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Abstract Sediment core from Korangi Creek, one of
the polluted coastal locations along the Karachi Coast
Pakistan, was collected to trace the history of marine
pollution and to determine the impact of industrial ac-
tivity in the area. Down core variation of metals such as
Ca, K, Mg, AL, S, Ti, V, Cr, Mn, Fe, Ni, Cu and Zn was
studied in the 72.0 cm core. Nuclear analytical techni-
ques, proton induced X-rays emission (PIXE), was
employed to ascertain the chemical composition in sed-
iment core. Grain size analysis and sediment composi-
tion of cored samples indicated that Korangi creek
sediments are clayey in nature. Correlation matrix
revealed a strong association of Ni, Cu, Cr and Zn with
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Fe and Mn. To infer anthropogenic input, enrichment
factor (EF), degree of contamination and pollution load
index were calculated. EF showed severe enrichment in
surface sediment for Ni, Cu, Cr and Zn, indicating
increased industrial effluents discharge in recent years.
The study suggests that heavy metal discharge in the
area should be regulated. If the present trend of enrich-
ment is allowed to continue unabated, it is most likely
that the local food web complexes in the creek might be
at highest risk.

Keywords Metals - Sediments - Korangi - Enrichment -
Pollution - Toxicology

Introduction

Marine pollution due to urbanization and industrial de-
velopment is a major concern worldwide (Heyvaert et
al. 2000; Alemdaroglu et al. 2003; Nadia et al. 2009; Liu
et al. 2010). Among the components of the marine
environment, sediments play a critical role in distribu-
tion and circulation of toxic compounds. Marine sedi-
ments confiscate hydrophobic chemical pollutants
entering marine environments and act as sensitive indi-
cators for monitoring contaminants in water bodies
(Cohen 2003). The sediments can be polluted with
various kinds of hazardous and toxic substances,
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including metals which get accumulated in sediments.
Concentration of metals in coastal estuaries can be ele-
vated due to high inputs from natural, as well as anthro-
pogenic sources. Metals derived from lithogenous and
non-lithogenous sources tend to accumulate in upper
few centimeters of the coastal sediments (Karbassi and
Amirnezhad 2004). Accumulations of metals are gov-
emed by biological and geological machanisms. The
favorable physicochemical conditions of the sediments
can remobilize and release the metals to the water col-
umn causing potential adverse effects to the ecosystem.
Moreover, metals can be directly taken up by the benthic
organisms which in turn increase chances of entering
these metals in marine food chain (Chen et al. 2007). In
recent years, metal pollution studies, especially in coast-
al regions near large industrial and urban areas, have
attracted significant attention as it is linked to the dete-
rioration of marine ecosystems (Mudroch et al. 1988). It
has been reported that pollution problems in such areas
lead to increased metals levels by five or ten times than
those characteristic of 50 to 100 years ago (Cardoso et
al. 2001). Sediment cores analysis provides useful in-
formation on the changes in the quality of the marine
environment from a past period as well as historical
record of various influences on aquatic system by pro-
viding information about anthropogenic input of metals
over an extended peroid of time (Kumar and Edward
2009). The environmental geochemistry of Karachi
coast sediments has receieved little attention. This paper
is an attempt to examine the content and spatial distri-
bution of the chemical composition sediments core col-
lected from Korangi Creek, which is a recipient of
industrial effluents along Karachi Coast in order to
provide fundamental data for understanding the natural
behavior of metals in sediments core and their enrich-
ment with time.

