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Abstract Present study was conducted to evaluate cur-
rent status of trace elements contamination in the surface
sediments of the Johor Strait. Iron (2.54 £ 1.24%) was
found as the highest occurring element, followed by those
of zinc (210.45 £ 115.4 pg/g), copper (57.84 + 45.54 ng/
g), chromium (55.50 £ 31.24 pg/g), lead (52.52 £ 28.41
ng/g), vanadium (47.76 £ 25.76 pg/g), arsenic (27.30 £
17.11 pg/g), nickel (18.31 & 11.77 pg/g), cobalt (5.13 + 3.12
pg/g), uranium (4.72 £ 2.52 pg/g), and cadmium (0.30 +
0.30 pg/g), respectively. Bioavailability of cobalt, nickel,
copper, zinc, arsenic and cadmium were higher than 50%
of total concentration. Vanadium, copper, zinc, arsenic
and cadmium were found significantly different between
the eastern and western part of the strait (p < 0.05).
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Combining with other factors, Johor Strait is suitable as a
hotspot for trace elements contamination related studies.

Keywords Johor Strait - Sediments - Trace elements -
Bioavailability - Hotspot

High contamination of some trace elements in the envi-
ronment have caused environmental concern related to
their toxicity, prolonged persistence, bioaccumulation in
organisms, and ultimately their effect on the aquatic
environment and human health (Amin et al. 2009; Cuong
and Obbard 2006; Long et al. 1995). Elevation of the levels
of these pollutants in the vicinity of the Malacca Straits has
been reported to originate from land-, sea- and atmospheric
sources (Zulkifli et al. 2010; Ismail et al. 1993; Ismail and
Rosniza 1997). These pollutants are eventually deposited
into the sediment and biota of the aquatic environment.
Sediments are the ultimate sink for the numerous
anthropogenic chemical contaminants that may be con-
tained in effluents originating from agricultural, industrial,
urban and recreational activities (Apitz et al. 2005). Bryan
and Langston (1992) have recommended the use of sedi-
ment as a tool to assess impact of human activities on the
aquatic environment. Locally in Peninsular Malaysia,
Johor Strait is an important area because of the existence of
mangroves, sea grasses, corals and mudflats ecosystems. It
is also important in other aspects. These include the high
population [estimated at around 3 million people (DSM
2002) and expected to increase sharply as soon as this area
develops rapidly], — fish- and shellfish resources, being a
major aquaculture producer with output in excess of
150,000 tonnes in 2005, presence of major ports (Tanjung
Pelepas: ranked 18th in 2007 global TEU; Johor Port:
ranked 82nd in 2007 global TEU; Tanjung Langsat: a new
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petrochemical port), and the latest of the new and larger
economic zone (Iskandar Malaysia). These features are
expected to enhance and accelerate “high-impact” devel-
opment (industrial, urban, agriculture, etc.) in this area. As
for the city-state of Singapore, much of the lands have
developed into industrial-, urban-, agriculture- and aqua-
culture areas. Massive development along both sides of the
strait could lead to significant physical- and chemical
changes in the environment. There are several studies
including those of DOE (2007), Goh and Chou (1997),
Ismail et al. (1995), Ismail (2008), Sin et al. (1991), Shazili
et al. (2006), and Wood et al. (1997) that report elevated
levels of heavy metals on both sides of straits due to past
human activities. Due to its strategic location, ecological
importance, promise of development in the future and past
history of heavy metal contamination, this study was
conducted to evaluate the suitability of the Johor Straits is a
potential hotspot for trace elements contamination related
studies.

Materials and Methods

Samplings for sediment samples were conducted in 2008
and involved five sampling locations along the Johor Strait
(Fig. 1). Sediment samples of the top 3—5 cm of the surface
were collected in triplicate at the respective sampling sites.
Each sediment sample was placed in an acid-washed
polyethylene bag and kept frozen (—20°C) prior to further
analytical analysis. Analytical procedures used in present
study were as the following. The reagents used were all of
analytical-reagent grade certified for high-purity. Samples
were dried in the oven at 60°C for at least 1 day until a
constant dry weight was obtained. Afterwards, the samples
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Fig. 1 Sampling locations along the Johor Strait

