1) (USEPA
2007, Method 3051A). The solution was filtered, diluted
to 50 mL with ultrapure water and Pb, Cd, Cr, Fe, Cu,
Ni, Mn were analyzed by atomic absorption spectro-
photometer (GBC, Avanta) and Hg was estimated by
cold vapour atomic absorption.

As there was no previously recorded background
value for metal concentration before the industry set up,
a set of control bed rock samples were collected from
nearby uncontaminated site (Nadiha, Durgapur 4-5 km
away from the contaminated zone) which is considered
to be devoid of any type of industrial contamination and
taken as background reference value.

Quality Control and Assurance

Special care was taken during sample collection,
preservation, and during every experimental procedure.
E-Merk (AR grade) standards were used for the
preparation of standard curve during analysis of metals
and physicochemical parameters. Ultrapure water
(resistivity=18.2 Mwcm™") (Sartorius Stedim Biotech,
arium® 61316) was used for the preparation of all
solutions. All glassware used were cleaned by soaking in
dilute acid for at least 24 hours and rinsed properly in
ultrapure water before use. Every analysis was triplicated
to ensure the accuracy of the experimental data/ results.

Pollution Indices

The C; (Backman et al. 1997) is the ratio between the
concentration of a metal in the water/sediment/soil and
the upper permissible value or its background value
(concentration in uncontaminated water/sediment/soil).
C; values were interpreted as suggested by Hakanson

(1980),

_ Analytical Value for ith Component
" Permissible Value for ith Component

Cy

where, C; <1 indicates low contamination; 1> C; <3 is
moderate contamination; 3>C; <6 is considerable
contamination; and C;>6 is very high contamination.

Heavy metal evaluation index (HEI) (Edet and
Offong. 2002) gives an overall quality of the water-
sediments with respect to heavy metals. HEI is estimated
as

n H_
HEI= 3 —
2%

i

where H, is the experimental value of the i™ parameter
and H,,, is its background reference value. Heavy metal
evaluation index (HEI) computed as <400=1low, 400-800
= medium and >800= high metal contamination.

Enrichment factor (EF; Barman et al. 2000) has
been calculated to evaluate natural or anthropogenic
sources of heavy metals and determine the degree of soil
pollution with respect to the soil at the uncontaminated
(control) site. It is the ratio between the concentration of
the heavy metal in the contaminated soil and that in the
uncontaminated soil.

[M)/[Fel,q
[M]/[Fel, i

EF =

where [M] = total heavy metals concentrations
measured in soil samples (mg kg') and [Fe] = total
concentration of iron as the reference element (mg kg™';
Lee et al. 1998, Abrahim and Parker 2008). Five
categories are recognized on the basis of enrichment
factor (Loska and Wiechuya 2003). EF value <1- 2 =
deficiency to minimal enrichment, 2> EF <5 =moderate
enrichment, 5 > EF < 20 = significant enrichment, 20 >
EF <40 = very high enrichment, and EF >40 = extremely
high enrichment.

Muller (1981) introduced the Index of Geo-
accumulation (I,) which enables the assessment of
metal accumulation in bottom sediments by comparing
present and pre-industrial concentration.

Iﬂ. =]. )
g0 =982 73

L}

where C, is the measured metal concentrations in
soil/sediment fraction (<2um) and B,, is the geochemical
background value of metals. The factor 1.5 is introduced
to include possible variations of background value due to
natural fluctuations. Geoaccumulation Index is classified
as: Iy, value <1 = uncontaminated or no pollution, 1
>yeo< 2 = slightly polluted, 2>I,,,< 3 = moderately
polluted, 3>1,,,< 4 = strongly or highly polluted, and I,
> 4 = extremely polluted (Muller 1981).
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Statistical Analysis

Pearson’s Correlation was computed for the water,
sediment and soil parameters for analyzing the inter-
relations between them. Factor analysis was used as a
numerical method of discussing variables and identifying
geochemical processes by extracting minimum accept-
able Eigenvalue greater than 1. Principle Component
Analysis (PCA) along with varimax rotation was
performed for physicochemical parameters of channel
water samples and sediments to analyze the interrelated
variations and also identify their possible source.
Pearson’s correlations (r) were performed between C;
value of metals (both water and sediments) with metal
I, value for the better interpretation/understanding of
metal accumulation, distribution and their interrelations
in water and sediment system. Statistical calculations
were carried out at significance level 0.05 by XLSTAT
(version 15.1).