Study area

Karachi is the largest city of Pakistan and a hub of
industrial activity. The coastal zone of Karachi, which
extends up to 135 km, is exposed to heavy pollution
load of both domestic and industrial origin
(Mashiatullah et al. 2009; Munshi et al. 2004). With
time, urbanization discharges of sewage and industrial
effluent into aquatic and marine ecosystems is also on
the rise. The organic load of sewage depletes oxygen
levels in water and indirectly reduces the diversity of
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animal and plant life. Korangi creek is situated on the
southeast coast of Karachi and depicts an environment
which is subjected to a type of anthropogenic stress
(Fig. 1). It receives industrial effluents from Korangi
and Landhi Insdustrial state. In addition to these efflu-
ents, the untreated wastewater from metropolis of
Karachi, and domestic effluents from smaller coastal
settlements are also released into the creek. The
Korangi creek area is dominated by mangroves that
serve as a spawning and nursery ground for a number
of commercially important marine fauna. The toxic
pollutants from the Korangi Creek reach the mangrove
areas which may pose serious and potential health haz-
ards to fisheries and other fauna in the area (IUCN 2005;
Shahzad et al. 2009). The impacts of these pollutants on
commercial fin-fish and shrimp fisheries are unknown,
but are likely to be significant (WWF 2000).

Materials and methods
Core collections

Sediment core was collected from Korangi creek (24°
46'30"N and 67°13'18"E). The sampling location was
determined by GARMIN III global positioning system
(GPS). Core was collected from a boat with the help of
a gravity corer (KC Kojak Demanmark A/S) having
acrylic coring pipe (2 m long and 7 cm diameter).
Acid-washed coring pipe was driven into the sediment
until it reached a depth of 73 cm. The core was slowly
retrieved, closed with its cover immediately and
marked as to which is the upward direction. The core
was transported in a vertical position and frozen for
2 days in vertical position after which it was sliced at
2.5-cm increments, and the sliced samples were stored
in clean, labeled polythene bags. Prior to the analysis,
all sediment samples were dried at 70-80 °C until
constant weight. The shells in the sediments were
handpicked. Raw samples were used to determine
grain size and sediment composition. Sediment com-
position was determined following Krumbein and
Pettijohn (1938) method. Grain size analysis was done
using a set of five sieves ranging from 2 mm to 70 pm
for 15 min using Rotop sieve shaker (Folk and Ward
1957). Nature of the sediments was found out the
using GRADISTAT software. Enrichment factor (EF)
was calculated as described by Mashiatullah et al.
(2011) and Ghaffar et al. (2010).
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Karachi City

Fig. 1 Location map of the study area

Sample preparation for metal analysis by PIXE
The principal analytical technique used to ascertain

the chemical composition in sediment core was
proton induced X-rays emission (PIXE). Five

Table 1 PIXE analysis of soil-7 IAEA reference material

Elements IAEA result (mg/kg) Laboratory result
95 % confidence (mg/kg)

Mg 11,000-11,800 5,060+330

Al 44,000-51,000 51,600+2,830

Si 169,000-201,000 160,400+8,660

K 11,300-12,700 12,300+713

Ca 157,000-174,000 211,260+11,408

Mn 604-650 740+140

Fe 25,300-26,300 27,400+1510
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milligrams of each sediment sample was mixed
with 10 pl of Y(NOj); solution in double-
distilled water containing 1.16 mg of yttrium as
internal standard and mounted on a small piece of
20-pm-thick Mylar. The area covered by the sam-
ple on the Mylar was about 1.5 cm?® The samples
were placed inside a desiccator and dried under a
lamp. The samples were mounted on a wheel
controlled by a stepper motor and placed inside
the analytical work station for analysis (Ahmad et
al. 2010).

The samples were irradiated by a proton beam of
3.8 MeV energy from the National Electrostatic
Corporation tandem pelletron accelerator model
6SDH-2 installed at the Accelerator Laboratory of
Centre for Advanced Studies in Physics, Government
College University Lahore. The characteristic X-
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Table 2 Description of the sediment (surface)

(um) ¢ Grain size distribution

Mode 1 2,400.0 —1.243 Gravel 20.1 % Coarse sand 2.0 %
Sand 20.0 % Medium sand 1.0 %
Mud 0.0 % Fine sand 0.0 %