were agitated with a ceramic mortar and pestle. The fine
fraction was obtained after sieving through a 63-pm mesh
sieve. All sieved samples were kept in sealed acid-washed
polyethylene containers prior to chemical analysis. To
determine pseudototal trace elements content in sediments,
the aqua regia digestion method was used according to ISO
Standard 11466 (ISO 1995; Zulkifli et al. 2010). Briefly,
1.0 g of fine fraction sample was weighed and placed into
the 250 mL Erlenmeyer flask. Next, 0.5-1.0 mL Mili-Q
water (water resistivity >18.2 MQ cm at 25°C; water TOC
less than 5) was added to form a slurry. Then, 7.0 mL of
12 M HCl followed by 2.3 mL of 15.8 M HNOj; (3:1 ratio)
were added drop-by-drop to reduce foaming. The sample
was allowed to pre-digest for 16 h (overnight). Afterwards,
the suspension was digested on a hot plate at 130°C for 2 h,
in an open system. The obtained suspension was then fil-
tered through a 0.45 pm GD/X™ syringe filter into a
polyethylene bottle. Finally, the filtered suspension was
diluted to 50 mL with 0.5 M HNOj; and stored at 4°C prior
to metal content determination. In addition, the BCR
(Community Bureau of Reference) sequential extraction
procedure (Quevauviller et al. 1997) was conducted to
fractionate metals or other elements in solid materials into
several groups of differing leachability.

All samples treated with aqua regia and BCR sequential
extraction methods were analysed using inductively cou-
pled plasma mass spectrometry (ICP-MS) (Agilent 7500cs)
for determining elemental content (5 lV, 52Cr, 59Co,
ONi, ®Cu, *°Zn, "As, '"Ag, '''Cd, ?°®Pb and **®U). For
qualitative measurements, Scandium (Sc), Indium (In) and
Bismuth (Bi) were used as the internal standards, and the
ICP Multi Element Standard Solution VI CertiPUR® was
used as the external standard. All data are expressed on a
dry weight basis (ug g~' dry weight). Recoveries of trace
elements ranged from 93.21% to 108.40% (ISO 11466) and
90.32% to 103.45% (BCR sequential extraction), respec-
tively, using the Standard Reference Material® 1646a
Estuarine Sediment (National Institute of Standards &
Technology, USA). Enrichment factor (EF) was used to
evaluate the actual extent of sediment contamination
(Amin et al. 2009; Groengroeft et al. 1998), identify the
element source between anthropogenic and naturally
occurring (Morillo et al. 2004), and determine the degree of
sedimentation (Huang and Lin 2003) using the formula:

( CX / CFG ) sample
(CX / Cre ) shale

where, C is concentration of element, x is type of element,
(Cy /! Cie)sample and (Cy / Cge)shale are element to Iron
ratios in the sample and average shale level, respectively.
Element concentration (pg/g dry weight) is expressed in
relation to Fe levels (% dry weight) in sediment samples