RESULTS AND DISCUSSION

Physicochemical Characteristics of Channel Water

The effluents from different industries are discharged
through commonly open channel namely Tamla Nalha
without any proper treatments. The physicochemical
characteristics and heavy metal concentrations of
channel waters are furnished in Table 1, and compare
with the industrial effluent discharge standards for inland
surface waters (IS 2490 Part I: 1981) set by the Bureau
of Indian Standards (BIS). The pH of water plays an
important role to maintain geochemical equilibrium. The
pH of channel waters varies between 7.86 and 12.39,
indicating alkaline nature of channel water well above
than BIS standards. Electrical conductivity reflects the
capacity of water to conduct the electric current by the
presence of ions. The EC value for water sample varies
from 1.88 to 5.82 mS cm™. High suspended solid (TSS),
Total dissolved solid (TDS) and chemical oxygen
demand (COD) gives better idea about the solid and
chemical load transported by the channel water into the
water body and exceeded the BIS industrial effluents
discharge standards for surface water (Wakawa et al.
2010). The values of biological oxygen demand (BOD),
oxidation-reduction potential (ORP), and total hardness
(TH) in channel waters are within the range as per the
Indian standards (IS 2490 Part I: 1981).

Table 1.Physicochemical characterization and heavy
metal concentration of channel water.

Parameters Min Max SD IS standards
pH 7.86 12.39 1.14 5.5-9.0
EC 1.88 5.82 091 -

ORP 102.00 378.00 71.05 -

TSS 113.00 303.00 52.94 100
TDS 939.00 1580.00 159.94 2100
TH 35.79 82.34 14.39 250
BOD 21.36 29.56 2.33 30
COD 358.64 532.80 47.48 250
Pb 1.54 3.38 0.52 0.1

Cd 0.028 0.396 0.09 2

Cr 0.102 0.673 0.15 2

Fe 6.11 26.37 5.02 3

Cu 0.032 0.317 0.09 3

Ni 0.027 0.232 0.06 3

Mn 0.036 0.242 0.05 2

Hg 0.112 1.260 0.36 0.01

All parameters are expressed in L' except pH & EC(mS.Cm™); -
standard not mentioned
IS Standard: IS 2490 Part I: 1981

Heavy metals are found in noticeable amounts in
the channel water samples as it contains industrial
effluents from chemical processes where large amounts
of the metals are used as raw materials or as process
catalysts. Total metal concentration in channel water
samples follow in the order of Fe >Pb> Hg > Cr > Cd >
Cu > Ni >Mn. Among the studied metals Fe, Pb and Hg
in water samples exceeded the IS standard, while
concentrations of other heavy metals are well under the
recommended standards. Pb and Hg are examples of
heavy metals that have been classified as priority
pollutants by the USEPA (Keith et al. 1979).

Heavy Metal Concentration in Surface Sediments

Physicochemical study of sediment characteristics shows
that pH of channel sediment is highly alkaline (7.98-
9.8), with high electrical conductivity (EC) values of
(1259-2208 uS cm™). Organic carbon (OC) of sediment
samples are in the low range (1.06-1.36%). Metal
concentration in the channel surface sediments (Table 2)
follows the order of Fe >Mn> Cr >Pb> Cd > Cu > Ni >
Hg. Iron is the most abundant metal in water and in
channel soil-sediment, which can be attributed to its high
content in ferroalloy industrial wastewater, and also
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because of laterite soil type in this area. Among the
studied metals, only Cu and Ni are lower in lower
concentration than the sediment quality guidelines
(SQGs) (MacDonald et al. 2000).

Table 2.Physicochemical characteristics and heavy metal
concentration in channel sediments.