Dy 1,403.8 —1.423 Clay 57.0 % V Fine sand 0.9 %

Median or Ds 2,257.3 -1.175 V coarse gravel 0.0 % V Coarse silt 0.0 %

Dy 2,681.9 —0.489 Coarse gravel 0.0 % Coarse silt 0.0 %

(Dgo/D1¢) 1.911 0.344 Medium gravel 0.0 % Medium silt 0.0 %

(Dog—D10) 1,278.1 0.934 Fine gravel 0.0 % Fine silt 0.0 %

(D75/Dss) 1.240 0.766

(D75-D3s) 487.3 0.311

rays emitted by the target were detected by an
energy- dispersive Si (Li) detector placed at right
angle to the direction of proton beam at a distance
of approximately 15 cm. The detector has an area
of 30 mm? and an energy resolution of 138 eV.
The detector has 0.34-pum-thick aluminum-coated
NORVAR window. The semiconductor detector
was cooled to liquid nitrogen temperature for op-
timum result. Beam current used in the experiment
was ten nano-amperes and each sample was irra-
diated for 900 s. The beam current was measured
by a Faraday cup. The signal from the detector
was processed by the usual PIXE electronics and
displayed by multi channel analyzer as channel

(elements) versus peak height (concentration) spec-
trum. The spectrum for each sample was recorded
and stored in the computer. The detector was en-
ergy calibrated by the characteristic L X-rays
emission from a gold target.The system was cali-
brated for concentration measurements by K X-
rays using known salt mixture containing 12 ele-
ments Z=11 to Z=38 with Y (NOs); as internal
standard and by L X-rays. To check the accuracy
of calibration, the target was prepared from the
International Atomic Energy Agency (IAEA) refer-
ence material SOIL-7 in a manner described above
using Y as the internal standard. The results
obtained for the IAEA SOIL-7 reference material

GRAIN SIZE DISTRIBUTION
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Fig. 2 Grain size of Korangi Creek sediment
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Fig. 3 Percent composition Composition (%)
of sand, silt and clay in the 0 10 20 30 40 50 60 70
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are presented in Table 1. Error for the elements is 19 %. The measured value of Mg differs from

Al, K, Ca, and Fe is less than 7 % and for Mn, it the TAEA value by a factor of 2; this could

Fig. 4 Downward profile of pH
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perhaps be due to the self-absorption of low ener-
gy X-rays of Mg. Concentration of all other ele-
ments are within or close to the range specified by
IAEA.

Result and discussion
Grain size and sediment composition

Grain size distribution is one of the most important
characteristics of sediments. It is the most fundamental
property of sediment particles, affecting their entrain-
ment, transport and deposition. Grain size analysis,
therefore, provides important clues to the sediment
provenance, transport history and depositional condi-
tions. Grain size analysis was carried out only for the
surface sediments of the core. GRADSTAT was ap-
plied for determination of grain size statistic. This
software gives a range of cumulative percentile values
(the grain size at which a specified percentage of the
grains are COEII'SCI')Z Dlo, DSO: D90, DQO/DIO: D90_D103
D75/D>s and D75 —D,s. Grain size analysis of the

Fig. 5 Downward profile of
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Korangi creek reveals that sedimemt is clayey in na-
ture. Table 2 gives the detailed description of the sedi-
ments. The D5, value was 2,257.3 um. Figure 2 shows
the variations in statistics of grain size.

Sediment composition was determined for all
sub samples and the results are shown in Fig. 3.
Clay was the dominating particle in all core slices.
The top 10 cm is around 60 % clayey, 20 % sand
and 20 % silt, while the remaining section com-
prises of around 50 % clay and 50 % silt + sand.
Metals concentrations and grain size are, in gener-
al, inversely related, i.e., they increased with de-
creasing grain size of sediments. Large amounts of
metals bound in the fine-grained fraction of the
sediment, mainly because of its high surface area/
grain size ratio and humic substance content
(Horowitz and Elrick 1987; Moore et al. 1989).

pH
The accumulation of certain trace metals in sediments

is directly or indirectly controlled by redox conditions
through either a change in redox state and/or

TOC (%)
1.00 2.00 3.00 4.00 5.00
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speciation (McKay et al. 2007). Variations in pH with
depth in sediment core are shown in Fig. 4. pH in
Korangi creek core was acidic (around 5.9-6.5) start-
ing from a depth of 72.5 cm to subsurface. On a closer
observation in core, it appeared that the top 10-cm
slices have pH values closer to neutral where as the
bottom sediments from a depth of 10-72.5 cm the pH
values in the range of 6.3-5.7. This indicated that only
the recent sediment deposits have a pH value of about
6.5, and if this trend continues, it will become neutral
in nature with time.

