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ABSTRACT

Study was conducted to determine the concentrations of (Ni) and (Cr) in sediment and to investigate the effect pH and
organic matters on concentrations of nickel and chromium in sediment at Juru River, Penang, Malaysia. The sequential
extraction procedure was used based on defined fractions: exchangeable, acid reduction, oxidation and residual. The
concentrations of Ni and Cr in residual fraction were higher than the other fractions. In non-residual fractions, the con-
centration of heavy metals in organic matter fraction was much higher than other fractions (6.63 + 3.90 pg/g ' dry
weight ) for nickel and (6.44 + 2.10 pg/g"' dry weight) for chromium. The pH of the sediment in all sites was acidic.
The mean of total concentrations of Ni and Cr was 38.21 and 24.92 pg/g™" dry weight, respectively. Results of organic
matter analysis showed that the percentage of organic matter present in sediment samples varied throughout the river
and all sites of sediments were ranged from 7.10% to 16.20%. Comparison between sampling sites using one-way
analysis of variance showed that there were significant differences for Ni (P < 0.05) while there was no significant dif-
ferences for Cr (P > 0.05) in changeable fraction. At acid reduction, oxidation and residual fractions, there were sig-
nificant differences for the two metals (P < 0.05). For anthropogenic metals, Ni was varied significantly (P < 0.05)
whereas Cr was not found significantly (P > 0.05). Analysis of pH and percentage of organic matter present in sediment
conclude that Ni and Cr were not strongly correlated at oxidation fraction.
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1. Introduction and greater access. But such indiscriminate growth had
created several mammoth environmental issues: chang-
ing climate, biodiversity depletion, natural resources de-
struction, environmental pollution, extinction of species,
etc.

Sediments are important sinks for various pollutants
like pesticides and heavy metals and also play a signifi-
cant role in the remobilization of contaminants in aquatic
systems under favourable conditions [1]. Sediments play

The pollution of the surface sediments especially rivers
with Toxic metals has been attracting considerable public
attention over the past few decades. Heavy metals added
to an aquatic system by natural or by anthropogenic sources.
One of the major sources of heavy metals in river is the
industrial effluent. The tremendous use of heavy metals
over the past few decades has resulted in an increased
concentration of metals in the aquatic systems. Heavy

metals released to aquatic system are generally bound to
particulate matter, which eventually settles down and be-
comes incorporated into sediments. River water has been
used as drinking water and irrigation water for agricul-
ture and for fish culture. Also, rivers are important in soil
fertility maintenance, transportation, forest resources deve-
lopment and wildlife conservations.

The rapid industrialization has the potential to help
achieve a variety of social objectives such as employment,
poverty eradication, gender equality, labor standards,
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an important role in the transport of nutrients, metals, and
other contaminants through river systems to the world’s
oceans and seas. Sediments also act as metal reservoirs,
with the primary exchange modes being adsorption or pre-
cipitation, and can also provide a reasonably accurate hi-
story of pollution in the river [2-4]. The objectives for
this study are to determine the concentrations of nickel
and chromium in sediment and to investigate the effect se-
diment pH and sediment organic matter on concentra-
tions of nickel and chromium in sediment at oxidation
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fraction from the Juru River.

2. Material and Methods

The date for each sampling site is illustrated in (Table 1).
Juru River originates from Bukit Mertajan hills located at
05°22'N latitude and 100°28'E longitude, Penang, north-
eastern of Malaysia (Figure 1) and drains approximately
7.95 km long. The Jururiver receives water from several
small tributaries that flow through urban settings that
grossly polluted with industrial, agriculture and domestic
wastes that are discharged directly into these rivers. Be-
sides high levels of organic loadings, these wastes are also
contaminated with heavy metals [5].

Sediment samples were collected 2 times (December
2009 and August 2010) using grab sampler from 20 sites
in the river. The wet sediments were air-dried in clean air
cabinets, grounded using clean mortar and pestle, sieved
through less than 63 pm mesh for heavy metal determi-
nations, homogenized and later stored in previously acid-
soaked sample bottles. Analysis of metal concentration to
less than 63 pm sediment fraction is recommended be-
cause these particles are the most important sources of
bioavailable metals in sediments [6,7] and sieving does
not affect the metal concentration [7].

