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Abstract: A total of 20 surficial sediment samples were collected from Johor Port, East Coast of Peninsular Malaysiaon May 2014 by
using Smith Mclintyre grab. These sediments were analyzed for its grain size using particle size analyzer (PSA) to find out the
relationship between grain size and heavy metal concentrations. The concentration of heavy metals were measured from the 63 um
fraction of the dried sediments and analyzed using ICPMS. The heavy metals studied were: Fe, Mn, Zn, Cr, Cu, Ni, Pb, As, Co, Cd and
Hg. Results showed that the study area was dominated with silt loam (90%) and same percentages of loamy sand (5%) and sandy loam
(5%). Based on the results, generally the sediments in the study area were fine. For heavy metals concentration, Fe concentration ranged
from 3.52%-4.70%, 75.28-411.96ug/g for Cr, 18.86-1886.05ug/g for Mn, 4.56-10.66ug/g for Co, 15.47-314.85ug/g for Ni,
25.15-212.72ug/g for Cu, 86.22-721.36ug/g for Zn, 10.18-19.68ug/g for As, 0.38-1.26ug/g for Cd, 38.91-138.61ug/g for Pb and 0.10
-0.49ug/g for Hg on dry weight basis. The trend of mean concentrations of these heavy metals in a decreasing manner was: Fe >Mn>
Zn > Cr > Cu > Ni >Pb> As > Co > Cd > Hg. Enrichment factor (EF) is used to evaluate the dominant source of the elements and as
indication of pollution. The mean EF for Cr, Mn, Co and Ni shows a deficient or minimal enrichment which indicated that these heavy
metals were of natural origin. Moderate enrichment for Cu, Cd and Hg was observed which is an indication of minor enrichment while
As Zn, and Pb, shows a significant enrichment which is an indication of anthropogenic sources.
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. ores and metals also one of the factors that may
1. Introduction ) L
contribute to the contamination of the ocean.

Heavy metals are one of the most serious pollutants
in our natural environment due to their toxicity,
persistence and bioaccumulation problems [1]. Heavy
metals are non-degradable and are detoxified by
binding to certain proteins or metallothionein or
depositing them as granules. All heavy metals exists in
surface water in colloidal form, particulate and
dissolved phases, although dissolved concentration are
generally low [2]. Pollution or contamination may
come from atmospheric inputs, natural disasters and
also anthropogenic activities. The anthropogenic
activities are one of the major contributors towards
pollution such as mining and industrial processing of
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Sediments are considered as an important indicator
for environmental pollution; they act as permanent or
temporary traps for materials spread into the
environment [3]. Another important factor that influences
heavy metal concentration in sediments is the
geochemical properties of the sediment. It has shown that
the amount of heavy metal retention in sediment is
affected by sediment characteristics such as; grain size,
cation-exchange capacity (CEC), organic matter and
mineral constituents [4]. Average contents of most
elements increase with the decrease of grain size due to
high surface area to grain size ratio. Few studies [5] found
that metal concentrations in sea water within South China
Sea off Kemaman coast region are generally comparable
except in certain areas that may be polluted by certain

metals due to agricultural, industrial run-off and effluent
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discharges. This study was conducted to assessed
pollution status in the study area.

2. Materials and Methods
2.1 Description of the Study Area

Johor Port is located at the southern-most tip of
Peninsular Malaysia. It is near the town of PasirGudang
and close to Singapore-Johor Strait known as the
Tebrau Strait, a narrow sea that separates Johor,
Malaysia with Singapore which is approximately about
60km between the mouth of Sungai Pulai and mount of
Sungai Port
positioned in the heart of the sprawling 8,000-acre
PasirGudang Industrial Estate. PasirGudang Port is
linked to the important commercial and also industrial

Johor.  Johor is most strategically

centers in Malaysia as well as other ports and
neighboring countries. Nowadays, PasirGudang Port is
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the largest palm oil terminal in the world, ranked 6 out
of 35 worldwide LME accredited ports, and the main
gateway for Southern Malaysia’s import/export
requirements. Johor Port is also near Johor Bahru city
central area, industrial area and a wide range of
development area. This made the sources of water
pollution problems that occur in Johor Strait. Johor Port

also is a strategic route for trading ships.
2.2 Collection of samples

Surface sediment samples were collected from 20
stations using a Smith Mclintyre grab. The sediments
were taken from the middle of the grab with plastic
scope to avoid contamination then was put in an
acid-washed plastic bag and kept frozen until ready
for analysis.

Figure 1 shows the location of sampling stations in
the study area.
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Fig. 1 Location of stations in the study area.
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2.3 Sample Preparation

The sediment samples were dried at 150°C for 7
hours then lightly ground to break up the particles and
sieved through a 63um mesh. The samples were then
kept in a cleaned polyethylene bottles.