Total organic carbon (TOC)

Organic matter plays an important role in accumu-
lating metals in the sediments. When metals are
released into the marine environment, they are
absorbed by organic matters and transfered to the
sediments. Organic ligands, formed as the conse-
quence of organic matter decomposition, may ex-
tract metals from sediments and mobilized them in
overlayer water thus increasing their concentration

Fig. 6 Down core varia-
tions in the concentrations
of Mg, K and Ca 0
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in water (Seshan et al. 2010). Figure 5 shows
variation in TOC with depth. Highest TOC was
recorded at 2.5 cm depth (4 %). Increasing trend
of TOC has been observed throughout the core
with very little fluctuation. Enrichment of organic
matter at different intervals indicates incorporation
of domestic oraganic material in Korangi creek via
waste drains. Organic matter (OM) content in core
layers depend upon soil type, i.e., more OM in
clay particle than sand.

Down core profiles of metals

Sediments represent one of the ultimate sinks for
metal discharge into the environment. A variety of
processes lead to the association of metals with
solid phases, such as direct adsorption by fine
grained inorganic particles of clays, adsorption of
hydrous ferric and manganic oxides which may in
turn be associated with clays, adsorption on, or
complexation with natural organic substances
which may also be associated with inorganic
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particles, and direct precipitation as new solid
phases (Gibbs 1977). Elemental ranges with means
of the metal are (all values in pg/g): Mg 2,654—
4,239 (mean 2,939), K 7,223-9,486 (mean 8076),
Ca 3,190-3,987 (mean 3,446), Al 3,432-5,002
(mean 4,201), S 160-290 (mean 225),Ti 154-341
(mean 256, V 34-84 (mean 50), Cr 22-72 (mean
53), Mn 45-187 (mean 105), Fe 1,980-4,321
(mean 2,942), Ni 19-66 (mean 34), Cu 16-56
(mean 25), Zn 76-224 (mean 108). Figures 6, 7,
8 and 9 show the down core variations in the
concentrations of metals in creek sediments. Mg,
K and Ca behavior in the core was more or less
uniform with its concentration varying from bot-
tom to top (Fig. 6). Mg and Ca followed more or
less similar pattern. Their concentration was almost
constant from bottom to 10 cm and then increased.
However, after 5 cm, their concentration exceeded
4,000 ppm at the surface. K concentration was
constant up to 40 cm from bottom with very little
variation, after which enrichment is observed. A
detailed study is needed to explain the recent but
uniform increase in the concentrations of K over
the years.

Fig. 7 Down core varia-
tions in the concentrations
of Al and Fe 1500
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Te downward profile of Al and Fe is shown in
Fig. 7. The vertical profile shows enrichment of Fe
in surface layer which may be attributed to early
diagenetic process. A decrease in Fe concentration
in subsurface is indicative of oxic/suboxic inter-
face. The Fe oxyhydroxide get dissolved in partly
reduced sediment and migrate upward in the sed-
iment column and get precipated (Kumar and
Edward 2009). Al contents followed an uneven
pattern, and its concentration remained less than
4,500 ppm up to a depth of 12.5 cm; however,
above this depth up to the surface, its concentra-
tion rrose to 5,000 ppm. Enrichment of Al in
surface sediment samples suggests more industrial
eflluent in recent years.

Depth-wise variations in the concentrations of
V, Cr, Cu and Ni are shown in Fig. 8.
Concentrations of these metals have similarities
among them at different depth and indicate that
main source of input to the creek the same. The
range of increase was almost quite similar: V
34.00-84.00, Cr 22.0-72.0, Ni 18.9-66.0 and
Cu 16.0-56.0 pg/g from bottom to surface.
Such increases in these metal concentrations
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Fig. 8 Down core varia- Metal Concentration (pg/g)
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may be indicative of human influence on marine
environment.

