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ABSTRACT

The present study is for investigation of sediment
in selected South Gujarat estuaries along the west
coast of India. In this paper, the assessment of heavy
metals in surface sediments with seasonal and annual
periods were carried out. The average and range con-
centration (mg/kg) of heavy metals was 2.95 — 22.03
(7.31) for Cd; 7.2 — 33.1 (15.0) for Cr; 7.2 — 20.33
(13.84) for Cu; 311.2 - 512.5 (385.26) for Fe; 12.52
—33.21 (19.19) for Mn; 1.84 — 11.69 (7.33) for Ni
and 4.93 — 44.5 (19.96) for Pb. Assessment of heavy
metals by cluster analysis and Pearson’s correlation
matrix was done and the results suggested positive
and/or negative correlations among heavy metals
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and with physico-chemical parameters. Cluster
analysis showed that the sources of Cd and Mn were
similar and sources of Pb and Cr were similar due to
anthropogenic inputs. Enrichment factor (EF) and
geo-accumulation index (Igeo) showed that the surface
sediment of selected estuaries heavily contaminated
by the Cd and Pb metals and this reflects the inten-
sity of anthropogenic inputs associated to industrial

discharge into the South Gujarat estuarine region.

Keywords: Selected South Gujarat estuaries, Heavy
metals, Contamination indices, Cluster analysis.

INTRODUCTION

Coastal area and estuaries are the very productive
aquatic ecosystems of the world, which have many
ecological and economic values (Mathivaman and
Rajaram 2013). Estuarine mangrove is dominant
ecosystems that line the coasts of sub-tropical and
tropical coastlines around the world and hold with
diverse biodiversity (Wolf and Weissing 2012). It is
considered the as most productive terrestrials and con-
sequently, it plays a vital role as a primary producer in
the estuarine systems, providing foods for inhabitants
(the fauna communities) (Zulkifli ez a/.2012) and also



adjacent coastal food web (Marchand et al. 2011,
Zulkifli et al. 2014). Mangrove is bio-indicators for
different types of environmental pollution including
heavy metals, organic pollutants and hydrocarbons.

Heavy metals are naturally occurring compound-
ed elements in the environment, which have different
concentrations along with the earth’s crust. They are
non-degradable pollutants, which degraded slowly
by the biological or chemical process (Singare et
al. 2012). It became toxic and carcinogenic when it
exceeds the permissible value.

Source of heavy metals in sediments can origi-
nate from both natural sources and human activities,
it can enter the food web and cause health problems.
Heavy metals came from different anthropogenic
sources via various industries like i.e. fertilizer, au-
tomobiles, pesticides, paints, photographic papers,
photo chemicals, textiles, electroplating, ore process-
ing, mining industries (Lohani ez al. 2008).The major
reservoir of pollutants came from estuaries, rivers
and their tributaries, which carriesa vast amount of
industrial and domestic wastage from upper stretches
to the coastal region.

Sediment is a key indicator for water pollu-
tion (Nobi et al. 2010, Harikumar and Nasir 2010,
Yang et al. 2012, Hui-na et al. 2012), especially for
heavy metals,which enters from sediment to water
column that can incorporate into the aquatic food
webs through sediment-water exchanges and then
biomagnified in food webs at higher levels (Hosono
et al. 2011). This process may cause potential dam-
age to mammals, vertebrates as well as to human
health. Sediment provides habitations for numerous
aquatic organisms that are polluted by various forms
of hazardous and toxic substances, including heavy
metals and they are carriers of sink heavy metals in
the hydrological cycle (Baran and Tarnawski 2015,
Ho et al.2010). Most of the investigation in India
was focused on heavy metal contamination in marine
sediments on estuaries and semi-closed bays (Sugirtha
and Sheela 2014, Mitra ef al. 2012). Present study
area, South Gujarat which is a golden corridor for
industrialization and fishing activities for the last 20
years. There are many industries located in the bank
of South Gujarat Rivers, which have an inversed
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impact on the environment.

