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Abstract Sungai Puloh mangrove estuary supports a large
diversity of macrobenthic organisms and provides social ben-
efits to the local community. Recently, it became a major
recipient of heavy metals originating from industries in the
hinterland as a result of industrialization and urbanization.
This study was conducted to evaluate mobility and pollution
status of heavy metals (Cd, Cu, Ni, Pb, Zn, and Fe) in
intertidal surface sediments of this area. Surface sediment
samples were collected based on four different anthropogenic
sources. Metals concentrations were analyzed using an atomic
absorption spectrophotometer (AAS). Results revealed that
the mean concentrations were Zn (1023.68±762.93 μg/g),
Pb (78.8±49.61 μg/g), Cu (46.89±43.79 μg/g), Ni (35.54±
10.75 μg/g), Cd (0.94±0.29 μg/g), and Fe (7.14±0.94 %).
Most of the mean values of analyzed metals were below both
the interim sediment quality guidelines (ISQG-low and ISQG-
high), except for Pb concentration (above ISQG-low) and Zn
concentration (above ISQG-high), thus suggesting that Pb and
Znmay pose some environmental concern. Cadmium, Pb, and
Zn concentrations were above the threshold effect level
(TEL), indicating seldom adverse effect of these metals on
macrobenthic organisms. Pollution load index (PLI) indicated
deterioration and other indices revealed the intertidal surface
sediment is moderately polluted with Cd, Pb, and Zn.
Therefore, this mangrove area requires urgent attention to
mitigate further contamination. Finally, this study will con-
tribute to data sources for Malaysia in establishing her own
ISQG since it is a baseline study with detailed contamination

assessment indices for surface sediment of intertidal man-
grove area.
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Introduction

Elemental contamination in coastal areas arising from rapid
urbanization and industrialization has become an increasing
worldwide concern because this ecosystem receives anthro-
pogenic and industrial wastes. These wastes which are
bioaccumulative, toxic, and persistent include heavy metals.
Heavy metals are introduced to the aquatic environment and
accumulate in sediments by several pathways via natural and
anthropogenic processes (Akoto et al. 2008). These processes
include disposal of liquid effluents, runoffs and leachates,
surface soil erosion, bioturbation, dredging, water drainage,
atmospheric deposition, and indiscriminate use of heavy
metal-bearing fertilizer and pesticides in agricultural fields
(Soares et al. 1999; Yang and Rose 2005; Nouri et al. 2008;
Sow et al. 2013). One of the most affected ecosystems in
coastal areas is the mangrove ecosystem. The surface sedi-
ments of mangrove ecosystem could become significantly
polluted with heavy metals, especially in coastal regions near
urban areas and harbors (Loring and Rantala 1992).Mangrove
ecosystem is important for wild life, fisheries, and aquacul-
tural initiatives. This unique ecosystem has been known as
nursery areas for juvenile fishes, crustaceans, and marine life
(Sasekumar et al. 1992); they also provide refuge to numerous
macrobenthic organisms from their predators during low tide.
The tropical coastal mangrove serves more importantly as
feeding ground than nursery ground for juveniles of
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commercially important fish (Chong et al. 1990). The man-
grove ecosystem being an ecotone between terrestrial/
freshwater and marine environment (Vane et al. 2009) makes
it a good trap zone against sea and land debris.

However, today’s mangrove ecosystem has been abused
through human impacts. Despite their importance, mangrove
ecosystems have been exploited and subjected to inappropri-
ate management practices in terms of land reclamation and
unsustainable forestry, as well as aquaculture initiatives (Ong
1995). Among the major pollutants from anthropogenic inputs
are heavy metals (MacFarlane 2002). Mangrove sediments
serve as a sink for heavy metals that may be released back to
the water column by various remobilization processes
(Daskalakis and O’Connor 1995; Long et al. 1995; Argese
et al. 1997; Zulkifli et al. 2010a) as a consequence of equilib-
rium disruption. Heavy metals can be mobilized from sedi-
ment if there is a change in physicochemical properties
(Kelderman et al. 2000) and consequently result in trophic
transfer to detritivores and other higher level trophic organ-
isms in the food web. In addition, the accumulation of heavy
metals in sediments can bioaccumulate and also produce
harmful effects on the biota living in them (Harikumar and
Nasir 2010; Joksimovic et al. 2011). This implies that the
consumption of commercial fishes feeding on contaminated
benthic organism poses a health concern to the local commu-
nity and the general public. In this environment, therefore,
sediments can play a double role, both as a carrier and as a
possible source of contaminants. As a result of the ubiquitous
presence of heavy metals, their persistence and their ability to
create hazardous conditions in the environment, a number of
studies (Mackey et al. 1992; Perdomo et al. 1999; Shriadah
1999; Tam and Wong 2000; Mremi and Machiwa 2004;
Defew et al. 2005; Otero et al. 2009; Marchand et al. 2011)
have been carried out all over the world to assess the levels of
different elements in mangrove sediments.

Malaysia being one of the fastest developing countries in
the world with diverse and numerous species of fishes and
benthic organisms being harvested by fishermen in mangrove
estuaries (Chong et al. 1990) is threatened with intense an-
thropogenic activities. Malaysia mangrove ecosystem has
been endangered since past decades as a result of rapid devel-
opment in coastal areas, over logging, and clear-cutting of
mangroves along the coastlines and increased reliance on
mangroves for aquaculture and wood products (Hashim
et al. 2010). In order to protect and conserve this fragile
mangrove, a complete understanding of mangrove environ-
ment and evaluation of anthropogenic inputs of various heavy
metals is essential. The examination and study of sediment
quality can reveal the pollutant variations, degradations, and
cycles, and their chronic effects on water pollution. Sediment
quality has been recognized as an important indicator of water
pollution, since they act as pool for contaminants (Santos
Bermejo et al. 2003).