In this study, sequential extraction procedure was used
and conducted with modification by adopting the method
of Badri and Aston [8]. This procedure consists of four
stages. The extraction steps employed in this study are
described as follows: Extraction 1—Easily and Freely
Leachable and Exchangeable fraction: 50 ml 1 M
NH,CH;COOH at pH 7 was added to the weighted sam-
ple into bottle and the sample was shaken for 1 h at a
speed of 3000 rpm at room temperature. Extraction 2—
Acid Reduction Fraction: 50 ml 0.25 M CH,OH-HCI at
pH 2 (adjusted using HNO;) was added to the residue
from Fraction 1, and the sample was shaken under the
same settings described in fraction 1. Extraction 3—Or-
ganic Oxidation Fraction: 15 ml H,O, 30% was added to
the residue from fraction 2 and the sample was placed in
water bath until dry. Then, 50 ml 1 M NH4CH;COOH at
pH 3.5 (adjusted using HCL) was added to it, and the
sample was shaken under the same settings described in-
fraction 1. Extraction 4—Resistance Fraction: residue from
fraction 3 was used for final fraction. The sample was
placed in a PTFE beaker and added 5:2 HNO;/HClO,
ratios (v/v). The sample was placed on a hot plate and
heated until the solution became clear. At the end of each
fraction the samples were centrifuged for 30 min at 1500

Table 1. The date for sampling of sediment.

Sampling Date
First 26th and 27th December 2009
Second 25th and 26th August 2010
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rpm to separate the sediment. The sediment was washed
in 50 ml of deionized distilled water and again centrifug-
ed. The washed water was discarded. Before analysis, the
samples were filtered through 0.45 um Millipore filters
using vacuum pump. The determination of copper, nickel
and chromium in sediment were conducted by inductively
couple plasma (ICP) model Perkin Elmer/Elan 9000. All
samples were analyzed in three replicates.

2.1. Sediment pH

Sediment pH was measured following Duddridge and
Wainwright [9]. 20 g of dried sediment was added to 40
ml of distilled water and mixed. pH was measured using
a W-500 Witeg Digital pH meter.

2.2. Organic Content

The organic content in sediment was determined follow-
ing Walkley and Black [10]. 0.25 g of dried sediment
was added into flask containing 0.17 M potassium di-
chromate followed by 20 ml of sulfuric acid. The mixture
was then heated on the hot plate for 30 minutes. 200 ml
of deionised water was then added into the mixture fol-
lowed by 10 ml of concentrated phosphoric acid. Diphe-
nylamine was used as indicator and titration was done
using ferrous ammonium sulphate 0.4 N (FAS). All titra-
tion including the blank was carried out and the percent-
age of organic content was calculated as below;

Y x100
0.25

% organic content =
where Y =3.96(10—(Ny,s)).

2.3. Sediment Grain Size

Sediment grain size was measured according to Badri
[11]. About 10 gram of dried sediment was sieved through
using anti rust laboratory test sieve model BS 410 (63 pm
mesh size). Sediment that retained in the sieve was dried
repeatedly in oven and final weight was used to calculate
the percentage of sediment (<63 pm) using formula as
below:

% < 63 = Initial weight — final weight <100

Initial weight

2.4. Quality Control

A quality control samples were routinely run through
during the period of metals analysis. Certified Reference
Material (CRM) National Institute of Standard and Tech-
nology, Buffalo River Sediment, USA) was determined
as a precision check. Percentage of recoveries (n = 5 for
each metal) for certified and measured concentration of
those metals was satisfactory, with the recoveries being
86.4 for nickel and 94.2 for chromium.
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Figure 1. Map of the Juru River and sampling stations.

3. Result and Discussion
3.1. Sediment Characteristics

The mean pH of Juru river sediment samples during 2
sampling occasions (pH range: 3.96 - 6.59) were slightly
acidic or towards to alkaline conditions; indicating the
slight acidic nature of the sediments in most sampling
sites. The pH fluctuates within upstream and downstream
sites but it was noticeably higher at sites 1, 2 and 3
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(downstream sites) relative to other sites with a mean va-
lue of 6.06 + 0.88 (Figure 2).