Several previous studies suggested that at these
are possesses the high level of pollution in water and
sediment (Zingde et al. 1979, Zingde et al. 1980,
Zingde et al. 1986, Nirmal Kumar et al. 2009, Saha
et al.2017,2001 ). Dudani et al. (2017) finding that
the accumulation of heavy metals by mangroves and
results shows high pollution in these areas due to the
disposal of industrial effluents. With the help of the
present study,we have evaluated the data set of heavy
metals present in surface sediments.The aim of this
study is to assess and monitoring the distribution of
six heavy metal (Cd, Pb, Cu, Ni, Mn, Fe) with contam-
ination indices in surface sediments of these estuaries.

MATERIALS AND METHODS
Study area

The present study area (South Gujarat), which is
situated on the west coast of India and categorized
as a tropical monsoon climate with strong precipita-
tion mainly from June to November. In this study,
four estuaries of South Gujarat were selected for the
evaluation of heavy metal contamination in surface
sediments. Selected estuaries with GPS co-ordination
is : 1) Varoli (latitude 20.21163 N; longitude 72.75619
E), 2) Damanganga (latitude 20.41241 N; longitude
72.84033 E), 3) Kolak (latitude 20.46548 N; longitude
72.8574 E) and 4) Par (latitude 20.5341 N; longitude
72.8881 E) showed in Fig. 1.

All these rivers drain to the Arabian Sea at dif-
ferent locations. These rivers are peninsular hence
in the summer mostly rivers are dried. In this region,
sea presenter hasa very high current and high tidal
impact. Soil texture from these areas was muddy and
salty rocky clay type. During the low tide period, the
sea water penetrates up to 45 km from the sea.The
opening regions of these estuaries receive a high
amount of industrial as well as domestic effluents,
which is the main source of various heavy metals.
Major industrial wastewater discharged in these riv-
ers, which contain effluent from the pharmaceutical
Industries, Chemical Industries and pesticide others
in the nearby vicinity. As a consequence of strong
precipitation, river sediment transport characteristics
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Fig. 1. Map of sampling locations (1) Varoli (2) Damanganga (3) Kolak and (4) Par estuaries of South Gujarat

in the catchment area may be variable.
Sample collection of sediments

Sediment samples were collected from four different
located estuaries of South Gujarat with the seasonal
collection.Total of 24 surface sediment samples were
collected from the four adjacent estuaries of South
Guyjarat for the analysis of heavy metals. The surface
sediment samples were collected from the surface top
at the level of 0.5 cm depth and carried out with a
Van Veen grab during three consequent seasons i.e.,
pre-monsoon (May), post-monsoon (November) and
winter (March) for the year of 2015-2017. The short
symbol S, PM, W for pre-monsoon, post-monsoon
and winter respectively are used. Sediment samples
were dried in an oven at 60-80°C in the laboratory,
passed through a 100-mesh sieve (nylon) and then
homogenized and keep in a desiccator until analysis.

Methods for sediment analysis

Heavy metals in sediments were digested and pre-

pared. The analysis of samples using the US EPA
method of 3052 was carried out. Metals Cd, Cr, Cu,
Ni, Mn, Fe and Pb were determined by inductively
coupled plasma mass spectroscopy (ICP-MS, Shi-
madzu).The detection limits for heavy metals are
Cr: 0.06 mg/kg,Cd: 0.1 pg/kg, Mn: 0.02 mg/kg, Cu:
0.1 mg/kg, Ni: 0.2 mg/kg, Fe: 0.2 mg/kg and for Pb:
0.2 pg/kg. Sediment samples were analyzed in three
replicates for relative standard deviation (%RSD)
which was less than 9.50% and this analysis was
done by Coastal Center for Marine Research CCMR,
Tuticorin, Tamilnadu. The pH, conductivity and sa-
linity were determined using a standard protocol of
Magdoff (1996), Smith and Doran (1996) and using
Eutech PCD 650 instrument.