To assess anthropogenic influences and the extent of con-
tamination by heavy metals, numerous indices (e.g., enrich-
ment factor (EF), contamination factor (CF), pollution load
index (PLI), geoaccumulation index (Igeo), and statistical tools
are employed worldwide (Sekabira et al. 2010). There are no
studies assessing anthropogenic influences on sediment chem-
ical composition using such indices in Sungai Puloh man-
grove which is one of the major productive mangrove ecosys-
tems with great biodiversity in Malaysia. The present study
was aimed to determine the concentrations, distribution, mo-
bility, and sources of heavy metals (Cd, Cu, Ni, Pb Zn, and Fe)
in surface sediments of Sungai Puloh intertidal mangrove
ecosystem and to assess the pollution status as well as the
possible influence of anthropogenic activities. The following
contamination indices were employed: CF, EF, Igeo, PLI,
effective range low (ERL), and effective range median
(ERM).

Materials and methods

Study area

The mangrove area of Sungai Puloh (SGP, 03° 04.786′ N,
101° 23.903′ E) is located in the state of Selangor, west coast
of Peninsular Malaysia. Sungai Puloh forms a small linked
estuary with the Straits of Malacca. The Straits of Malacca is a
semidiurnal and meso-macrotidal system, with tidal ranges
approximately 1–3 m during neap tide and 3–5 m during
spring tides (Polgar and Crosa 2009). Sungai Puloh mangrove
area sustains a great diversity of commercial fish species and
macrobenthic organisms. It stretches about 6.87 km in length
and is situated in approximately less than 5 km off the major
intercity road of Jalan Kapar. There are several small- and
medium-sized industries (SMIs) operating in the vicinity. The
industries involve various types such as scrap metal yards,
recycling sectors (these factories handle a lot of scrap metals,
polyethylene containers, and various nondegradable mate-
rials), automobile workshops, oil palm mills, and others.
Most of their wastes are drained in this mangrove ecosystem.
There is also a coal-fired power generating plant (Tenaga
Nasional Berhad’s Sultan Salahuddin bin Abdul Aziz-SSA)
at Kapar near to Sg. Puloh mangrove area which is the
country’s largest coal-fired station generating a total of
1420 MW of electricity into the National Grid network.
Also, a handful of residential houses were observed in this
area, while fishing and cattle rearing are the main domestic
activity close to the Puloh River.

Samples collection

Forty-two surface sediment samples were collected in March,
2012 from 14 sampling stations along the intertidal mangrove
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area of Puloh River (Fig. 1). In order to determine the distri-
bution and source of metal contamination in Puloh mangrove
sediments, these stations were divided into four site groups
based on possible anthropogenic activities viz: site I (stations
1, 2, and 3)=factory outlet—smelting activities and recycling
industries; site II (stations 4, 5, and 6)=sluice gate—urban
runoff, effluent from coal-fired plant, commercial and restau-
rant activities, auto parts, agriculture area, and animal hus-
bandry; site III (stations 7, 8, 9, and 10)=Jetty—fishermen
activities; and site IV (stations 11, 12, 13, and 14)=beyond
Jetty—sea activities. Triplicate samples of surface sediment
from each station were collected using a plastic scoop. The
upper 2 cm of each sample was placed in a polyethylene bag
with a stainless steel spatula. All the samples were kept in an
iced chest, taken to the laboratory, and frozen until further
analysis.

Sediment preparation and digestion

Surface sediment samples were dried by using air-circulating
oven to a constant dry weight at 80 °C. Later, the samples
were ground using a clean dry pestle and ceramic mortar and
sieved through a 63-μm stainless steel sieve. Heavy metals
(Cd, Cu, Ni, Pb, Zn, and Fe) concentrations in surface sedi-
ment samples were analyzed using the direct aqua regia meth-
od. About 1 g of homogenized sample was weighed and
digested in a mixture of concentrated nitric acid (HNO3

AnalaR grade, BDH 69%) and perchloric acid (AnalaR grade
60 %) in a ratio 4:1. The samples were then placed in the
digesting block, and the temperature was first set at a low
temperature of 40 °C for 1 h and later increased to 140 °C for
at least 3 h (Ismail 1993; Yap et al. 2002). After digestion, the
samples were diluted to a 40-ml volume with double-distilled
water and filtered using the Whatman No. 1 filter paper into

acid-washed polyethylene sample bottles and stored for metal
determination.

Metal determination

After digestion and filtration, the samples were analyzed by
using an air-acetylene flame atomic absorption spectropho-
tometer (Analyst 800 model, by Perkin-Elmer) and the data
are presented in dry weight basis (μg/g dry weight). In order to
avoid contamination, all glass wares were soaked in acid wash
(10 % HCL) for at least 24 h and later rinsed with double-
distilled water and air dried before use. To ensure precision
and accuracy of the analytical method, quality control calibra-
tion curves were generated by analyzing multiple-level cali-
bration standards, and standard solutions of each metal
s tudied were prepared from 1000 mg/l (BDH
Spectrosol®) stock solution. Certified reference material
(CRM) (International Atomic Energy Agency, Soil-5,
Vienna, Austria) was used to check the quality of this
method. The analytical results for reference material and
its certified values showed satisfactory metal recovery
percentages being about 109, 97, 96, 98, 95, and 104 %
for Cd, Cu, Ni, Pb, Zn, and Fe, respectively. Blank was
used to zero the machine and a quality control sample
was analyzed in every eight samples during metal
analysis.

Indices

Several indices, namely contamination factor, enrichment fac-
tor, pollution load index, and geoaccumulation index, were
used to assess the metal pollution in this intertidal mangrove
surface sediments.

Fig. 1 Sampling locations 1–14
for intertidal surface sediments of
Sungai Puloh mangrove in the
west coast of peninsular
Malaysia: (03° 04.786′ N, 101°
23.903′ E)
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Contamination factor

The geochemical and physiochemical characteristics of sedi-
ments are a vital tool for environmental pollution assessment,
as well as identifying the contamination point sources. The
contamination factor (CF) is an indicator of sediment contam-
ination which is used to evaluate the pollution of the environ-
ment by a given toxic substance. It is expressed as the con-
centration of each metal with respect to the background value
in sediment as follows (Turekian and Wedepohl 1961): CF=
metal concentration in sediment/background value of metal.

The evaluation criteria for using CF are as follows: CF<1
refers to low contamination, 1<CF<3 means moderate con-
tamination, 3<CF<6 indicates considerable contamination,
and CF>6 indicates very high contamination.

In this study, the background value used is that of the world
average concentration of metals reported for shale (Turekian
and Wedepohl 1961).