Parameter Min Max SD error Background TEC*  pgce
pH 7.98 9.8 0.23 7.17 - -

EC 1259 2208 11374 167.67 - -

oC 1.02 1.36 0.04 291 - -

Pb 111.64 167.80 6.99 28.11 35.80 128.00
Cd 4140 88.74 5.62 8.04 099 498
Cr 214.73 246.10 3.42 64.8 43.40 111.00
Fe 406.85 491.23 11.38  85.78 - -

Cu 6198 6623 0.58 323 31.60 149.00
Ni 27.88 3258  0.66 14.74 22.70 48.60
Mn 231.11 312.88 10.05 69.6 - -

Hg 2.12 4.9 0.35 0.02 0.18 1.06

All other parameters express in mg kg except EC in uS cm!, OC in %
of channel sediment.

a TEC, Threshold Effect Concentrations (MacDonald et al. 2000).

b PEC, Probable Effect Concentrations (MacDonald et al. 2000).

Heavy Metals in Channel Adjacent Soil

The result of the physicochemical characterization and
heavy metal concentrations of the studied soil profiles
are represented in Table 3. The analysis shows that the

pH of the soil samples is slightly alkaline. The soil pH
acts as a useful index of availability of nutrients and
metal concentration in the soil samples. The pH value of
soil samples varies from 7.12 to 7.88, with an average
pH value of 7.50. The electrical conductivity(EC) of the
water-extract of the soils indicates the relative ions and
organic matter contents of the soil samples. The EC
value of the channel soils varies from 648uS cm™ at 50-
60cm to 856 uS cm at 0-10cm, with an average EC
value of 745.17 uS cm™'. The concentration of OC of soil
samples ranges from 2.64% at 50-60 cm to 6.62% at 10-
20 cm. The vertical distribution of the heavy metals in
soil layers adjacent to the effluent channel soil shows
that there is a prominent decreasing trend with the depth
of soil. Heavy metal concentrations in the surface soils
are significantly higher than the heavy metal concen-
tration in control soils. The mean concentration of heavy
metals in vertical soil layers follow the order of Fe
>Mn>Cr >Pb>Cu>Cd > Ni >Hg (Table 3). Correlation
analysis reveals that soil pH is significantly and
positively correlated with all metal concentrations but
soil OC is highly correlated with Hg (r=0.735), Cd
(r=0.587), Cr (r=0.658), Mn (r=0.556) and Fe (r=0.735)
suggesting their higher movability and accumulation at
channel adjacent soil layers.

Statistical Analysis

The correlation between two variables reflects the degree
to which the variables are related. The Pearson’s
correlation matrix of the various water parameters and
heavy metals concentrations, presented in Table 4, shows
that high positive correlation exists between pH-ORP,

Table 3.Vertical distribution of heavy metals in stream adjacent soil at different depths.

Parameters  0-10cm  10-20 cm 20-30 cm 30-40cm 40-50cm 50-60 cm  Mean + SD Background value
pH 7.88 7.74 7.65 7.32 7.26 7.12 7.50+0.30 7.17
EC 856 834 765 714 654 648 745.17+88.65 167.67
oC 2.83 3.62 341 33 2.78 2.64 3.10+0.40 291
Pb 124.52 114.8 94.72 75.24 68.12 59.4 89.47+26.31 28.11
Cd 54.25 50.51 44.12 32.65 20.62 16.34 36.42+15.77 8.04
Cr 178.64 182.24 174.65 154.28 143.32 140.52 162.28+18.53 64.8
Fe 368.45 376.14 362.26 324.18 286.64 248.51 327.70+£51.32 85.78
Cu 58.62 56.85 55.12 52.08 49.53 48.64 53.47+4.04 323
Ni 27.86 26.46 25.14 24.64 23.84 22.28 25.04+1.96 14.74
Mn 248.65 246.26 228.15 198.82 186.21 178.56 214.44+30.66 69.6
Hg 3.58 3.64 3.62 3.15 2.68 2.14 3.14+0.61 0.02

EC in pS cm'l, OC in %, metal concentration in mg kg'1 of soil.
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Table 4.Correlation matrix of physicochemical parameter and heavy metals of the channel water.