2.4 Determination of Heavy Metals: Microwave
Digestion

Sediment samples were digested for metal contents

following standard methodologies with some
modifications [6]. The digestion procedure involved
heating of 0.05g sediment sample in a sealed Teflon
vessel with a 1.5ml mixed acid solution of concentrated
HNO3, HCI and HF with 3:3:1 ratio. The vessel was
heated at 150°C for 7 hours. After cooling to room
temperature, the digested sample was transferred into
15ml centrifuge tube and diluted to 10ml with
ultra-pure water. For the validation method, a certified
reference material NBS 1646a estuarine sediment was
analyzed and digested to determine the recovery levels
and accuracy of heavy metal analysis. The recoveries
for all metals ranged between 91.08%-137.5% with
slightly higher recoveries obtained for Pb and Hg.
Heavy  metals  were

analyzed  using an

inductively-coupled plasma mass spectrometer
(ICP-MS). A certified reference material, estuarine
sediment (NST1646a) was used as a precision check.
The percentage of recoveries for certified and
measured concentration was

recoveries of 81.66%-118.48%.

satisfactory, with

3. Results and Discussion

Table 1 shows the concentrations of heavy metals in
the study area. Results showed that Fe ranged from
3.52%-4.70%; 75.28-411.96ug/g for Cr; 18.86-
1886.05ug/g for Mn; 4.56-10.66ug/g for Co; 15.47-
314.85ug/g for Ni; 25.15-212.72ug/g for Cu; 86.22-
721.36ug/g for Zn; 10.18-19.68ug/g for As; 0.38-
1.26ug/g for Cd; 38.91-138.61ug/g for Pb and 0.10-

0.49ug/g for Hg. Highest concentration of Fe, Zn, Cd
and Pb were recorded at station JB19 with values of
4.70%, 721.36pglg, 1.26pg/lg and 138.61ug/g,
respectively. Furthermore, the highest concentration of
Cr, Co, Ni was found at station JB7 with values of
411.96ug/g, 10.66pug/g and 314.85ug/g, respectively.
Highest concentration of Cu and Hg can be found at
station JB6 with values of 212.72ug/g and 0.49ug/g.
Mn and As however, were found to have highest
concentration at stations JB17 and JB12 with values of
1886.05ug/g and 19.68ug/g, respectively. Taking into
account that Johor Port is one of busiest port in the
region, significant increase in the concentration of
heavy metals cannot be hidden. The used of antifouling
paints that protect vessels from microorganisms which
can be washout and being leached from the paints
could elevate the heavy metals in the study area. The
highest concentration of As in JB10 reflects from
agricultural activities such as palm oil plantation. It is
known that many agricultural products needed such as;
fertilizers, pesticides, insecticides and others contain
As in various forms in high concentrations. In addition,
as Johor Port is a main hub for bulk operation, such as
grain, iron ore and coal, this could elevate higher
concentration of As. As is a natural component of Pb,
Zn, Cu and gold-bearing ores and consequently can
contaminate the sediment during mining and smelting
operation. For Pb however, the atmospheric deposition
of Pb mainly focuses in station JB19 through emission
from automobiles. In addition, the traffic intensity in
and around the Johor Port carrying bulk goods can
significantly contributed to the significant enrichment
of Pb in the area. Furthermore, leaded fuel, lubricating
oil and grease from anchored boats transporting the
goods are possible sources of Pb.

Lowest concentrations of Fe and Cr can be found at
station JB10 with values of 3.52% and 75.28ug/g,
respectively. The lowest concentration of Mn, Co, Ni,
Cu, Zn and Pb were found at station JB12 with values
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of 18.86ug/g, 4.56pg/g, 15.47pg/g, 25.15ug/g,
86.22ug/g and 38.91ug/g, respectively. As for As,
lowest concentration can be found at station JB9
(10.18pg/g). The lowest concentration of Cd can be
found at station JB8 (0.38ug/g), while for Hg, lowest
concentration was found at station JB7 (0.10ug/g). The
lowest and highest concentrations of heavy metals
might be due to the texture and mineralogy of the

sediments in the study area (see Table 2). The trend of
mean concentrations of heavy metals was Fe > Mn >
Zn > Cr > Cu > Ni >Pb> As > Co > Cd > Hg.

Figures 2 to 7 show the distribution patterns of heavy
metals in the study area.

Figures 8 to 10 show the distribution patterns
of %sand, %silt and %clay in the study area.

Table 1 Heavy metals concentration in surface sediment of Johor Port (ug/g dry weight) and % for Fe.