EF =
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and the average shale values in Johor Strait were taken s @ e a2 a
from Wedepohl (1971). Fe was used as it has a reliable 2 é & 8223
association with fine solid surface, its geochemistry char- -§‘ —§‘ S = ;‘: ;: ;2’ ;
acters are similar to many trace elements, and its natural § 22 5 c B 5 T g B
sediment concentration tends to be uniform (Daskalakis § g g %°§ %0 'é’ é ; é
and O’Connor 1995). gl&&83 = s
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In the present study, 11 elements were analyzed (V, Cr, Fe, Z ; E $ :‘?: §
Co, Ni, Cu, Zn, As, Cd, Pb, and U). Among these elements, N - O l
the highest mean concentration was of Fe (2.54 £+ 1.24% 2 Ele ¥ g d ¥ T 83
dry weight), followed by those of Zn (210.45 £ 115.4 pg/ _E‘ - o 5 X
2), Cu (57.84 £ 45.54 pgl/g), Cr (55.50 + 31.24 pg/g), Pb = 23 g =
(52.52 + 28.41 pg/g), V (47.76 £ 25.76 pgl/g), As (27.30 + 2 3 § g‘ “g’ § E § .
17.11 pg/g), Ni (1831 %+ 11.77 pg/g), Co (5.13 £ 3.12 é -
pg/g), U (4.72 + 2.52 pg/g), and Cd (0.30 £ 0.30 pg/g), L A
respectively. These results also reveal that the trace element E . I § x
concentrations in Johor Strait are within the ranges reported S| & I — bl
in other studies carried out around Peninsular Malaysia and g - Q -
other parts of the world (Table 1). All the studies have S mg ~ 8 R
emphasised the input of anthropogenic trace elements into the = NI j, (“\,3] :'r “ l
environment. Comparisons of element concentrations - S % é g ; % § s
between the eastern and western sides of the Johor Strait E
showed that the east has higher concentration of analyzed g " é o § =
elements than the west, except for Co. There was also a 5 R| 1 :| 3 - ﬁ 3
significant difference in V, Cu, Zn, As, and Cd concentrations slaglgsegs 2 S =99
between the two zones (p < 0.05). These results correspond £ -
well with results of Cuong et al. (2005), which suggested that 20 R
samples from the eastern side of the Johor Strait should be = g| g‘ E :'r o
1-5 times more contaminated than those of the western side, g |z de S X a [
depending on the elements and specific sampling locations. § S
Yap et al. (2006) also reported the sediment from Kg. Pasir i Sf 3
Puteh (JPP) was more polluted with Cd, Cu, Ni, Pb, and Zn :::7 Sls S | o Lo
compared to sediment from Tanjung Piai (JTPi). Analyses 2 o
using biological samples obtained from different parts of this i o ® %
strait also reveal a similar pattern. Yap et al. (2006) consid- i % é é | | j?: | % i
ered eastern parts of the Johor Causeway more polluted than E}
the western after a sample of Perna viridis was analysed and a o o o E
was followed by analyses of samples from Senibong, Telok g ;I, ; l:f T _
Jawa, Kg. Masai and Kg. Pasir Puteh which contained higher slalS 22 g o )
Cd, Cu, Fe, Pb, Ni, and Zn compared to samples collected 3 l-aF = DL z
from Kg Sg Melayu, Kg Gelang Patah dan Pantai Lido. = 2R g
Bayen et al. (2004) also reported the east of Johor Strait was z i '[I - 1S3
found to be more contaminated with trace elements than the sl g, Q Lo o
west when they used P. viridis as a bioindicator. Wood et al. % s §
(1997) reported that Johor Strait is contaminated by trace § § E - £ 3
elements such as Cu, Zn, Pb, and Cd. The presence of anoxic % z f » 82 5 3 - § g
sediments along both sides of the Johor Causeway generally s —g % é = ii 5 § = E ; 5 %
confirms the severe contamination occurring in the area. High -~ | 5 £ E © 5 ."; el 2 ‘*i E 2 § é g
levels of Pb and Zn found near the causeway were attributed % HEEEEREEE: R AR
to anthropogenic inputs such as vehicles traffic across the rl3lza &7 3 » = 2B &
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causeway and industrial discharges nearer shore. Further-
more, any disturbance by sea currents or human activities will
cause resuspension of the sediment-bind-trace elements in the
environment and probably in the soluble forms readily
absorbed by aquatic organisms. A study by Nayar et al.
(2004) indicated intensive dredging, reclamation, construc-
tion, and shipping activities in the Ponggol Estuary of Sin-
gapore (east of Johor Strait) may have led to resuspension and
bioavailability of particulate elements. They reported pres-
ence of Sn, Pb, Ni, Cd and Cu in particulate- and dissolved
fractions and sediments whose were ranges were from
n.d.-92 pg/g, n.d.-303.2 pg/g, n.d.-2,818.4 ng/g, n.d.-74.4 pg/g
and n.d.-1,117.7 pg/g, respectively. Consequently, toxic
elements released from sediments may prove poisonous to
the organisms that may have accumulated including bac-
teria (Nayar et al. 2004).