Assessment of metal contamination indices

The latent source and contamination of metal the
enrichment indexes like Enrichment Factor (EF)and
geo-accumulation index (I, ) are used to assess the
occurrence and intensity of anthropogenic contam-
ination deposition on topsoil. These are intending



by normalization of one metal concentration in the
topsoil with respect to the reference metal concentra-
tion of Earth crust (Turkeian and Woodphool 1967).
Enrichment factor (EF) was done by the following
equation:
Cm Cm
EF=(

) sample / (

) background
Cfe Cfe

Whereas, (C /C,) sample is the ratio of the
analyzed concentration of heavy metal (C, ) to that
of Iron (C,) is analyzed sediment sample and (C, /
C,.) background is reference ratio in the background
sample (Xu et al. 2018). Background value for sed-
imentary rocks (shale) value (mg/kg) were for Fe
(47,200), Mn (850), Cu (45), Cr (90), Cd (0.3) and
Pb (20) which is given by Turkeian and Woodphool
(1967). The degree of metal enrichment is based on
Enrichment factor (EF) value as : <2 : depletion to
minimal enrichment, 2-5 :moderate enrichment,
5-20 : significant enrichment, 20—40 : very high
enrichment, >40 : extremely high enrichment. The
geo accumulation index (Igeu) is expressed as follows :

I.=Log,(C, /1.58)

Where, C,_ and B, are the measured and back-
ground values of the analyzed metal. A factor of 1.5
is applied as of lithogenic effects. The I, is defined
as Unpolluted (Igm < 0), unpolluted to moderately
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polluted (0 </, <1), moderately polluted (1 </, <2),
moderately to strongly polluted (2 </, <3), strongly
polluted (3 </, < 4), strongly to extremely polluted
(4 <I,,<5) and extremely polluted (5 </, <6).

Statistical analyses

In the present study, SPSS (statistical software)
was used for cluster analysis (CA) and correlation
analysis. For the determination of correlation of all
these metals with physico-chemical parameters, the
correlation matrix is used. Cluster analysis is per-
formed for an element of different sources and finding
the similarities of chemical properties, which could
be done automatically by the hierarchical cluster
analysis procedure.

RESULTS AND DISCUSSION
Heavy metals in surface sediments

The seasonal variations of heavy metals (Cd, Cr, Cu,
Fe, Mn, Ni and Pb) concentrations at the selected
locations along the South Gujarat estuaries in the
surface sediment are shown in Figs. 2 (a), 2(b),
3(a), 3(b) and 4(a), 4(b).The range and average heavy
metals concentrations (mg/kg) were Cd 2.95 —22.03;
(7.31),Cr7.2-33.1; (15.0), Cu 7.2 - 20.33; (13.84),
Fe311.2-512.5;(385.26), Mn 12.52-33.21;(19.19),
Ni 1.84 — 11.69;(7.33) and Pb 4.93 — 44.5; (19.96).

Ccd
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S PM W
Daman
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Kolak Par

Varoli
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2(b)

Fig. 2(a) and 2(b). Seasonal distribution of Cd (mg/ kg) and Cr (mg/kg) in the surface sediment samples of selected South Gujarat
estuaries. Values expressed are average and vertical bar in each point represents the standard deviation (+).
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Fig. 3(a) and 3(b). Seasonal distribution of Cu (mg/ kg) and Mn (mg/kg) in the surface sediment samples of selected South Gujarat
estuaries. Values expressed are average and vertical bar in each point represents the standard deviation (+).

The average concentration of Cd (mg/kg) is
: Damanganga (13.99) followed by Varoli (5.53),
Kolak (5.40) and Par (4.34), which is represented in
Fig. 2 (a). The maximum concentration of Cd was
recorded in Damanganga (22.03 mg/kg) during the
winter season. The minimum Cd was recorded 2.95
(mg/kg) in Par during the post-monsoon season. The
average concentration of Cr (mg/kg) order is Daman-
ganga (16.41) followed by Par (16.23), Kolak (15.92)
and Varoli (11.46) which is depicted in Fig. 2(b).
The maximum concentration of Cr was recorded in
Damanganga (33.17 mg/kg) during the winter season.
The minimum Cr was recorded 7.2 mg/kg in Varoli
during the post-monsoon season.