The down core profile of Mn, Zn, Ti and S is
shown in Fig. 9. There is an enrichment of sulfur
in surface layer which indicates that it is trans-
ported from bottom sediment layers to sediment
water interface. The oxidation of Fe sulfide may
be the cause of decrease in S content in bottom
layers. Mn, Ti and Zn concentration varied in the
examined samples over a broad range. The most
significant differences were in Zn, from 76 in
bottom most layers to 224 in surface layer. While
Mn concentration increased from 76 ppm at the
bottom to 187 ppm at the surface. Mn and Zn
were found to be the highest occurring metals in
the core as compared to V, Cr, Cu and Ni, and
their contents elevated significantly in the upper
layers. Mn and Zn values in bottom most layers
are higher than V, Cr, Cu and Ni, which indicates
that the background values of Mn and Zn are
higher than others.

The increasing trends of the metals in surface
samples show increased deposition of these metals
due to industrial efflluents. Metals are released
from specific local sources such as discharge from
smelters (Cu, Ni), metal-based industries (Zn, and
Cr from electroplating), paint and dye formulators
(Cr, Cu, and Zn), petroleum refineries (Mn, Pb), as
well as effluents from chemical manufacturing
plants (Nadia et al. 2009). Once accumulated into
the sediments, metals can be mobalized and find
their way into overlying water column. Although
these metals are essential for aquatic life but at
elevated levels it is toxic to some species of aquatic
life (WHO 2004). Inter-elemental association has
also been evaluated by Pearson correlation coeffi-
cient (), and the results are presented in Table 3.
Elemental association may signify that each paired
elements has identical source or common sink in
the marine sediments. Results from Regression
analysis showed significant corelation coefficient
between metal concerntrations. Statistical analysis
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Metal Concentrition {ig/d) of inter-metal relationship shows high positive cor-
0 0 100 ?00" 3'00_ 400 relation among the metals. Mn, Fe and K are found
Ao . to correlate well with each other (»=0.95) and
o A appear to control distribution of Cu, Ni, Cr and
10 4 ) i : Zn. The significant correlation between Fe and
4 > = Mn also indicate presence of Fe/Mn compounds.
[ 1 / i It has been reported that Fe and Mn oxide and
20 4 - n hydroxide have high affinity with most of the trace
» » Mn element (Zabetoglou et al. 2002). Elements not
. i . ,' ,' i significant correlations with each other suggest that
30 > s ® these metals might have different anthropogenic
— I 1 17 +—$ and natural sources in sediments of the area of
_5_ v A s ) study.
£ 40 | 4 ; . =1 Cluster analysis (CA) was performed on the
2 U L data using Ward linkage and absolute correlation
At ‘e coefficient distance. Results of CA are shown in
39 | : :: Fig. 10. Elements and physicochemical parameters
Lo ‘e were fused into clusters because sediments samples
&0 .Y : .'.' contain similar heavy metal elements. Three
{ s g groups were distinguished in the dendrogram, per-
4 e f m formed using the Ward method, which used the
70 | [ : .: squared (Fig. 10). The dendrogram clarifies the
Lh 7% influence and association of the clusters or group-
ings by their relative elemental concentrations
80 (Fig. 10). CA showed the association of pH with
. ! heavy metal elements in the third cluster. pH val-
Fig. 9 Down profile of Mn, Zn, Ti and S . .
ues in water are one of the most important factors
Table 3 Correlation among metals in sediment core
Mg Al S K Ca Ti v Cr Mn Fe Ni Cu Zn pH TOC Sand Silt Clay
Mg 1.00 085 074 0.82 0.61 048 090 080 0.77 071 0.89 085 0.89 039 0.35 —-0.53 —0.43 0.55
Al 1.00 0.77 0.78 0.29 032 0.75 041 040 0.78 086 0.82 085 043 040 —0.57 -048 0.62
S 1.00 0.66 0.56 0.53 0.70 0.70 0.75 0.78 0.71 0.72 0.90 059 0.59 -043 —0.19 0.35
K 1.00 049 0.66 0.84 093 087 082 0.87 093 082 038 044 -0.78 -0.43 0.71
Ca 1.00 047 0.60 056 047 040 056 049 0.67 0.11 051 —045 —0.21 0.37
Ti 1.00 046 0.71 0.68 0.73 0.66 0.69 0.59 032 024 —046 —0.25 0.42
\Y% 1.00 0.83 0.73 0.67 0.89 088 0.82 034 049 -0.67 —0.53 0.70
Cr 1.00 091 0.89 0.89 096 086 043 048 —0.79 -0.40 0.71
Mn 1.00 095 0.77 0.87 0.86 047 0.50 —0.67 —0.28 0.56
Fe 1.00 0.80 0.88 0.85 0.59 0.53 —0.66 —0.32 0.58
Ni 1.00 095 0.84 046 038 —0.67 —0.55 0.72
Cu 1.00 0.86 048 045 -0.76 —0.57 0.79
Zn 1.00 0.60 0.55 -0.65 —0.29 0.54
pH 1.00 0.41 -043 —0.20 0.37
TOC 1.00 —0.64 —0.08 0.63
Sand 1.00 0.38 —0.83
Silt 1.00 —0.83
Clay 1.00