Enrichment factor

Enrichment factor (EF) has been widely reported as an impor-
tant tool to differentiate between anthropogenic and natural
occurring metal sources in the sediment (Selvaraj et al. 2004;
Naji and Ismail 2011). Aluminum (Al) and iron (Fe) are two
main elements used as normalizers for EF computation.
However, Fe is used as a normalizer in this study because it
is the fourth major element in the earth’s crust and most often
has little or no adverse environmental concerns (Naji and
Ismail 2011). Moreover, the following unique properties of
Fe make it a better normalizer: (1) its geochemistry is close to
that of trace metals, (2) it is associated with fine solid surfaces,
and (3) its natural sediment concentration tends to be uniform
(Daskalakis 1995; Naji and Ismail 2011). The enrichment
factor for Fe-normalized data was calculated using the follow-
ing equation:

EFs ¼ Cx

.
Fe

� �
sample

.
Cx

.
Fe

� �
Shale

Where (Cx/Fe) sample and (Cx/Fe) average shale values, re-
spectively, are the metal concentrations (μg/g) dry weight in
relation to Fe levels (dry weight) in sediment samples and
average shale values taken from Krauskopf and Bird (1995).
EF values were interpreted as suggested by Wang et al.
(2008). If 0.5≤EF≤1.5, then it indicates that metal could be
mainly from natural weathering process, and if EF>1.5, then
it indicates that metal is from anthropogenic sources or a
greater percentage of the metal is from non-natural weathering
process. However, the degree of enrichment was interpreted as
proposed by Birch (2003). EF<1 indicates no enrichment, 1<
EF<3 indicates minor enrichment, 3≤EF≤5 indicates moder-
ate enrichment, 5≤EF≤10 indicates moderate to severe

enrichment, 10≤EF≤25 indicates severe enrichment, 25≤
EF≤50 indicates very severe enrichment, and EF>50 sug-
gests extremely severe enrichment.

Pollution load index

The pollution load index (PLI) is the estimated geometric
mean of relative concentration factors of selected heavy metal
of a seemingly polluted site. According to Daud et al. (2009),
PLI is an integrated tool used to assess the extent of pollution
at a site for a selected number of metals. The PLI value equal
to 1 suggests the absence of pollution, whereas PLI>1 sug-
gests that the site is considered polluted (Cabrera et al. 1999).
The level of pollution has been assessed by using the method
proposed by Tomlinson et al. (1980), i.e., the concentration
factor of each heavy metal with respect to the background
values in the sediment. The parameter is shown as follows:

PLI ¼ CF1 � CF2 � CF3 �……::� CFnð Þ1=n

Where n=number of metals and CF=contamination
factors.

Geoaccumulation index

This index determines the sediment contamination by
organic and inorganic substances by comparing pres-
ent metal concentration with preindustrial levels.
Geoaccumulation index (Igeo) was originally defined
by Muller (1969) in order to determine and define
metal contamination in sediments by comparing cur-
rent concentration with preindustrial levels as follows:

Igeo ¼ log2 Cn=1:5Bnð Þ:

Where Cn is the measured concentration of the examined
element n in the sediment sample and Bn is geochemical
background value of the element n of average shale. The
seven different classes of geoaccumulation index along with
associated sediment pollution extent as proposed by Muller
(1981) are given in the Table 1.

Table 1 Muller’s classification for the geoaccumulation index; (Igeo)
(Muller 1981)

Igeo value Igeo class Sediment quality

<0 0 Unpolluted

0–1 1 Unpolluted to moderately polluted

1–2 2 Moderately polluted

2–3 3 Moderately polluted to strongly Polluted

3–4 4 Strongly polluted

4–5 5 Strongly polluted to extremely polluted

>5 6 Extremely polluted
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Statistical analysis

The statistical analyses were performed using Statistical pack-
age for Social Science (SPSS) version 20. The nonparametric
analysis (Kruskal-Wallis) with a probability of 95 % was
employed to compare the distribution of metal concen-
trations in surface sediments from different sites. One-
way ANOVA was used to compare the means and
Tukey’s HSD multiple comparisons was adopted for
the post hoc test of significant difference, while the
possible relationship between metals was estimated by
determining the correlation coefficient.

Results and discussion

The levels and distribution of heavy metals

The average and range of heavy metal concentrations in
surface sediment for all stations are presented in Table 2.
The ranges for heavy metal levels in the surface sediment
were 16.45–132.91, 22.79–55.54, 0.60–1.55, 35.51–167.38,
and 291.96–2584.34 μg/g and 5.57–8.68 % for Cu, Cd, Pb,
Zn, and Fe, respectively. It was found that Zn has the highest
mean concentration Zn (1023.68±762.93 μg/g) followed by
Pb (78.84±49.61 μg/g), Cu (46.89±43.79 μg/g), Ni (35.54±
10.75 μg/g), and Cd (0.94±0.29 μg/g) (Table 2). Most of the
heavy metals have highest concentrations in stations of site II,
which receives effluents from coal-fired power plant and
urban runoffs from the inner city of Klang. Anthropogenic
activities resulting from rapid development of factories, in-
dustrial activities, coal-generated power plants, transportation,
and agricultural-related activities make the main source of Cu,
Zn, Cd, Ni, and Pb contaminants in this area (Zulkifli et al.
2010b). However, the highest mean concentration of Fe
(8.68 %) was observed in site I, close to smelting industry.
This could be a result of deposition of ferrous materials
directly from the recycling factory. The higher metal concen-
trations found in site II could probably be a result of the
intense anthropogenic activities along Jalan Kapar, Klang,
and effluents from the nearby coal-fired gas plant. Effluents
from coal-fired plants have been found to be responsible for
altering the chemical composition of the soil. Fly ash, a by-
product of coal-fired plant, is usually rich in trace metals. If the
fly ash is heaped outside peradventure it comes in contact with
rain or other water, the heavy metals will leach from the fly
ash and contaminate the soil, groundwater, surface water, and
even the mangrove area. Agrawal et al. (2010) reported that
samples of sediments surrounding a coal-fired power plant
contained higher concentrations of lead, cadmium, and nickel
after rain events. Sulfur dioxide and nitrogen oxides both
combine with water in the atmosphere to create acid rain