The average concentration of Cu (mg/kg) order is
Kolak (17.02) followed by Par (13.84), Damanganga
(13.05) and Varoli (11.44) which is depicted in Fig.
3(a). The maximum concentration of Cu was record-
ed in Kolak (22.33 mg/kg) during the pre-monsoon
season. The minimum Cu was obtained in Varoli (7.2
mg/kg) during the post-monsoon season.The average
concentration of Mn (mg/kg) is: Damanganga (21.26)
followed by Par (19.27), Varoli (18.67) and Kolak
(17.57) which is depicted in Fig. 3(b). The maximum
concentration of Mn was documented in Damanganga
(33.21 mg/kg) during the post-monsoon season. The
minimum Mn was recorded 12.52 mg/kg in Varoli
during the post-monsoon season.

The average concentration of Ni (mg/kg) is : Par
(8.16) followed by Kolak (8.03), Damanganga (6.78)
and Varoli (6.36) which is depicted in Fig. 4(a). The

maximum concentration of Ni was recorded in Kolak
(11.69 mg/kg) during the winter season. The mini-
mum Ni was recorded 1.84 mg/kg in Varoli during
the pre-monsoon season.The average concentration of
Pb (mg/kg) is:Par(20.48) followed by Kolak (20.90),
Damanganga (18.61) and Varoli (11.85) which is
depicted in Fig. 4(b). The maximum concentration
of Pb was recorded in Par (44.5 mg/kg) during the
pre-monsoon season. The minimum Pb was recorded
4.93 mg/kg in Varoli during the winter season.

The average concentration of Fe (mg/kg) order
is Par (476.7) followed by Kolak (379), Damanganga
(357.6) and Varoli (326). The maximum concentration
of Fe was recorded in Par (512.5mg/kg) during the
winter season. The minimum Fe was recorded 311
(mg/kg) in Varoli during the winter season.

The seasonal distribution of heavy metals in
the pre-monsoon season with average concentra-
tion (mg/kg) follow order: Mn (20.61+1.69) > Pb
(20.33+£10.45) > Cu (15.87+1.12) > Cr (15.36+£3.15)
>Cd (8.37+2.11) > Ni (4.9540.694). In the post-mon-
soon season, the order of average concentration of
metals was: Mn (18.04+3.99) > Pb (15.91+£5.82) >
Cu (12.76£1.60) > Cr (11.54+2.54) > Ni (6.92+0.86)
> Cd (5.0£1.27). In the winter season, average
concentration of metals was Pb (23.61+6.40) > Mn
(18.92+1.76) > Cr (18.1144.93) >Cu (12.88+1.8) >Ni
(8.71£1.54) >Cd (8.55+1.47).

The results of heavy metals showed that the
Damanganga and Par estuaries were possessed a
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Table 1. Pearson’s correlation matrix for heavy metals and physico-chemical parameter of sediments (n=24). * Correlation is signifi-
cant at the 0.05 level (2-tailed). ** Correlation is significant at the 0.01 level (2-tailed).

Cd Ni Mn Cu Pb Cr pH EC Salinity OM
Cd 1
Ni -0.001 1
Mn 0.329*  -0.078 1
Cu 0.054 0.095 0.258 1
Pb 0.061 0.173 0.047 0.278 1
Cr 0.383*  0.222 0.374*  0.370%  0.720%* 1
pH -0.141 0.149 -0.421*%  0.218 0.399*  0.207 1
EC -0.190 -0.051 -0.093 -0.527%*  -0.244 -0.464*  -0.201 1
Salinity  -0.202 -0.042 -0.048 -0.505*%  -0.271 -0.468*  -0.251 0.995%* 1
oM 0.180 0.025 0.077 -0.199 -0.334*%  -0.257 -0.313*%  0.481*  0.494* 1

higher Pb, Cd and Cr concentration than other se-
lected estuaries. The Varoli estuary has the lowest
metal concentration in comparison to other selected
estuaries. The seasonal distribution of heavy metals
in selected estuaries showed that the highest metal
concentration was found during the pre-monsoon
followed by winter and post-monsoon season re-
spectively. During the post-monsoon seasons, the
high evaporation rate of water and low availabilities
of freshwater leads to the high deposition of heavy
metals in sediments. In post-monsoon, the effect of
dilution and freshwater lead transfer the metals into
oceans hence the deposition of metals is less compare
to other seasons.