Variables pH EC ORP  TSS TDS TH BOD COD Pb Cd Cr Fe Cu Ni Mn Hg
pH 1

EC -0.228 1

ORP 0750  -0475 1

TSS -0.412  0.856  -0.650 1

TDS 0.586  -0.180 0.626 -0.243 1

TH 0.844  -0.466 0.944 -0.674 0.627 1

BOD -0.707  0.375 -0.770  0.512  -0.386 -0.825 1
COD 0.746 -0495  0.870 -0.696 0.561 0.908 -0.735 1

Pb 0.712 0.152 0.651 0.013 0567 0.643 -0.559 0.560 1

Cd 0.747 -0.431 0907 -0.595 0.748 0.904 -0.639 0.869 0.635 1

Cr 0.721 -0.057 0.814 -0.203 0.556 0.774 -0.710 0.731 0.895 0.760 1

Fe 0.690 -0.303  0.873  -0.483 0.662 0.868 -0.705 0.803 0.712 0.886 0.839 1

Cu 0.873 -0.334 0903 -0.542 0.612 0960 -0.799 0.881 0.734 0.880 0.836 0.859 1

Ni 0.742 -0.190  0.860 -0.338 0.632 0.860 -0.756 0.784 0.823 0.848 0.951 0.889 0.879 1

Mn 0.691 -0.135 0.836  -0.325 0.564 0.806 -0.654 0.786 0.806 0.839 0.914 0.859 0.881 0.897 1

Hg 0.723 -0.384  0.844 -0.615 0.538 0.845 -0.482 0.819 0.547 0.877 0.669 0.773 0.827 0.717 0.785 1

Note: Values in bold are significantly different from 0 with a significance level a = 0.05

pH-TH, pH-COD, pH and heavy metals (Pb, Cd, Cr, Cu, Table 5. Factor analysis (after Varimax rotation) for
Ni, and Hg). Though in most natural systems pH and channel water.

heavy metals tend to be negatively correlated but here
the heavy pollution load from the plant offsets any

natural system (Gupta et al. 2013). Among the metals,  Variables F1 F2
Pb-Cd, Pb-Cr, Cu-Ni, Cr-Mn, Pb-Hg and Cr-Fe have the
strong positive correlation between themselves showing ~ PH 0.777 0.295
that their primary sources are the same (industrial EC -0.005 -0.855
discharge). ORP 0.806 0.530
High negative correlations are observed (Table 4) TSS -0.161 -0.987
for BOD-pH, BOD-COD, and BOD-heavy metals (Cr, igs g‘gii 8'223
Fe, Cu, Ni, and Mn). BOD is negligible in the chemical BOD _('). 669 _(') 303
factory wastewater and hence, the strong negative COD 0728 0.’582
correlation with pollutants that are present in large o 0.925 0.180
amounts in the water samples. Moreover, the heavy 0.806 0.489
metal loading and high pH of the water reduces the (-, 0.959 0.041
biodegradability of the effluent thereby reducing BOD. g 0.851 0.345
To gain further insight into the source and nature of ¢y 0.877 0.409
the pollutants, factor analysis was performed to identify  Ni 0.938 0.192
a small number of factors that explain most of the M™Mn 0.914 0.174
indices observed in water quality monitoring and to  Hg 0.702 0.489
assess water quality with combined factors (Gupta et al.  Eigenvalue 11.26 1.97
2013). Only factors with Eigen values greater than 1 are ~ Variability (%)  70.35 1231
retained. The results of the factor analysis are presented =~ Cumulative % 70.35 82.66

in Table 5. Two factors are extracted, which account for
82.66% of the total variance. The first factor (F1) Values in bo.ld c.orrespond for each variable to the factor for which the
explains 70.35% of the total variance, and contains a squared cosine is the largest

high positive loading of pH, ORP, TDS, TH, COD, Pb,
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Table 6.Correlation matrix of Channel surface sediment.