which acidifies the soils and water, killing off plants, fish,
and the animals that depend on them. Also, Wang et al. (2008)
has elaborated on the leaching behavior and environmental
impact of the potentially hazardous elements found in coal
combustion residues. It has been widely reported by many
authors (Sato and Sada 1992; Stalikas et al. 1997; Meij and te
Winkel 2007; Karamanis et al. 2009; Lu et al. 2012) that coal-
fired power plants are one of the main sources of pollution
affecting the general environment in terms of health hazards,
air, soil, and water contamination, and land use. Effluents
from coal burning contain large amounts of solids and have
high biochemical and chemical oxygen demands. The high
organic matter contained in coal burning effluents could aid
the retention of heavy metals in sediments. Coal burning
results in the emission of fine particulate matter into the
atmosphere; smog formed by nitrogen oxide and reactive
organic gases causes crop, forest, and property damage. This
coal combustion waste consists of radionuclides, lead, mercu-
ry, arsenic, and other heavy metals, which can be extremely
toxic to human health. These wastes may leach into down-
stream water supplies or soils where they can enter the food
chain and potentially induce chronic toxic effects in humans
and other organisms. As these power plants seek to reduce
their air emissions, more pollutants are left behind in solid
waste residues in the form of coal ash, sludge from desulfur-
ization systems, and particles trapped by other control sys-
tems. A typical 1000-MW power plant consumes 12,000 t of
coal per day and produces an alarming amount of 1,000,000 t
of wastes per year (Agrawal et al. 2010). This means that more
than 1,000,000 t of wastes annually are produced from the
power plant near the mangrove area.

The distribution of heavy metals among the four source
groups can be seen in Fig. 2a–f.

The concentrations of heavy metals in sediment followed
the order of sites II>IV>III>I for Ni and Cd. Concentrations
of Cu showed similar trend except for the sites I>III. A
common pattern was observed for Zn and Pb concentrations
with the order II>I>IV>III, while Fe showed a different trend
as for other metals. The average distribution of concentrations
of heavy metals (Cd, Cu, Ni, Pb, Zn, and Fe) in sediments
from different sites were compared by using a nonparametric
Kruskal-Wallis test and they were significantly different
(p<0.05).

One-way ANOVA was employed to compare the mean
metal concentrations among the sites, and the result
(Table 3) showed that most of the examined metals except
Fe concentrations in sediments of site II were significantly
different (p<0.05) from other sites. However, Cd and Cu
concentrations in sediments of site I with site III and as well
as between sites I and IV for Cu and between sites III and IV
for Cd were not significantly different (p> 0.05).
Concentrations of Pb, Ni, Zn, and Fe in sediments of sites I
and II were significantly different p<0.05) from other sites
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except between sites I and site III for Ni; between sites I and
IV for Zn, and sites II and IV for Fe were not significantly
different (p>0.05). There were significant differences
(p<0.05) for Cu, Pb, Ni, Fe, and Zn concentrations in sedi-
ments between sites III and IV while there was no significant

difference (p>0.05) for Cd. The very wide range of differ-
ences between metals in sites II and III could be attributed to
the immobilization of heavy metals by the closure of the sluice
gate. Sluice gate is a barrier that functions to prevent the
incursion of tidal water into the developed areas. When the

Table 2 Mean metals concentrations in surface sediments for all the stations in sites I to IV, ERL and ERM

Site Site activities/impacts Sampling location Station
no.

Metal concentrations (μg/g; except for Fe)

Cu Ni Cd Pb Zn Fe%

I Recycling/smelting industries N 03° 04′ 20.26″
E 101° 23′ 45.19″

1 23.80 25.91 0.80 81.13 806.63 8.17

2 23.67 27.66 0.60 86.39 909.58 8.68

3 25.37 26.19 0.72 83.98 793.66 8.34

II Urban, industrial/ agriculture
runoffs and coal power plant

N 03° 04′ 19.18″
E 101° 23′ 27.88″

4 121.46 48.20 1.08 162.47 2272.03 7.04

5 132.91 55.54 1.55 167.38 2584.34 7.53

6 126.9 52.252 1.40 164.69 2295.72 7.43

III Fishermen activities/boating N 03° 04′ 6.07″
E 101° 23′ 5.05″

7 19.31 24.95 0.69 35.51 391.07 5.91

8 20.74 32.42 0.65 36.27 291.96 6.56

9 16.45 22.79 0.79 39.27 417.05 5.57

10 33.18 33.27 1.19 55.81 856.30 6.53

IV Sea/shipping activities N 03° 03′ 49.4″
E 101° 22′ 29.19″

11 21.60 34.56 1.02 42.81 638.28 6.95

12 33.20 35.39 1.11 47.07 553.77 6.94

13 28.14 32.07 0.84 50.62 793.70 6.29

14 29.74 46.38 0.78 50.38 727.40 8.06

Overall mean 46.89 35.54 0.94 78.84 1023.68 7.14

Min 16.45 22.79 0.60 35.51 291.96 5.57

Max 132.91 55.54 1.55 167.38 2584.34 8.68

Average shalea 45.00 68.00 0.30 20.00 95.00 4.60

ERL (Effective range lowb) 34.00 20.90 1.20 46.70 150.00 34.00

ERL (effective range medianb) 270.00 51.60 9.60 218.00 410.00 270.00

a Turekian and Wedepohl 1961
b Long et al. 1995; 2009

Fig. 2 Mean metals Cu, Ni, Cd,
Pb, Zn, and Fe concentrations,
respectively, in sediments of each
sampling site group (I–IV)
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sluice gate in site II is closed, the effluents which are respon-
sible for the transfer of sediment is contained for a long time
and thereby favor the heavy metals to be precipitated and
trapped within the sediment, only to be remobilized during
low tide when the gate is opened for water passage to site III.
During this process, very few metals (mostly the newly pre-
cipitated metals) can be remobilized leaving a greater quantity
locked within the sediment of site II. This phenomenon can
open up a research frontier on how sluice gates affect the
mobility of heavy metals.