The concentration of Fe was highest and Cd was
lowest at all stations except in Damanganga. The
assessment of heavy metals study suggested that the

Varoli estuary was less contaminated as compared to
other estuaries but in Varoli estuary the concentration
of Cd found higher than acceptable limits of earth
curst. Varoli estuary is adjacent to Damanganga,
which is heavily contaminated by Cd. The Cd has
low penetration power and high mass density, which
allowed to present in sediments for a long time.
The results of Damanganga estuary showed that
the average concentrations of Cd, Mn and Cr were
found higher. Par estuary was contaminated by the
Pb, which is supported by a previous study (Zingde
et al. 1981). Kolak estuary has the highest average
concentration of Cu, which is an essential metal to
the survival of living things.The results showed that
seasonal, anthropogenic activity and weathering have
an influence on the variation of these metals.

Industries were discharged effluent into the rivers

Ni Pb
18 50
16 45
14 40
35
I 510
£ Iy
g 525
:
15
4 10
2 5
0 0
S PM W|S PM W|S PM W[S PM W
Varoli Daman Kolak Varoli Daman Kolak Par
Stations Stations
4(a) 4(b)

Fig. 4(a) and 4(b). Seasonal distribution of Ni (mg/ kg) and Pb (mg/kg) in the surface sediment samples of selected South Gujarat
estuaries. Values expressed are average and vertical bar in each point represents the standard deviation (+).



262

25 b
20 [

15 F

Varoli Daman

S Pm W S Pm w

mpH mCoductivity (mS/cm) = Salinity (ppt) = OM (%)

S Pm W S Pm A\
Kolak Par

Fig. 5. Seasonal distribution of pH, conductivity (mS/cm), salinity (ppt) and organic matter (%) in the surface sediment samples of
selected South Gujarat estuaries. Values expressed are average and vertical bar in each point represents the standard deviation (+).

streams and directly into the estuaries is the chief
cause for the higher concentration of heavy metals
especially the toxic metals in the study areas. The
results of sediments in particularly the high content
of Cd and Pb is a major concern for the study area
due to the presence of recyclers of Pb and Cd based
industries in this region.

Physico-chemical parameters of sediment

The results of physico-chemical parameters of sed-
iment fluctuated with the seasonal change and are
depicted in Fig. 5. The range and average value were
for pH 6.86 — 8.26; (7.75), conductivity 5.54 — 27.6;
(13.04) mS/cm, salinity 3.02 — 19.21; (8.22) ppt and
organic matter (%). 1.1 —14.65; (5.45).

The average pH was found maximum in Varoli
(8.26) and a minimum in Damanganga (6.86). The
average pH was found higher in pre-monsoon (7.87)
and lower in post-monsoon (7.64). The average con-
ductivity (mS/cm) was found maximum in Varoli
(27.6) and a minimum of 5.54 in Kolak. The average
conductivity (mS/cm) was found higher in 20.84 in a

post-monsoon decreased to 9.70 in winter and 8.56
in pre-monsoon.The distribution of organic matter
varied from 1.1 to 14.65 (%) in the sediments. The
highest concentration of organic matter was found
at Damanganga 14.65 % and the lowest was 1.1 %
in Varoli. The average organic matter (%) was found
higher in post-monsoon (6.98) followed by a slight
decrease in winter (4.73) and lowest in pre-monsoon
(4.63).

In the post-monsoon season, average conductiv-
ity and salinity were found much higher as compared
to other seasons because of mudflat well mixing of
saline water with the sediment. In the pre-monsoon
season, the deposition of salt was found higher.
Water salinity of these regions is much higher in
the all-seasons due to these rivers are peninsular
and dry almost in all seasons. The results of average
organic matter were found higher in post-monsoon
(6.98 %) and similar results were observed by Sobha
(2016),George et al. (2012). During post-monsoon,
the river discharge was brought a large amount of or-
ganic matter to these estuaries. It also brings nutrients
and suspended particulate matter (SPM), which leads
to the high organic matter in post-monsoon.
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Fig. 6. Cluster of parameters by paired group-correlation method.