Variables pH EC oC Pb Cd Cr Fe Cu Ni Mn Hg
pH 1

EC 0.043 1

oC 0.653 0.388 1

Pb -0.812 0.053 -0.727 1

Cd -0.097 -0.483 -0.523 0.490 1

Cr -0.229 0.654 0.200 0.058 -0.712 1

Fe -0.321 -0.071 -0.242 0.587 0.292 0.153 1

Cu -0.519 0.629 0.216 0.228 -0.652 0.733 0.085 1

Ni -0.543 0.329 -0.039 0.278 -0.494 0.582 0.182 0.807 1

Mn -0.510 0.300 0.060 0.328 -0.413 0.561 0.444 0.795 0.941

Hg

-0.665

0.223

-0.162

0.520

-0.251

0.462

0.497

0.744

0.927

1

Note: Values in bold are significantly different from 0 with a significance level a = 0.05

Cd, Cr, Fe, Cu, Ni, Mn and Hg, showing that they may
be contributed primarily from the industrial processes
and are little influenced by natural systems. The second
factor (F2) accounts for 12.31% of the total variance, it
contains high negative loading for EC and TSS showing
that their origins may not be from industrial effluents,
may be sourced from surface runoffs.

Pearson’s correlation (Table 6) for the surface
sediment parameters shows a strong negative correlation
between pH-Pb and pH-Hg. Though Pb and Hg being
heavier are expected to deposit more in sediments with
increasing pH but it may undergo chelation with organic
material or other lithogenic influences, which either
prevents its deposition and removes it with the water or
helps in leaching down to deeper layers. Strong positive
correlation is seen for Cu-Ni, Cu-Cr, Cu-Mn, Mn-Ni,
Hg-Ni and Hg-Mn showing that they have similar
precipitation and mobility patterns in sediments.

Factor analysis of the surface sediments is
presented in Table 7. The three factors F1, F2 and F3
account for 85.32% of the cumulative variance. pH
shows strong negative loading in F1 while the heavy
metals Cr, Cu, Ni, Mn, and Hg show strong positive
loading in F1 which 43.03% of the total variance.
Therefore it can be concluded that these parameters are
strongly influenced by industrial discharges. The second
factor (F2) account 33.52% of the total variance and in
F2, organic C has strong negative values while Pb and
Cd show strong positive loadings. It indicates that even
though these parameters have a different source in
surface sediments, they may be influenced to some
extent by industrial discharges. Fe has positive loading

Table 7.Factor loadings for channel surface sediment.

Variables

pH -0.661 -0.602 0.196
EC 0414 -0.448 -0.159
oC -0.087 -0.934 0.298
Pb 0.467 0.767 0.038
Cd -0.446 0.748 0.341
Cr 0.671 -0.374 -0.236
Fe 0.349 0.376 0.418
Cu 0.898 -0.318 -0.175
Ni 0.904 -0.078 0.002
Mn 0.944 -0.075 0.312
Hg 0.948 0.155 0.269
Eigenvalue 5.16 4.02 1.05
Variability (%) 43.03 33.52 8.76
Cumulative % 43.03 76.55 85.32

Values in bold correspond for each variable to the factor for which the
squared cosine is the largest

in F3 which contribute 8.76% of the total variance and it
can be attributed to its high abundance in the background
levels due to the lateritic soil.

Statistical analysis reveals that strong positive
correlations between metal content in channel water with
metal concentrations in channel sediments: such as water
Pb with sedNi (r=0.957), Mn (r=0.951) and Hg
(r=0.932); water Ni with sedMn (r=0.920) and Hg
(r=0.956); water Mn with sedMn (r=0.925) and Hg
(r=0.950) and water Hg with sedNi (r=0.938), Mn
(r=0.970) and Hg (r=0.979), which suggests that these
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metals are from a common source i.e., industrial waste
disposal and effluents discharge into the channel, and
subsequent precipitation/adsorption of heavy metals in
channel sediments due to alkaline condition. Correlation
analysis between sediment metal content and surface
soils metal concentrations also execute strong positive
correlation for Pb (0.98), Hg (0.94), Mn (0.91) and Ni
(0.82); while for other metals correlation was found to be
insignificant.