The organic matter in the sediments ranged from 7.10%
to 16.20% with a mean of 11.17% = 0.93%. Results of
organic matter analysis show that the levels of organic
matter present in sediment samples varied throughout the
river and downstream sites were relatively higher in or-
ganic matter compared to upstream sites. Organic matter
detected in this study is similar to those reported from
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Figure 2. Mean pH values of sediment from 2 sampling oc-
casions.

Klang River in Malaysia (no study was found involving
organic matter from the Juru River) at 13.34% [12] and
the minimum level of organic matter from our study
(8.25%) was somewhat in agreement with the maximum
level (8.30%) recorded from Kelantan River by Ahmad
et al [13]. It is assumed that such differences were related
to variations in the quantity and sources of organic matter
present at each site and the ability of organic matter to
move in the sediments (Figure 3).

Approximately 49.67% of sediment from Jururiver has
grain size less than 63 um diameter and majority were lo-
cated close to the estuary. The mean grain size range in
this study was 33.88 to 70.77. The estuarine area is rec-
ognized as a sink for sedimentation which includes sus-
pended particles [14]. The very fine particles that drifted
from upstream finally will precipitate within the estuary
area (Figure 4).

3.2. Heavy Metal Concentrations in Sediment

3.2.1. Easily and Freely Leachable and Exchangeable
Fraction (EFLE)

This fraction presents a high bioavailability of the associ-
ated metals because metal adsorption is related to changes
in the ionic composition of the water, which may affect
the processes of adsorption-desorption and the mobility
of metals on the ground [15] and it has great adverse ef-
fect on the aquatic environment in comparison to other
fractions. The highest concentration of nickel was found
in site 2 with mean value (0.79 + 0.23 pg/g) whereas the
lowest concentration of it was recorded in site 19 at (0.18
+ 0.11 pg/g). There were no much differences between
the concentrations of chromium in all sites but chromium
was on the top in site 19 (0.56 + 0.22 ug/g).Comparison
between sampling sites using one-way analysis of vari-
ance showed that there was significant differences for Ni
(P < 0.05) while there was no significant differences for
Cr (P > 0.05). Present result for Ni is in disagreement
with the finding of previous study conducted in the same
river and slightly higher than the results obtained from
Kuantan river, Malaysia [16].

Open Access

20 |
15 - i -

i

I 3 5 ¥ 92143 15 17419
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pling occasions.
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Figure 4. Mean Grain size of sediment from 2 sampling oc-

casions.
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3.2.2. Acid Reduction Fraction (AR)

The acid-reducible fraction includes metals associated
with manganese and iron oxides and hydroxides and pos-
sibly also with carbonates. Iron and manganese-oxides
bind the trace metals since they have high scavenging ef-
ficiencies for trace metals [17]. The major portion of
nickel was in site 5 at 4.93 + 0.55 pg/g whereas the mi-
nor portion of it was found in site 9 at 1.15 + 0.43 pg/g.
The highest concentration of chromium was noted in site
18 at 1.45 £+ 0.29; the minimum chromium was recorded
in site 17 (0.32 £ 0.08 pg/g). One way ANOVA showed
that there were significant differences for the two metals
(P < 0.05). The Ni value ranged from 1.15 to 4.93 pg/g,
whereas Yap and Tan reported values of 1.23, 1.98 and
2.46 in different areas within the Juru River and a value
of 0.37 pg/g in Kuantan River, Malaysia [16].

3.2.3. Organic Oxidation Fraction (OO)

Organic oxidation fraction showed highest composition
of nickel and chromium in the non-resistant fraction fol-
lowed by the ELFE and AR fraction. The pH was found
to play a major role in metal absorption in organic oxida-
tion fraction. Results from this fraction indicate that se-
diment pH was from 3.96 to 6.59, which provides an ex-
cellent condition for metal absorption. The presence of
humic and fulvic acid in organic materials in reduction
condition creates more efficient metal adsorption [18].
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The highest concentration of nickel, 13.05 + 2.22 pg/g,
was recorded in site 3 while the lowest concentration of
it was found in site 4 with mean value (2.57 = 0.59 ng/g).
Nickel associated largely in the sedimentary matrix and
may be less available for remobilization into the water
column except under harsh conditions. The maximum le-
vel of chromium was observed in site 7 (10.62 £+ 2.60
ug/g) whereas the minimum level was found in site 15 at
(2.59 + 0.64 pg/g). Chromium removal required strong
acid condition hence their poor association with the car-
bonate and exchangeable phases. One way ANOVA
showed that there were significant differences for the two
metals (P < 0.05). Analysis of pH and percentage of or-
ganic matter present in sediment conclude that Ni and Cr
were not strongly correlated at oxidation fraction. The Ni
value varied from 2.57 to 13.05 ng/g, while Yap and Tan
reported values of 30.92, 24.42 and 42.35 in different
areas within the Juru River and a value of 3.45 pg/g in
Kuantanriver, Malaysia [16].