Pearson’s correlation matrix for heavy
metals in surface sediments

Table 1 shows Pearson’s correlation matrix for the
determination of the relationships between heavy
metals (Cd, Cr, Mn, Ni, Pb) and physico-chemical
parameters. Cd showed positive correlation with Mn
(r = 0.329, p<0.05) and Cr (r = 0.383, p<0.05). Ni
was not correlated with any metal, which suggests
that the source of Ni was individual and comes from
natural availability.

Mn showed a positive correlation with Cr (r =
0.374, p<0.05) and negatively correlated with pH
(r =-0.421). Cu showed a positive correlation with
Cr (r = 370, p<0.05) and negative correlation with
conductivity (r = -0.527, p<0.01) and salinity (r =
-0.505, p<0.01). Pb showeda positive correlation with
Cr (r=0.720, p<0.01), pH (r = -0.399, p<0.05) and
negatively correlated with organic matter (r=-0.334,
p<0.05). The pH showed a negative correlation with
organic matter (r = -0.313, p<0.05). Correlation
matrix showed that the Cr was positively correlated
with all-metals except with Ni, which suggested that
sources of Crwere the same for all these estuaries
either natural or anthropogenic. The effect of soil pH
was not very much influencedon all metals expect
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Pb. The organic matter (OM) showed a positive cor-
relationwith salinity and conductivity. The positive
correlation between Cr and Pb was due to both were
coming from a common anthropogenic source. There
is an influence of pH on the availability of Cu con-
centration. Organic matter is not correlated with any
heavy metals except with Pb. OM is also positively
correlated with dissolved inorganic salts.

Spatial distributions and sources of
heavy metals by cluster analysis

Fig. 6 showed the sediment cluster, which suggested
that cluster 1 formed by conductivity, salinity and
organic matter. The reason behind these estuaries is
well dominant on the tidal and seasonal influence.
Cluster 2 formed by Cd and Mn and result of cor-
relation matrix showed a positive correlation of both
these metals, which suggested that the sources of
these metals were similar. Cluster 3 formed by Cr
and Pb, which is furthered co-clustered by Cu, which
showed that sources were from an industrial and do-
mestic discharge. CA is also suggesting that Ni has
no direct association with any other heavy metals and
physico-chemical parameters.

Assessment of sediment contamination

The average value of enrichment factor (EF) for Cd:
(309.9), Pb: (119.7), Cu: (38.1), Cr: (20.5), Ni: (15.38)
and Mn: (2.82).The EFs showed the following order :
Cd >Pb>Cu>Cr > Ni>Mn. The average EF for Mn is
of suggestive that a moderate enrichment and source
of this metal is a natural continental shelf. The average
EF for Cd and Pb is suggested that extremely high en-
richment and sources of these metals from industrial
and also comes from domestic waste.The EF for Cu
and Cr values suggested a very high enrichment of
such metals, which is due to a natural and anthropo-
genic source. The elevated EF values in Damanganga
suggested the highest enrichment of Cd, Mn and Cr
is due to the effluent discharge channel of industries
and domestic waste inputs in the catchments of this
river. The EF value for Cd in all selected estuaries had
very much higher than the natural enrichments. The
metallic properties of Cd and all these estuaries are
adjacent to each other leads to pollution of Cd in these
regions. The Par River contaminated by Pb and Kolak
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Table 2. Average concentration of heavy metals in sediments of South Gujarat estuaries and other estuaries of the world in mg/kg.

Estuary Location Cd Cr Pb Cu Ni Fe Mn Reference
Dhamara, India 1.63 347 31.90 29.40 64.20 - 652.3 Asaet al. (2013)
Sundarbans of 2.84-5.78 - 36.81-61.38  43.61-79.87 - 1.9% 200- 445 Saha et al. (2001)
West Bengal 25%
Gizri Creek 9.94 346 50.28 88.33 18.50 1.45% 10.66 Siddique et al. (2009)
Gomti, India 2.42 8.15  40.33 5.00 15.17 2662 - Singh et al. (2005)
Manakudy, India - 78 29.54 17.14 94.0 - 103.70 Sugirtha et al. (2014)
Rupnarayan, 1.6 - 14.30 15.10 22.40 1.72% - Kumar et al. (2011)
West Bengal
Feni, - 3528 647 - 33.27 - 37.85 Islam et al. (2018)
Nigeria
Minho, Iberia - 22.2 14.60 5.60 - - 0.03 Mil-Homens et al.
(2013)