Heavy Metal Contamination in Channel Water,
Sediment and Adjacent Soil

Several studies (Zahra et al. 2014, Gao etal. 2013, Gupta
et al. 2010, Amin et al. 2009) have demonstrated that the
metals concentration in water and soil-sediment system
can be the sensitive indicator of contaminants in the
hydrological system. Different pollution indices like
Contamination factor (Cy), heavy metal evaluation index
(HEI), enrichment factors (EF) and Geo-accumulation
index (I, were successfully used by earlier workers
singly or in combination for assessing heavy metal
enrichment/contamination in water and soil-sediment
system.

In our investigation, metal C;values (Table 8) in the
channel water samples followsare in the order of Hg >
Pb>Fe>Cr>Cd>Cu>Mn>Ni. The heavy metal evaluation
index (HEI=96.53) of channel waters was not much
significant.

The EF and I, values of heavy metals in surface
sediment (Table 8) follow the sequence of: Hg> Cd > Fe
>Pb>Mn> Cr > Ni > Cu. Heavy metal evaluation index
(HEI=211.07) of channel sediments can be explain by
the accumulation of metals due to the alkaline nature of
the industrial discharge (Salati et al. 2010).

To study the pattern of heavy metal contamination
and accumulation in the vertical soil profile, EF and I,
values are calculated (Table 9). Generally, the EF value
of about 1 suggests that a given metal may be entirely
from crustal materials or natural weathering processes
(Zhang et al. 2002). Nevertheless, a slight positive
deviation of EF value from unity may not arise from
anthropogenic activities, for the natural difference in
elemental composition between a pristine soil and the
reference Earth’s crust used in C; calculation could also
cause it. EF value of >1.5 suggests that a significant
portion of metal is delivered from non-crustal materials,
or non-natural weathering processes, so anthropogenic

Table 8. Heavy metal contamination in channel water and sediments with contamination factor(Cy), enrichment
factor(EF), geoaccumulation index (I,) and heavy metal evaluation index (HEI).

Metals Pb Cd Cr Fe Cu Ni Mn Hg
Channel water : C; 22.32 0.097 0.14 5.20 0.062 0.037 0.055  68.61
Heavy metal evaluation index (HEI) = 96.53
Channel sediment :
EF 4.92 8.86 3.54 5.23 1.98 2.08 4.01 180.44
I 1.72 2.56 1.24 1.80 0.40 0.47 1.42 6.91

geo

Heavy metal evaluation index (HEI) = 211.07

Table 9. Geoaccumulation index (I,,) and enrichment factors (EF) of heavy metals at vertical depth of channel

adjacent soil.

Depth of Pb Cd Cr Fe Cu Ni Mn Hg

soil (cm) EF 1, EF ., EF Lo EF 1., EF 1 EF 1 EF 1 S
0to 10 443 156 675 217 276 088 430 152 181 027 1.89 033 357 125 179.00 6.90
10 to 20 408 145 628 207 281 091 438 155 176 023 1.80 026 3.54 124 18200 692
20 to 30 337 117 549 187 270 085 422 149 171 019 171 019 328 113 181.00 691
30 to 40 2.68 084 406 144 238 067 378 133 161 010 167 016 286 093 157.50 6.71
40 to 50 242 069 256 077 221 056 334 116 1.53 003 1.62 011 268 083 13400 6.48
50 to 60 2.11 049 203 044 217 053 290 095 151 001 151 001 257 077 107.00 6.16
Mean 318 1.03 453 146 250 073 3.82 133 1.66 0.14 170 0.8 3.08 1.03 156.75 6.68
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sources may become an important contributor (Gao et al.
2012). The EF values of Cu and Ni at all soil profiles
shows deficiency to minimal enrichment. The EF values
of Pb, Cr, Fe and Mn at in all depth and Cd at 30-40, 40-
50 and 50-60cm are moderately enrichment in the soil
system (Table 9). Significant enrichment is observed for
Cdat0-10, 10-20 and 20-30cm in vertical soils. Whereas
the EF values for Hg at in all depths indicates extremely
high enrichment. The high EF values for of most metals
along the vertical depth of soil may pose potential
ground water pollution and chronic health hazard (Gibb
H. et al. 2014). Table 9 shows that the I, values of Cu,
Ni, and Cr in all vertical soil layers are <1, indicating no
pollution due to these metals at these soil profiles. The
L, values of Fe at most soil profiles and Pb and Mn at 0-
10, 10-20 and 20-30cm and Cd at 20-30 and 30-40cm
indicates slight pollution due to anthropogenic contri-
bution. Among the studied metals; Hg shows the highest
L, values along vertical depth of soils, falls under the
“extremely polluted class” for all the examined layers.