The relationships among the examined heavy metals were
tested using Spearman’s correlation analysis. The correlation
matrix revealed that Cu, Cd, Pb, Ni, and Zn in all the sampled
stations were significantly correlated with one another show-
ing strong positive relationships (r=0.452–0.960; p<0.01)
(Table 4). It is only Cd that negatively correlated with Fe
(r=−0.425; p>0.05). However, Cu, Pb, and Zn showed strong
positive association with Fe (p<0.05), while Ni was weakly
correlated with Fe (r=0.22; p<0.05). The strong positive
correlation obtained among Cu, Cd, Pb, Ni, and Zn in this
intertidal mangrove sediment of Sungai Puloh is suggestive
that there is a uniform anthropogenic source and a similar
behavior during mobilization (Alagarsamy 2006). On the
contrary, the weak and lack of correlation with Fe underlines
the fact that certain metals may behave differently during
transport. The significant positive correlations of these exam-
ined metals (except Fe, Cd, and Ni) could be because the
sources of these metal inputs both anthropogenic and
lithogenic are similar. Gerringa (1990, 1991) demonstrated
in his studies that Cu, Cd, and Pb show similar mobility and
can be released by aerobic degradation of organic matter.
Furthermore, Broman et al. (1991) also suggested that a
common uptake and release mechanism by organisms living
within the sediment can cause a similar mobility of heavy
metals, while Ramessur (2004) and Yap et al. (2005) reported
in their studies that Cu, Pb, and Zn were positively correlated,
suggesting a common source of these metals in their studied
areas.

In each site group, almost all the heavy metals had a strong
correlation with other metals in each site group except for

those in sites I and IV for Cd, which was negatively correlated
with other metals. The negative correlation of Cd with all the
metals in sites I and IV reflects that the anthropogenic inputs
of these heavy metals come from site II which has higher
concentrations of heavy metals and then are transported to site
III when the sluice gate is opened or during tidal actions.

Contamination assessment

Contamination factor, effective range low, effective range
media, and enrichment factor

Based on the average shale (Turekian and Wedepohl 1961),
the mean contamination factor (CF) values of metals studied
are shown in Table 5. CF value for Ni was found to be low
(<1); CFs for Cu in site II and Fe in all the sites revealed
moderate contamination (1≥CF≥3), while CFs for Cd and Pb
indicated moderate to considerable contamination in all the
sites (3≥CF≥6) except for site II where Pb showed very high
contamination (CF>6). However, only Zn CFs showed very
high contamination in all the studied sites (CF>6) (Table 5,
mean CF values of heavy metal in Sungai Puloh intertidal
mangrove area). The high CFs for Cd and Pb in all sites could
be from urban runoffs that comprise wastewater discharges
from automobile repair shops and service stations (Sheela
et al. 2012), scrap yards, effluents from the coal-fired plant,
and recycling industry. Moreover, according to Abu-Hilal
(1987), the high Pb CFs in all the sites could be a result of
some specified sources like scavenging and agricultural run-
off. The high Zn CFs may be due to shipping activities; ships
loaded with crude (with occasional spills) ply the Straits of
Malacca which is one of the busiest shipping lanes in
Southeast Asia, and antifouling paints that contain huge
amount of zinc oxide, and from dissolution of pure zinc used
in anticorrosion galvanized product (Rahman and Ishiga
2012). The very high CFs for Zn could also arise from nu-
merous paint and fertilizer industries located within the vicin-
ity of this mangrove area.

The sediment quality indices, effective range low (ERL),
and effective range median (ERM) (Table 2) proposed by
Long et al. (2009) was employed to predict the environmental
consequences of these analyzed elements. Concentrations of
Ni, Pb, and Zn (20.90, 46.70, and 150 μg/g, respectively)
where higher than the ERL in all stations except for Pb
concentration that is lower than ERL in few stations of site
III. However, Cd and Cu concentrations (1.2 and 34 μg/g) in
almost all the stations were below the ERL except for few
stations in site II. Zn concentrations in all the stations were
above the ERM 410 μg/g, while Ni concentrations were
below the ERM 51.60 μg/g in most of the stations except
for few stations in site II. The comparison of the metals with

Table 3 Differences obtained on Cu, Cd, Pb, Ni, Zn, and Fe

Cu Cd Pb Ni Zn Fe

I–II** I–II** I–II** I–II** I–II** I–II**

I–IIIns I–IIIns I–III** I–IIIns I–III** I–III**

I–IVns I–IV* I–IV** I–IV** I–IVns I–IV**

II–III** II–III** II–III** II–III** II–III** II–III**

II–IV** II–IV** II–IV** II–IV** II–IV** II–IVns

III–IV* III–IVns III–IV* III–IV** III–IV* III–IV**

Level of significance *p<0.05; **p<0.01; ns p>0.05
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Table 4 Spearman’s correlation matrix of heavy metals concentrations

Cu Cd Pb Ni Zn Fe

Overall stations (n=42) Cd 0.745a 1.000

Pb 0.760a 0.452a 1.000

Ni 0.784a 0.672a 0.492a 1.000

Zn 0.761a 0.524a 0.960a 0.537a 1.000

Fe 0.336b −0.042 0.670a 0.220 0.557a 1.000

Site group I (n=9) Cd 0.410 1.000

Pb −0.285 −0.883a 1.000

Ni −0.425 −0.940a 0.912a 1.000

Zn 0.762b −0.433 0.782a 0.968a 1.000

Fe −0.248 −0.969a 0.970a 0.982a 0.904 1.000

Site group II (n=9) Cd 0.966a 1.000

Pb 0.995a 0.963a 1.000

Ni 0.893a 0.955a 0.887a 1.000

Zn 0.906a 0.786a 0.921a 0.665b 1.000

Fe 0.931a 0.992a 0.924a 0.966a 0.705b 1.000

Site group III (n=12) Cd 0.364 1.000

Pb 0.434 0.601b 1.000

Ni 0.643b 0.168 0.119 1.000

Zn 0.455 0.608b 0.762a 0.007 1.000

Fe 0.676b 0.056 −0.095 0.841a −0.126 1.000

Site group IV (n=12) Cd 0.140 1.000

Pb 0.238 −0.776a 1.000

Ni 0.308 −0.245 0.035 1.000

Zn −0.252 −0.727a 0.720 −0.007 1.000

Fe 0.161 −0.245 −0.056 0.930 −0.023 1.000

a Significant level at 0.01
b Significant level at 0.05

Table 5 Mean CFs values of heavy metal in Sungai Puloh intertidal mangrove area

Site Site activities Station no. Metal contamination factors

Cu Ni Cd Pb Zn Fe

I Recycling/smelting industries 1 0.53 0.38 2.65 4.06 8.49 1.78

2 0.53 0.41 1.99 4.32 9.57 1.89

3 0.56 0.39 2.38 4.20 8.35 1.81

II Urban, agricultural runoff/effluents from coal-fired plant 4 2.70 0.71 3.59 8.12 23.92 1.53