Karnaphuli, 0.63 11.56 21.98 - - - - Ali et al. (2016)
Banladesh 3.56 - 73.42

35.48
Average earth shale 0.3 90 20 45 68 4.72% 850 Turkeian and
abundance Woodphool (1961)
Earth crust 0.2 100 12.5 55 75 5.63% 950 Taylor (1964)
abundance
Varoli 5.53 11.46 11.85 11.44 6.36 326.6 18.67
Daman 13.99 16.41 18.61 13.05 6.78 357.6 21.26  Present selected
Kolak 5.40 15.92 20.90 17.02 8.03 379.9 17.57 South Gujarat
Par 4.34 16.23 28.48 13.84 8.16 476.7 19.27 estuaries

estuary has the highest enrichment for Ni and Cu.

The average I values for heavy metals is giv-
en in decreasing order: Cd: (3.77), Pb: (-0.86), Cu:
(-2.32), Cr: (-3.27), Ni: (-3.72) and Mn: (-6.09). The
average I | value of Cd in Damanganga was five and
it was four for other estuaries,which recommends a
strong to extreme pollution by Cd metal.Igeoval-
ues for Cr, Pb, Cu, Mn and Ni < 0 indicate that the
metals in the surface sediment are originated from
natural crustal contributions and do not represent
contamination by anthropogenic sources. During
the pre-monsoon season in the Par estuary, the L,
value of Pb found < 1 indicating it is originated from
anthropogenic sources. The previous study by Zingde
(1980) showed that the Par River was contaminated
by Pb metal.

Heavy metals comparison with Earth crust
and other parts of the world

The concentration of heavy metals was evaluated in
the surface sediment of our study area and is in accor-
dance with the other part of the world. A comparison

is shown in Table 2. The average concentration of
Cd in surface sediments in the study area was found
higher than the average Earth crust and shale value.
The average concentration of Cd in Damanganga is
comparatively high as compared to other reported
studies. While, the average concentration of Mn, Cer,
Ni and Fe were found lower than the average Earth
shale (Table 2). The concentration of Cr found lower
in the present study as compared to other reported
studies except for the Gomti River. The average
concentration of Cu was found comparatively lower
than other reported studies except for Gomti and
Minho River (Singh et al. 2005, Mil-Homens ef al.
2013).The concentration of Mn and Ni was found
lower as compared to other studies except for Mn
in Minho River. The average concentration of Pb
was found slightly higher in Kolak and Par than the
average Earth shell and crust. Pb was found lower in
the present study than other reported studies except
for Rupnarayan, Feni and Minho River.

CONCLUSION

The results of this study are exposed that heavy metals



in sediment are the result of their accumulation over
a long period. But estuaries are under the active dy-
namics with tidal and monsoon flushing is changing
availabilities of metals in sediment of the estuaries.
The results from this study indicated that the surface
sediment is highly contaminated by the Cd metal
followed by Pb and Cr. Cluster analysis is indicated
that the sources of Pb, Cd and Cr are mainly derived
from coastal industrial effluents, whereas Mn, Ni
and Fe are mainly formed Earth crust and natural
weathering. The pollution contamination indices EF
and Igm showed that the metals Cd, Pb and Cr have
moderate to high enrichment in the present study area
and it is primarily due to anthropogenic pollution,
whereas the other heavy metals Fe, Mn, Ni and Cu in
the study area may originate mainly in Earth crustal
materials or natural weathering processes.Cluster
analysis is also suggesting that the physico-chemical
parameters of sediment are correlated to each other
and not influenced by availabilities of heavy metals.
It is concluded that heavy metal contamination in the
marine environment of the Damanganga, Kolak and
Par estuary region is caused mainly by anthropogenic
activities.
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