>0.61 significant correlation at 0.01 level (one-tailed)
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Fig. 10 Dendrogram based

on complete linkage method CALSE
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that regulate the dissolved metals. Elements in the
cluster II originated from terrigenous source. The
domination of clay, silt, Cu, Ni, Zn and V with
Mn indicates their association with the Fe oxides
and fine particles.

Enrichment factor

EF was employed to assess the degree of contam-
ination and to understand the distribution of the
elements of anthropogenic origin from sites by
individual elements in sediments. Al, Fe and Mn
are commonly chosen as the normalizing element
while determining EF values, as these of the wide-
ly used reference eclement (Baptista Neto et al.
2000; Mucha et al. 2003). In the present study,
Al was used as reference element because Al is
chemically inactive element with respect to other
diver’s elements, so it is used as a normalization
element to estimate the relative abundances of
diverse element (Ghaffar et al. 2010). EF was
calculated using the following equation.

Table 4 Enrichment factors of elements in sediment core

Rescaled Distance Cluster Combine

Enrichment factor

= (CH/Al)sample/(CH/Al)background

where C, is the concentration of element #. The back-
ground value is that of average values of element in
shale as reported by Turekian and Wedepohl 1961. EF
values were interpreted as suggested by Ergin et al.
(1991) and Birch (2003). According to their classifica-
tion, EF of <1 indicates no enrichment, <3 is minor; 3—5
is moderate; 5—10 is moderately severe; 10-25 is severe;
25-50 is very severe; >50 is extremely severe. Table 4
shows metal EF in core sediments (EF of surface and
mean of all sub samples). The order of average EF in the
sediment core is summarized as:

Zn>Cu>Ni>Cr>V>K>S>Mn>Mg

> Ca > Fe > Ti.

The surface sediments showed moderate enrich-
ment for Zn (avg. 3.29), Cu (avg. 3.17) and Ni
(3.17), minor enrichment for Cr (avg. 2.34), and

Ca K Mg Al S Ti \% Cr Mn Fe Ni Cu Zn
Surface 0.21 0.51 0.49 1.00 0.47 0.16 222 3.18 0.55 0.21 5.49 6.06 6.67
Mean 0.24 0.52 0.40 1.00 0.44 0.15 1.74 2.34 0.36 0.17 3.29 3.17 3.78
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Table 5 I, index of elements in sediment core

Ca K Mg Al Ti \% Cr Mn Fe Ni Cu Zn
Surface —4.08 —2.18 —2.54 —4.38 —4.15 -1.01 1.81 —2.53 -3.67 1.2 1.07 1.53
Avg —4.33 —241 -3.07 —4.64 —4.49 -1.47 1.14 —3.48 —4.23 0.46 0.42 1.05

V (1.74) and no enrichment for other element
(<1). Ti (avg. 0.17) exhibited lowest EF values.
When EF values are observed for the entire length
of the core, high values are seen in the upper
portion of core compared to the lower portion of
the core for all metals. The enhanced values of EF
for Zn, Cu, Ni and Cr might have resulted from
the increase in urban and industrial discharge in
the creek in recent years.