The high correlation is observed between metal C;
of channel water and metal I, of sediments suggesting
metal precipitation and accumulation in channel
sediments. Similarly strong positive correlation observed
for metal EF of sediment and surface soil (0-10cm),
whereas EF of metals and Igeo of metals along vertical
soil profile showed significant relation indicating their
primary sources are same(industrial dispose and
effluents discharge).

CONCLUSIONS

The present study concludes that the channel water,
sediment and soil samples are considerably polluted with
heavy metals due to the industrial processes and
anthropogenic activities along the monitored channel.
pH, TSS, COD values and concentrations of Fe, Pb, and
Hg in the channel water exceeds BIS standard. The high
alkaline nature of channel water leads to metal
deposition through the channel sediments. Total metal
concentration in the channel sediments followed in the
order of Fe >Mn> Cr >Pb> Cd > Cu > Ni > Hg. Most of
the metals studied except Cu and Ni are much higher in
concentration than the recommended sediment quality
guidelines. Total C; value in channel water samples
followed in the order of Hg >Pb> Fe > Cr > Cd > Cu
>Mn> Ni while EF and I, values of metal in channel
surface sediments follow the order of Hg > Cd > Fe
>Pb>Mn> Cr > Ni > Cu. Strong positive correlations (p
< 0.05) are found for C; values of channel water with

sediment I, values for metal content. Heavy metals
contentalong the vertical profiles of channel adjacent soil
shows mostly decreasing trends with increasing depth.
Heavy metal concentration in the channel soil profile
follow the order of Fe >Mn> Cr >Pb> Cu > Cd > Ni >
Hg. Among the studied metals, Hg has high EF and I,
values in soil layers even at 50-60cm depth indicates
mercury has significant downward mobility which can
entail potential risk at large scale contamination of
ground water in the studied region. The results of
multivariate statistical analysis indicates that heavy
metal contamination in water and sediments may be
related to two major sources i.e. industrial sources or
surface runoff (influences by lithogenic processes).
Presentstudy also reveals the strong positive correlation
between metal EF of sediment and surface soil (0-10cm),
while significant correlation between metal EF and ., of
metal along vertical soil layers suggesting heavy metal
contamination and accumulation mainly associated with
industrial discharge (anthropogenic factors). The result
of the present study suggests that the channel should be
given priority for effective treatment and management to
reduce the potential large scale risk to the environment.
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Supplementary 1.Correlation matrix of physicochemical parameter and heavy metals of the channel soil.

Variables pH EC oC Pb Cd Cr Fe Cu Ni Mn Hg
pH 1

EC 0974 1

oC 0.471 0510 1

Pb 0986 0991 0442 1

Cd 0981 0986 0.587 0.973 1

Cr 0967 0965 0.658 0.951 0.983 1

Fe 0938 0925 0.722  0.910 0.971 0.966 1

Cu 0989 0993 0.508  0.987 0.995 0.971 0946 1

Ni 0956 0957 0.405  0.969 0.951 0.891 0908 0964 1

Mn 0989 0989 0.556  0.987 0.989 0.988 0949 0990 0940 1

Hg 0911 0.887 0.735 0.871 0.948 0.941 0995 0918 0882 0916 1

Note: Values in bold are different from 0 with a significance level alpha=0.05