5 2.95 0.82 5.16 8.37 27.20 1.64

6 2.82 0.77 4.66 8.23 24.17 1.62

III Fishermen activities/boating 7 0.43 0.37 2.30 1.78 4.12 1.28

8 0.46 0.48 2.16 1.81 3.07 1.43

9 0.37 0.34 2.62 1.96 4.39 1.21

10 0.74 0.49 3.98 2.79 9.01 1.42

IV Sea/shipping activities 11 0.48 0.51 3.41 2.14 6.72 1.51

12 0.74 0.52 3.72 2.35 5.83 1.51

13 0.63 0.47 2.79 2.53 8.35 1.37

14 0.66 0.68 2.59 2.52 7.66 1.75

Overall mean 1.04 0.52 3.14 3.94 10.78 1.55
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the average shale (Turekian andWedepohl 1961) revealed that
Cd, Pb, and Zn concentrations exceeded the average shale
levels 0.30, 20.00, and 95.00 μg/g, respectively, while Cu and
Ni concentrations were below average shale 45.00 and
68.00 μg/g, respectively, in all the stations except for Cu
which showed higher levels in few stations of site II.
According to MacDonald et al. (2000), ERL values are con-
centrations below which adverse effect on sediment dwelling
organisms are not frequently expected, while the ERM repre-
sents concentration above which adverse effect are more
likely to occur. Therefore, the sediment of Sungai Puloh
intertidal mangrove might probably have adverse effects on
macrobenthic organisms since two metals exceeded the ERM
levels following the proposition of Yap and Pang (2011) that
adverse biological effect might occur if one metal exceeds the
ERM level.

Contamination and possible anthropogenic impacts on the
surface sediment in Sungai Puloh was also assessed using
enrichment factor (EF). The mean EFs were calculated with
respect to average shale (Turekian and Wedepohl 1961) and
are shown in Table 6. Cu and Ni EFs showed no enrichment in
almost all the stations except for stations in site II which
revealed minor enrichment for Cu (1.75–1.80). And thus
suggests that Cu in site II is mainly from anthropogenic
sources. The mean EF values for Cu and Ni (0.67 and 0.34,
respectively) of all the stations were ≤1, indicating there is no
enrichment of these metals in the studied mangrove area. Cd
and Pb with mean EF values of 2.05 and 2.49, respectively,
indicated minor enrichment, while mean EF value of 6.84 for
Zn is suggestive of moderate to severe enrichment. The
highest EF values for all the metals studied, namely Cu:

1.80, Ni: 0.50, Cd: 3.15, Pb: 5.31, and Zn: 16.61, were found
in the site which receives effluents from the coal-fired plant,
agriculture, and urban runoffs. Among all the analyzedmetals,
Cu and Ni had an average EF value (<1), indicating that these
metals originated mainly from natural weathering processes.
However, Cd, Pb, and Zn with mean EF value (>1.5) sug-
gested that these metals were of anthropogenic sources ac-
cording to Wang et al. (2008).

EF values for all the metals were highest in site II and
lowest in site I when compared with other sites. Higher values
of Pb and Zn were recorded in site I which has higher EF
values than sites III and IV (Fig. 3). According to the propo-
sition of Birch (2003) for the interpretation of the degree of
enrichment factor, Cd showedminor (1<EF<3) enrichment in
almost all the sites. There was no enrichment (EF<1) for Cu
and Ni for all the sites except for site II with minor enrichment
for Cu, while Pb showed minor enrichment for almost all the
sites except for site II with moderate to severe (5≤EF≤10)
enrichment. However, Zn was moderately enriched for all
sites except for site II with severe (10≥EF≤25) enrichment.
Site II showed the highest EF values of the analyzed metals
indicating a higher degree of anthropogenic inputs in this site.
This is in agreement with the observation of González and
Brügmann (1991) that municipal and/or industrial waste water
discharges into coastal areas are the most important sources of
contamination of water and sediment with heavy metals. The
wash water from auto repair shops dotted along Kapar road,
the motor panels, engines and gearbox waste oil, and vehicle
emissions contribute to the enrichment of Cd, Pb, and Zn in
the surface sediment of this mangrove. Also, the enrichment
of Zn may stem from anthropogenic sources which include

Table 6 Mean EFs values of heavy metals in all sampled stations in Sungai Puloh intertidal mangrove area

Site Site activities Station no. Metal EFs

Cu Ni Cd Pb Zn

I Recycling/smelting industries 1 0.30 0.21 1.49 2.28 4.78

2 0.28 0.22 1.05 2.29 5.08

3 0.31 0.21 1.31 2.32 4.61

II Urban, agricultural runoff/ effluents from coal-fired plant 4 1.76 0.46 2.35 5.31 15.63