Index of geoaccumulation (/4c,)

Miiller (1969) introduction Geo-accumulation in-
dex Iy, to assess heavy metal pollution in sedi-
ments. The I,, was calculated using following
equation:

Iyeo = log2(C,/1.5B,)

where C, is the measured concentration of a
heavy metal in sediments, B, is the geochemical
background value in the average shale of element
n, and 1.5 is the background matrix correction
due to Terrigenous effects. Background value in
average shale was taken from Wedepohl (1995).
Muller (1969) has distinguished seven classes of
geoaccumulation index: (1) Iz, <O0: unpolluted;
(2) 0= Iy <1: unpolluted to moderately polluted;
(3) 1= Iy <2: moderately polluted; (4) 2< Iy,
<3: moderately to strongly polluted; (5) 3< Jgeo <
4: strongly polluted; (6) 4< I, <5: strongly to
extremely polluted; /.., >5: extremely polluted.

Iyeo values are regarded as effective and mean-
ingful in explaining the sediment quality (Karbassi
et al. 2005; Lina et al. 2012). The Iy, values for
Korangi creek sediment shows that all the metals
fall into class 1 and class 2 of Muller scale grade
(Table 5).

According to the Muller scale, the Korangi creek
surface sediment can be considered moderate polluted
with respect to Cr, Ni Cu and Zn (1= Iy, <2) and
unpolluted to moderately polluted with respect to
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unpolluted for rest of metals (Table 6). On the basis
of the average Iy, values, sediment is moderately
polluted with respect to Cr and Zn unpolluted to
moderately polluted for Ni and Cu. /., plot with
metal concentration is shown in Fig. 11, which also
reveals moderate pollution with respect to Zn and
Cr. Increased industrial effluent in the area is the
main anthropogenic source for these metals.

Table 6 Degree of contamination and pollution load index of
Korangi Creek sediment

Depth (cm) Cy PLI
0.0 20.80 0.53
2.5 19.97 0.52
5.0 18.66 0.50
7.5 17.78 0.49
10.0 16.85 0.47
12.5 15.08 0.44
15.0 14.51 0.44
17.5 13.13 0.42
20.0 11.60 0.40
22.5 11.47 0.40
25.0 10.23 0.38
27.5 10.87 0.38
30.0 7.86 0.38
325 7.73 0.36
35.0 8.42 0.38
37.5 8.39 0.37
40.0 8.39 0.38
42.5 8.08 0.36
45.0 7.86 0.35
47.5 7.92 0.35
50.0 7.87 0.34
52.5 7.93 0.33
55.0 7.88 0.34
57.5 7.70 0.33
60.0 7.19 0.33
62.5 7.34 0.33
65.0 6.93 0.31
67.5 7.06 0.31
70.0 6.56 0.30
72.5 7.61 0.31
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Fig. 11 Metal concentration 10000
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Contamination degree (Cy4) and pollution load index
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Overall sediment contamination with metals was cal-
culated based on the degree of contamination. Degree
of contamination is calculated by adding contamina-
tion factor (Cy) of all the metals examined (Lina et al.
2012)

Cq= ZCfi

where Ci=C,/Cy; C, is the concentration of element in
the sediment and C,, background value of element of
shale as quoted by Wedepohl (1995). Four categories
of contamination degree have been defined by
Héakanson (1980):

(a)
(b)
©
(d)

C4q <7=low degree of contamination

7< C4 <l4=moderate degree of contamination
14< C4 <28=considerable degree of contamination
C4 >28=very high degree of contamination

Table 7 Ecotoxicological sense according to SQGs

-5.00

Ca

Al
Ti
Cr

Zn
Mi

unpolluted

Moderately polluted

Cu

\
\
. unpolluted 1o Moderafely polTed

-2.00 -1.00 3.00

Igeo

0.00 1.00

Table 6 indicates a considerable degree of contam-
ination in upper 15 cm for 12 metals, which may be
attributed to increase industrial activity and its effluent
in the Korangi creek. Tomlinson et al. (1980) intro-
duced the concept of PLI to assess metal pollution in
the sediment. PLI was calculated by using following
equation (Tomlinson et al. 1980)

PLI = (CF; x CF, x x CF,)'/"

where CF is the contamination factor and » is the
number of metals.