Fe Cr Mn Co Ni Cu Zn As Cd Pb Hg
BL 398 |7788 |105305 |879 |4106 |12338 | 26109 |1269 |o06L |6344 | 019
B2 400 |s052 |120754 |89o1 |4172 |9940 [27324 |1210 [o065 |5807 |o019
B3 | 366 |7567 |94291 |918 4626 |9094 |25570 |1055 |o068 |60 | 012
B4 394 |7179 |186454 |803 |3805 |8506 |25278 | 1406 | 063 |5716 | 0.19
B5 | 437 |o018 |150406 |818 |4970 |9960 |31068 | 1438 | 061 |5444 | 030
JB6 | 431 |18074 |18946 |792 |23459 |21272 |689.65 |1165 | 101 |8010 | 049
B7 372 |41196 |93465 |1066 |31485 |10119 | 25020 |1042 |053 |4672 |o0.10
B8 |377 |s8u7o |115100 |837 |3797 |e024 [18210 |1165 |038 |4790 |o013
B9 381 |s8e64 |78854 |755 |5138 | 10000 |327.85 |1018 | 068 |5374 | 016
B0 |352 |7528 |27600 |788 |4520 |6100 |20779 |1552 |o0s50 |s558 | 015
JB1L | 363 |o9016 |95833 |764 3869 |7976 |27558 |1123 |o051 |5633 | 017
B12 |385 [8L72 |1886 456 | 1547 | 2515 |8622 |1968 |048 |3891 |015
B13 | 400 |o081 |781.07 |1056 |4990 |8028 |27790 |1353 |o060 |7474 |o026
B14 | 406 |8873 |142231 |895 |3665 |7720 |30258 |1367 |064 |7807 | 016
JB15 | 380 |o9252 |88469 | 1066 |4573 |8500 | 28408 | 1324 |076 |6837 | 015
JB16 | 405 |8398 |72962 | 1034 |3877 |5447 | 16500 | 1463 | 041 |618L | 014
JB17 | 383 |8868 |188605 |818 |3556 | 7151 | 29842 | 1210 | 060 |6541 | 015
B18 | 404 |8222 |173611 |915 |3373 | 7321 | 29344 |1341 |o060 |e566 | 014
B19 | 470 | 12478 |59804 |1030 5431 | 15255 | 72136 | 1345 | 126 | 13861 | 027
B20 | 408 |97.95 |102505 o080 [4100 |e6770 [24931 | 1404 041 [6111 |04
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Fig. 2 Distribution patterns of (a) Fe and (b) Mn at Johor Port.
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Fig. 3 Distribution patterns of (a) Zn and (b) Cr at Johor Port.
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Fig. 4 Distribution patterns of (a) Cu and (b) Ni at Johor Port.
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Fig. 5 Distribution patterns of (a) Pb and (b) As at Johor Port.

W STE Y IAE 10X ASE
1 i i

123073

Heavy Metal
Cd (Cadmium)

Punggel Barst

99123 92 0.3 ar 1
[

Fig. 6 Distribution patterns of (a) Co and (b) Cd at Johor Port.
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Fig. 7 Distribution patterns of Hg at Johor Port.
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Fig. 8 Distribution patterns of %sand in the study area.
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Fig. 9 Distribution patterns of %silt in the study area.
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Fig. 10 Distribution patterns of %clay in the study area.

Table 2 %sand, %silt and %clay and textural classes of the sediments in the study area.

Station % Sand % Silt % Clay Sediment Texture
JB1 16.76 64.9 18.34 Silt Loam
B2 7.14 75.05 17.81 Silt Loam
JB3 12.69 72.76 14.55 Silt Loam
JB4 18.38 65.05 16.57 Silt Loam
JB5 5.23 75.52 19.25 Silt Loam
JB6 19.05 70.42 10.53 Silt Loam
JB7 14.06 71.49 14.45 Silt Loam
JB8 6.69 73.99 19.32 Silt Loam
JB9 21.03 61.81 17.16 Silt Loam
JB10 84.24 13.36 2.4 Loamy Sand
JB11 27.47 59.07 13.46 Silt Loam
JB12 33.08 54.07 12.85 Silt Loam
JB13 9.13 67.09 23.78 Silt Loam
JB14 26.73 59.07 14.2 Silt Loam
JB15 6.65 75.25 18.1 Silt Loam
JB16 30.06 56.06 12.88 Silt Loam
JB17 7.44 71.87 20.69 Silt Loam
JB18 8.99 70.14 20.87 Silt Loam
JB19 14.65 65.8 19.55 Silt Loam
JB20 61.61 32.67 5.72 Sandy Loam
4, CONCLUSION like clay and organic matter. Lower concentrations of

. . most heavy metals are found in areas which have
In general, higher levels of heavy metals studied y

. e . . coarser sediments. In general, coarse sediments holds
were found at stations with fine texture. Fine sediments

o less heavy metals compared to fine sediments.
absorbed most heavy metals due to its binding agents 4 P
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Enrichment of heavy metals like Pb and As might be
due to anthropogenic sources like emissions from

vehicles and agriculture activities.
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