5 1.80 0.50 3.15 5.11 16.61

6 1.75 0.48 2.89 5.10 14.96

III Fishermen activities/boating 7 0.33 0.29 1.79 1.38 3.21

8 0.32 0.33 1.51 1.27 2.15

9 0.30 0.28 2.17 1.62 3.63

10 0.52 0.34 2.80 1.97 6.35

IV Sea/shipping activities 11 0.32 0.34 2.26 1.42 4.44

12 0.49 0.35 2.46 1.56 3.87

13 0.46 0.34 2.04 1.85 6.11

14 0.38 0.39 1.48 1.44 4.37

Overall mean 0.67 0.34 2.05 2.49 6.84
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vehicle tires, galvanized building materials, paints, and indus-
trial activities (electrical and electronic factories); the main
sources of Cu are from vehicle brake pads, plumbing, active
coal-based power plant, and industrial activities, while Pb
major sources are paints, batteries, cables, alloys, and gasoline
(heavy traffic in the nearby city), which can be made more
sever by the use of leaded petrol (Ismail et al. 1993; Yap et al.
2003; Zulkifli et al. 2010a, b; Sheela et al. 2012).
Kamaruzzaman et al. (2011) also reported that Pb in sediments
of coastal area in Malaysia is a result of anthropogenic activ-
ities. The average EF values of heavy metals in sediment from
Sungai Puloh were lower (for Cu and Pb) and higher (for Zn)
than those in sediments from the north western Peninsular
Malaysia as reported by Yap and Pang (2011). Sany et al.
(2013a) reported significant enrichment of Cd and Pb in
Klang straits, west Peninsular Malaysia compared with the
minor to moderate enrichment of Cd and Pb in this study; this

could be a result of more anthropogenic activities in the Klang
River than in Sg. Puloh. However, these reports underscore
the fact that there is a threat of heavy metal especially Cd and
Pb contamination in the west coast of Peninsular Malaysia
originating from anthropogenic activities.

Pollution assessment

Pollution load index and index of geoaccumulation

The pollution load index (PLI) and the calculated index of
geoaccumulation (Igeo) values of the studied metals in all the
stations are presented in Table 7 (mean Igeo, its classes, and
PLI of the studied metals in surface sediments for all stations).
PLI values were found to be high (PLI>1) in all the stations,
indicating that there is presence of pollutants and therefore
unavoidable progressive deterioration of sediment quality
(Tomlinson et al. 1980). The main contributors to each PLI
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Table 7 Mean Igeo, its classes, and PLI of the studied metals in surface sediments for all stations

Sites Station no. Igeo values based on average shale Igeo class PLI

Cu Ni Cd Pb Zn Fe Cu Ni Cd Pb Zn Fe

I 1 −1.50 −1.98 0.82 1.44 2.50 0.24 0 0 1 2 3 1 1.79

2 −1.51 −1.88 0.41 1.53 2.67 0.33 0 0 1 2 3 1 1.79

3 −1.41 −1.96 0.67 1.49 2.48 0.27 0 0 1 2 3 1 1.79

II 4 0.85 −1.08 1.26 2.44 3.99 0.03 1 0 2 3 4 1 3.56

5 0.98 −0.88 1.78 2.48 4.18 0.13 1 0 2 3 5 1 4.08

6 0.91 −0.97 1.64 2.46 4.01 0.11 1 0 2 3 5 1 3.85

III 7 −1.81 −2.03 0.62 0.24 1.46 −0.22 0 0 1 1 2 0 1.23

8 −1.70 −1.65 0.53 0.27 1.03 −0.07 0 0 1 1 2 0 1.25

9 −2.04 −2.16 0.81 0.39 1.55 −0.31 0 0 1 1 2 0 1.22

10 −1.02 −1.62 1.41 0.90 2.59 −0.08 0 0 2 1 3 0 1.93

IV 11 −1.64 −1.56 1.19 0.51 2.16 0.01 0 0 2 1 3 1 1.62

12 −1.02 −1.53 1.31 0.65 1.96 0.01 0 0 2 1 2 1 1.76

13 −1.26 −1.67 0.89 0.75 2.48 −0.13 0 0 2 1 3 1 1.70

14 −1.18 −1.14 0.79 0.75 2.35 0.22 0 0 2 1 3 1 1.84

Overall mean −0.96 −1.58 1.01 1.16 2.53 0.04 0 0 2 2 3 0 2.10
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Table 8 Mean Igeo of metals in
surface sediments and its classes
for different sites

Sites Igeo values based on average shale Igeo class

Cu Ni Cd Pb Zn Fe% Cu Ni Cd Pb Zn Fe

I −1.48 −1.94 0.63 1.48 2.55 0.28 0 0 1 2 3 1

II 0.91 −0.97 1.56 2.46 4.06 0.09 1 0 2 3 5 1

III −1.64 −1.87 0.84 0.45 1.66 -0.17 0 0 1 1 2 0

IV −1.28 −1.47 1.04 0.67 2.24 0.03 0 0 2 1 3 1

Table 9 Comparison of Cu, Ni, Cd, Pb, Zn, and Fe (μg/g) with surface sediments from mangrove and coastal areas from Malaysia, around the world,
and sediment quality guidelines

Location Cu Ni Cd Pb Zn Fe References

Local

West coast of Peninsular
Malaysia

<6.00 – – 1.00–45.00 50–1400 Ismail et al. (1993)

Bintulu coastal waters 7.00–13.00 – – 11.00–36.00 39–91 – Ismail (1993)

Sebarang Perai, Malaysia 9.99–63.44 0.27–4.68 22.19–45.32 30.03–513.20 Ismail and Asmah (1999)

Intertidal west coast
of Peninsular Malaysia

0.40–315.00 – 0.03–1.98 0.96–69.81 3.12–306.20 – Yap et al. (2002, 2003)

Tg. Piai, Malaysia 3.43–3.81 10.10–11.00 0.72–1.19 16.50–21.60 40.30–43.10 – Yap et al. (2006)

Peninsular Malaysia 1.63–150.81 2.41–36.29 <1.06 7.97–93.11 23.70–607.20 – Zulkifli et al. (2010b)

Northern part of
Peninsular Malaysia

4.79–32.91 – – 15.85–61.56 33.6–317.4 – Yap and Pang (2011)

Langkawi coastal
area Malaysia

0.4–30.95 – – 12.25–71.38 Kamaruzzaman
et al. (2011)

Port Klang coastal area,
Selangor, Malaysia

17.43 11.44 0.83 59.45 51.05 – Sany et al. (2013b)

International

Arabian Gulf, United
Arab Emirates

5.31–29.40 14.8–109 3.12–6.94 13.2–49.8 – – Shriadah (1999)

Hong Kong 2.60 2.90 0.32 31.20 – – Tam and Wong (2000)

Port Jackson Australia 102 – – 443 10–287 MacFarlane et al. (2002)

South west coast of Spain 41.00–336.00 10.00–61.00 0.19–2.50 20.00–197.00 141.00–649.00 1.6–3.5 Morillo et al. (2004)