The PLI value >1 shows metal pollution, whereas
PLI value <1 indicates no pollution. The PLI repre-
sents the number of times by which metal contents in
the sediment exceeds the average natural background
concentration gives a summative indication of overal
level of metal toxicity in the core or sample.
Calculated PLI values with depth is shown in
Table 6, which indicate overall no pollution; however,
PLI has an increasing trend from bottom to the

Cr Ni Cu Zn

Mean conc. in core (mg/kg) 44.90 33.72 25.27 108.37
SQGs non-polluted (mg/kg) <25 - <40 <90
SQGs moderately polluted (mg/kg) 25-75 - 40-60 90-200
SQGs heavily polluted (mg/kg) >75 >60 >200
TEL (mg/kg) 523 22.7 18.7 124.0
PEL (mg/kg) 160 47.6 110.0 270.0
ERL (mg/kg) 81 - 34.0 150.0
ERM (mg/kg) 370 - 270.0 410.0

TEL threshold effect level, PEL probable effect level (adverse effect likely to occur), ERL effect range low, ERM effect range medium

(adverse effect infrequent)
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surface. Increase in PLI in recent sediments may be
due to the influence of anthrogenic sources.

Assessment of sediment pollution based on sediment
quality guidelines

The accumulation of heavy metals in sediments can be
a secondary source of water pollution, once environ-
mental condition is changed (Chen et al. 1996;
Cheung et al. 2003). Therefore, an assessment of
heavy metal contamination in sediments is an indis-
pensable tool to assess the risk of an aquatic environ-
ment. To assess metal concentrations in sediment,
numerical sediment quality guidelines (SQGs) were
applied. The primary purpose of SQGs is to protect
aquatic life from adverse effects related to sediment
bound contaminants (Seshan et al. 2010). Sediments
were classified as non-polluted, moderately polluted
and severely polluted, based on SQGs of USEPA
(Perin et al. 1997). The SQGs include a threshold
effect concentration (TEC) and a probable effect con-
centration (PEC) as shown in Table 7. If the metals in
sediments are below the TEC, harmful effects are
unlikely to be observed. If the metals are above the
PEC, harmful effects are likely to be observed.
MacDonald et al. (1996) noted in his studies that most
of the TECs provide an accurate basis for predicting
the absence of sediment toxicity, and most of the PECs
provide an accurate basis for predicting sediment tox-
icity (MacDonald et al. 1996). In present study, Ni and
Cu exceed TEL values, which can lead to adverse
impact on the sediment dwelling fauna. The concen-
trations of Cr and Zn in sediment samples are lower
than the proposed TECs indicated that there are no
harmful effects from these metals.

Conclusion

The results of present investigation helped in under-
standing the extent of metal pollution in Korangi creek
sediment. The different parameters of pollution, i.e., EF,
degree of contamination and PLI indicated, are moder-
ately polluted sediments with respect to Cr, Cu, and Ni.
However, PLI indicated overall no pollution. The study
also reveals significant positive correlations between Ni,
Cu, Cr, Zn with Fe and Mn, indicating a significant role
in remobalization of metals. Enrichment of Cr, Ni, Cu
and Zn delineate increased industrial effluent discharge
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in the area. The enrichment trend of Ni, Cr, Cu and Zn
poses a threat to the marine life of the Korangi creek,
and it is most likely that the local food web complexes in
creek might be at highest risk. The study also concludes
that concentration of metals in bottom most layers can
be used as baseline/background values for further study.
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