3.2.4. Anthropogenic Metals

The mathematical summation of EFLE, acid-reducible
and oxidisable organic fractions constitute the nonresis-
tant fraction (non-lithogenous) [8]. The non-resistant frac-
tion includes the first three fractions (EFLE, AR and OO),
which represent anthropogenic metals. Among the non-
residual fractions, the organic matter fraction was much
higher than other fractions. The major portion of nickel
was found in site 16 at 16.82 £ 6.27 pg/g whereas the
minor portion of it was noted in site 12 with mean value
(5.42 + 1.84 pg/g). The concentration of chromium was
on the top in site 7 at (11.92 £ 5.76 pg/g) while the low-
est chromium was found in site 9 (4.29 + 1.75 ng/g). Ni
was varied significantly (P < 0.05) whereas Cr was not
varied significantly (P > 0.05). The mean percentage of
anthropogenic metals (ELFE, acid-reducible and oxidis-
able organic fractions) was recorded (25.56%) for nickel
and (30.54%) for chromium. About 84.62% of the nickel
in sediment was associated with the oxidation, acid re-
duction and exchangeable. This result support by Yap
and Tan [16] who reported that nickel in non-residual
was high in the three areas within the Juru River at
(28.07, 32.52 and 46.35 ng/g, respectively) but in con-
trast to another area in the same study.

3.2.5. Resistant Fraction (R)

The residual phase represents metals largely embedded in
the crystal lattice of the sediment fraction and should not
be available for remobilization except under very harsh
condition [1]. Concentrations in earth crust for baseline
concentration for heavy metals except for Pb as described
by [19]. Heavy metals concentration in the crust has been
widely used to compare the natural concentration in se-
diment. These values could be used to evaluate the load
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of anthropogenic metals from its surrounding [19]. In
general, this indicates no major anthropogenic metals-
load into the river. The residual forms are not expected to
be released under normal conditions in nature [20] and
could be considered as an inert phase [21]. The highest
concentration of nickel, 43 + 8 ug/g, was recorded in site
17 while the lowest concentration of it was found in site
1 with mean value (16.07 = 1.40 pg/g). The maximum
level of chromium was observed in site 5 (25.49 + 2.50
pg/g) whereas the minimum level was found in site 19 at
(8.35 £ 1.23 ng/g). One way ANOVA showed that there
were significant differences for the two metals (P < 0.05).
The highest concentration of residual for nickel of all
metals in this study higher than previous studies con-
ducted in Kuantan river and some different areas in the
Juru River [16]. In this study, the results show that Ni
and Cr are mainly found in residual fraction, representing
74.44% and 69.46% respectively. The Cr in this study is
slightly lower than results reported by Keivan et al. [22]
and Orkun [23] indicating that Cr was mostly retained in
the residual fraction.

4. Conclusion

Results indicated that approximately 49.67% of sediment
from Juru River had grain size less than 63 pm diameter
and majority were located close to the estuary. The spa-
tial distribution of organic materials along the sampling
stations shows the significant impact among sites. The
organic matter in sediment from Juru River exceeds 10%
at all sampling sites. The total mean pH values of sedi-
ment were acidic and ranged from 3.96 to 5.01; indicat-
ing the slight acidic nature of the sediments in the river.
The concentrations of Ni and Cr in residual fraction were
higher than the other fractions. Among the non-residual
fractions, the concentration of heavy metals in organic
matter fraction was much higher than other fractions col-
lected from all sampling sites. According to Merian [19],
there were no major anthropogenic metals—Iload into the
river since nickel found to be slightly polluted to the
river and Cr was not polluted element. Analysis of pH
and percentage of organic matter present in sediment con-
cluded that Ni and Cr were not strongly correlated at oxi-
dation fraction.
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