Mangrove area of Singapore 7.06 7.44–11.65 0.18–0.27 12.3–30.9 51.24–120.23 Bayen et al. (2005)

Punta Mala bay, Panama 56.3 27.3 <10 78.2 – – Defew et al. (2005)

Mandovy estuary India 11.50–77.50 – – 4.5–46.5 19.5–85.5 2.2–49.7 Alagarsamy (2006)

Guanabara Bay, Brazil 2–18,840 1–3515.50 – 2–193.4 5–755.1 – Neto et al. (2006)

Kaoshiung Habour, Taiwan 5–946 – 0.1–6.8 9.5–470 52–1369 – Chen et al. (2007)

Dumai coast Indonesia 1.61–13.84 7.26–19.97 0.46–1.89 14.63–84.90 31.49–87.11 2.10–3.92 Amin et al. (2009)

Red Sea, Egypt 6.8–190.2 5.5–52.4 0.65–5.75 5.0–56 – – El-Said and
Youssef (2012)

Sediment quality guidelines

Hong kong (ISQG-low) 65 40 1.5 75 200 – Chapman et al. (1999)

Hong Kong (ISQG-high) 270 – 9.6 218 410 – Chapman et al. (1999)

Canadian sediment quality
guidelines (TEL)

18.7 – 0.7 30.2 – – Canadian Council
of Ministers of
environment (2002)

Canadian sediment
quality guidelines (PEL)

108 4.2 112 – Canadian Council
of Ministers of
environment (2002)

Sungai Puloh, Malaysia 16.45–132.91 22.79–55.54 0.60–1.55 35.51–167..38 291.96–2584.34 5.57–8.68 Present study
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are Cd, Pb, and Zn as it is revealed by EFs. The highest PLI
among the sites were found in site II (Fig. 4). However, all the
sites are considered polluted according to Cabrera et al. (1999)
since PLI is >1 for all sites. The average Igeo revealed that the
surface sediment of this mangrove area is moderately polluted
with Cd and Pb, and moderately polluted to strongly polluted
by Zn. Using the classification of Muller (1981) for the degree
of pollution among the sites (Table 8) revealed that site I is
unpolluted to moderately polluted with Cd, moderately pol-
luted with Pb, and moderately polluted to strongly polluted
with Zn.

Only site II showed unpolluted to moderately polluted with
Cu (and no pollution with Cu in other sites), moderately
polluted with Cd, moderately to strongly polluted with Pb,
and strongly to extremely polluted with Zn. In site III which
appears to be the least polluted among the sites revealed
unpolluted to moderately polluted with Cd and Pb, and mod-
erately polluted with Zn. All the sites revealed no pollution
with Ni. Considering the mean PLI and Igeo values of heavy
metals obtained in the surface sediments on this mangrove, it
could be reported that the Sungai Puloh mangrove surface
sediments is moderately polluted with Cd, Pb, and Zn and
therefore require urgent action from appropriate quarters.

The ranges of heavy metal concentrations of this study
were compared with sediment quality guidelines and other
studies reported within Malaysia and other parts of the world
(Table 9). In comparison withMalaysia studies, Cu is found to
be comparable with that reported by Yap et al. (2003) and
Zulkifli et al. (2010b) but higher than those reported by Ismail
et al. (1993), Ismail and Asmah (1999), Kamaruzzaman et al.
(2011), and Sany et al. (2013b). Also, Cd and Pb in this study
are comparable with the recent study of Sany et al. (2013b),
while Ni, Cd, Pb, and Zn are higher than earlier studies
reported for Peninsular Malaysia, Hong Kong, and
Singapore. However, when this study is compared to studies
in other parts of the world, Cu ranges are lower than those of
South west coast of Spain, Port Jackson Australia, Guanabara
Bay, Brazil, Kaoshiung Habour, Taiwan, and Red Sea, Egypt.
Cadmium and Pb are comparable with those of South Coast of
pain, and Guanabara Bay, Brazil, while Ni was found to be
higher in that reported in Guanabara Bay, Brazil than that of
this study. Furthermore, this study revealed that Ni and Pb are
higher in the present study than those of Dumai coast,
Indonesia. The Zn concentrations in this study is comparable
with those reported by Ismail et al. (1993) and Chen et al.
(2007), but higher than other reported studies. The mean
concentrations of Cu, Ni, Cd, Pb, and Zn in this study were
also compared with the Hong Kong interim sediment quality
guidelines (ISQG) reported by Chapman et al. (1999). The
comparison revealed that all other studied metals except Zn
(1023.68±762.93) μg/g were below both the ISQG-low and
ISQG-high, except for Pb (78.84±49.61) μg/g that was a bit
higher than the ISQG-low. When the mean concentrations of

Cu, Cd, and Pb were compared with those of Canadian
sediment quality guidelines, it was observed that Cu, Cd,
and Pb concentrations were above the threshold effect level
(TEL)—a level below which adverse biological effects are not
expected to occur frequently, and were below the probable
effect level (PEL)—a level above which adverse biological
effect is expected to occur very often. Since this two levels
(TEL and PEL) have been commonly used as screening tools
for sediment quality by different stakeholders involved in
sediment management activities (Canadian Councils of
Minister of environment 2002), and Cd and Pb which are
not known to have any beneficial value to living organisms
were above the thresh hold effect level (TEL). Therefore, it is
advised that further investigation of these two metals Cd and
Pb within this mangrove area be conducted and anthropogenic
mitigation measures be implemented.

Conclusion

The anthropogenic inputs of heavy metals in intertidal surface
sediments of Sungai Puloh is revealed by the EF with respect
to Cd, Pb, and Zn, which are mainly from the urban runoffs,
and coal-fired plants/industrial effluents. Based on the PLI and
Igeo, the quality of the sediment could be said to be moderately
polluted and continues to deteriorate and this may impact on
the macrobenthic organisms living within the study area.
Therefore, this mangrove area requires urgent attention to
mitigate further contamination. Finally, this study will con-
tribute to data sources for Malaysia in establishing her own
ISQG since it is a baseline study with detailed contamination
assessment indices for surface sediment of this intertidal man-
grove area.
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