The present study also confirmed element concentra-
tions derived from both anthropogenic- and lithogenic
sources. The three-step BCR sequential extraction of the
European Community Bureau of Reference was adopted
for determining the sources and distribution of elements in
different phases, including of the anthropogenic sources
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reducible fraction and oxidisable fraction) and of lithogenic
sources. The results obtained are shown in Fig. 2. Gener-
ally, more than 50% of Co, Ni, Cu, Zn, As, and Cd in the
surface sediment samples originated from anthropogenic
sources. Element concentration patterns in east and west
Johor Strait were slightly different from each other, par-
ticularly for Cr and U. The anthropogenesis of these ele-
ments should be recent. They are said to enter via riverine
inputs, non-point source runoffs from land and direct point
source discharges. Most rivers make a major contribution
to trace element loading in estuaries and coastal waters.
Significant amounts of some trace elements found in river
waters were reported to be from weathering of rocks and
leaching of soils. Most notable anthropogenic sources of
trace elements are from developed zones along rivers and
coastal areas. Yap et al. (2006) reported higher anthropo-
genic input of trace elements in surface sediment samples
collected from the Pasir Gudang area compared to other
areas in the Straits of Malacca. As for the marine water
quality analysed by DOE (2007), major contributors to the
changes in its quality are from total suspended solids fol-
lowed by oil and grease, e-coli, and metals such as Cu, Pb,
Hg, and Cd. High levels of activity in industry in Johor
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Fig. 2 Anthropogenic and lithogenic sources of trace elements in sediments collected along the Johor Strait
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Table 2 Enrichment factors of trace elements in the Johor Strait

Element \'% Cr Co Ni Cu Zn As Cd Pb U
Area
JTPi 1.30° 2.33% 1.34* 0.81 0.55 2.02% 10.61° 032 6.56° 5.03°
JTPe 0.26 0.36 0.21 0.11 0.38 0.79 0.04 0.06 L.11% 0.48
JPL 0.46 1.99% 0.64 0.93 1.86* 6.07° 5.11° 0.66 8.46 3.48¢
JPP 1.20% 2412 0.91 1.29% 5.57° 16.33¢ 11.72¢ 3.03¢ 11.75° 4.854
JKK 1.48° 0.80 0.35 0.31 8.18° 3.15¢ 7.47° 0.83 5.72° 2.50*

a - . b . . d .
Remarks: * minor enrichment; ° moderately severe enrichment; © severe enrichment; ¢ moderate enrichment

contribute to air pollution including suspended particular
matter (SPM). SPM may deposit in the coastal areas car-
rying pollutants as trace elements. Atmospheric depositions
also may have contributed, even though in less significant
amounts, to trace elements in the aquatic environment.
Zhang et al. (2007) reported atmospheric transport of trace
elements has been found to be an important pathway for
their input into the ocean including coastal marine envi-
ronment. In all of Malaysia, Johor was among the high
contributors of air pollution sources after Selangor in 2006
(DOE 2007). Wu and Ting (2006) reported that fly ash
from a municipal solid waste incinerator in Singapore was
very fine (0.04-100 pm) in nature and contained a signif-
icant amount of toxic trace elements such as Al, Pb, Zn and
others. Most of these major constituents are volatile ele-
ments which were formed due to high temperature and
excellent burnout in the incineration process.

Table 2 shows the mean EF values of trace elements in
the Johor Strait with respect to average shale (Wedepohl
1971). By analysing EF, the actual extent of sediment
contamination can be assessed. The results showed that
element enrichment factors in the sediment along the Johor
Strait varied between no enrichment to moderately severe
enrichment, depending upon sampling area and element.
Generally, EF values showed agreement with both applied
analytical analyses. Notably, locations in the eastern Johor
Strait (JPP, JKK) have higher enrichment activities than the
western part, particularly for Cu, Zn, Cd, and Pb. JKK could
be suggested as the hotspot since severe enrichment of Cu,
moderately high enrichment of Cd, and moderate enrich-
ment of Zn and Pb were found. JPP was found to have only
moderately severe enrichment of Cu and Zn, and moderate
enrichment of Cd. Locations in western Johor Strait can be
generally classified between no enrichment to minor
enrichment. These results agree with past reports that the
eastern side of the straits have more heavy metal pollution
compared to the west (Bayen et al. 2004; Ismail 2008).

In general, most data from this study fall within the
moderate and high levels of the range of metals reported in
the region. Furthermore, the results showed high anthro-
pogenic input of metals into the straits sediments.

@ Springer

Continuous development may contribute to the progressive
elevation of these elements. Therefore, we suggest that this
area be declared a hotspot for trace elements contamination
related studies in the Southeast Asia region. Future inten-
sive studies related to ecotoxicology, environmental
impact, management, and conservation should be con-
ducted frequently in this hotspot, in order to understand all
physical-, chemical-, and biological processes connected
with trace element accumulation in the coastal ecosystem.
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