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Abstract The present study aimed to assess the effects of
anthropogenic activities on the heavy metal levels in the
Langat River by transplantation of Corbicula javanica. In
addition, potential ecological risk indexes (PERI) of heavy
metals in the surface sediments of the river were also

investigated. The correlation analysis revealed that eight
metals (As, Co, Cr, Fe, Mn, Ni, Pb and Zn) in total soft tissue
(TST) while five metals (As, Cd, Cr, Fe and Mn) in shell have
positively and significantly correlation with respective metal
concentration in sediment, indicating the clams is a good bio-
monitor of the metal levels. Based on clustering patterns, the
discharge of dam impoundment, agricultural activities and
urban domestic waste were identified as three major contrib-
utors of the metals in Pangsun, Semenyih and Dusun Tua, and
Kajang, respectively. Various geochemical indexes for a sin-
gle metal pollutant (geoaccumulation index (Igeo), enrichment
factors (EF), contamination factor (Cf) and ecological risk
(Er)) all agreed that Cd, Co, Cr, Cu, Fe, Mn, Ni and Zn are
not likely to cause adverse effect to the river ecosystem, but
As and Pb could pose a potential ecological risk to the river
ecosystem. All indexes (degree of contamination (Cd), com-
bined pollution index (CPI) and PERI) showed that overall
metal concentrations in the tropical river are still within safe
limit. River metal pollution was investigated. Anthropogenic
activities were contributors of the metal pollution.
Geochemical indexes showed that metals are within the safe
limit.

Keywords Anthropogenic activities . Heavymetals .

Corbicula javanica .LangatRiver .Ecological riskassessment

Introduction

The potential role of heavy metals to humans are vastly dif-
ferent; some metals such as Cu ,Zn and Fe only become toxic
when excess, while other non-essential elements, such as Pb,
Cd and Ni, are toxic even in low concentration (Schwartz et al.
2010). Through bioaccumulation and biomagnification effect,
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the bioconcentration of heavymetals may increase significant-
ly through the food chains.

The impact of agricultural activities on the elevations of
metal concentrations in biological samples had been reported
in the literature. For example, the vineyard farms had been
found to be associated to the usage of pesticides in viticulture
(Rocha et al. 2015) while large-scale usage of fertilisers and
pesticides at a paddy field had contributed to the enriched
metal concentrations in bivalve Vollorita cyprinoides
(George et al. 2013). Atafar et al. (2010) found that the ele-
vated levels of Cd, Pb and As in the soil used for cultivation of
durumwheat were related to over-application of fertilisers and
pesticides. Zn was found to be the main contributor to total
risk in all organic wastes, which acted as agricultural fertiliser
(Lopes et al. 2011). Aoun et al. (2015) reported that Pb, Cu
and Zn were highly accumulated in edible marine fish includ-
ing Diplodus sargus, Oblada melanura, Pagellus erythrinus,
Siganus rivulatus and Redcoat squirrelfish (Nylon). These
metals could be originated from the wastes of a phosphate
fertiliser plant.

The effects of domestic discharges on heavy metal levels in
molluscs had been widely reported in the literature (Walsh
et al. 1994). For example, Maanan (2008) reported that ele-
vated Pb levels in marine mussels that received large domestic
wastewater source while George et al. (2013) reported that the
urban domestic wastes and agricultural inputs have contribut-
ed to increased metal concentrations in Villorita cyprinoides.
Sewage discharge, industrial estates and mining activity had
also been found to correlate to the higher levels of metals in
marine molluscs (Usero et al. 2005).

The concern on the impact of river dam on the dynamic of
biogeochemical cycles of metallic pollutants had also been
reported in the literature. Zhao et al. (2013) reported that the
longitudinal distributions of As, Cd, Cr, Cu, Ni, Pb and Zn in
sediments collected from the vicinity of Manwan Dam
(China) were consistently higher than those from upstream
sampling points. Besides, enriched Hg concentrations in the
bottom sediment of the reservoir bed had been previously
reported (Hall et al. 2005; Teisserenc et al. 2014). Therefore,
its potential impact on the downstream of the dam should be
assessed.

The developmental activities in Malaysia have resulted in
deterioration of river quality, depletion of river resources, pub-
lic health risks and loss of river biodiversity (Lim et al. 2013).
Rapid development and urbanisation contributed to the in-
creased input of heavy metals into the ecosystem (Aris and
Looi 2015). Various industrial processes such as mining,
smelters, combustion of fossil fuel and gasoline, usage of au-
tomobile, waste incinerators, and productions of jewellery,
paint pigments, pottery glazes, inks, dyes, rubbers, plastics
and medicines are the main contributors for these anthropo-
genic heavy metals (Kochubovski 2011; Landis and Yu 2003;
Ozaki et al. 2004).

The establishment of biomonitor for freshwater region is
necessary, and the freshwater clam Corbicula javanica was
chosen based on (1) its availability at the study site and (2)
its potential as a good biomonitor similar to its genus sibling
C. fluminea, which is well reported as a good biomonitor of
heavy metals (Marie et al. 2006; Tran et al. 2001). However,
there is limited information in the literature on the use of
C. javanica as a biomonitor of heavy metal pollution. In the
present study, transplantation of the C. javanica from sites
where this species can be abundantly found to other sites of
the same river was conducted to overcome the uneven distri-
bution of this clam species.

Besides comparing the heavy metal concentrations be-
tween river surface sediment and the shell and total soft tissues
(TST) of C. javanica, ecological risk assessment (ERA) was
done to assess the potential risk of the heavy metals in the
environment. It was achieved by calculating some established
risk assessment indexes based on heavy metal concentrations
in surface sediment. Among all the ERAs, enrichment factors
(EF) (Buat-Menard and Chesselet 1979), geoaccumulation
index (Igeo) (Muller 1969) and potential ecological risk index
(PERI) (Hakanson 1980) were calculated in this study.

The objectives of the present study were to assess the heavy
metal pollution in the Langat River by transplantation of
C. javanica from upstream pristine site to downstream polluted
sites of the river, and to determine the potential ecological risk
of heavy metals in the surface sediments of the Langat River.

Material and methods

Study sites

Several surveys, samplings and trial-and-error transplantation
studies in the Langat River were conducted between
June 2012 and June 2013. The sampling sites in this study
were located along upstream and midstream of Langat River
and its branch, Semenyih River (Fig. 1). Overall, a total of
eight, seven, two and six times of trial-and-error transplanta-
tions had been conducted in Pangsun (PS), Semenyih (SM),
Dusun Tua (DT) and Kajang (KJ), respectively.

Three-day transplantation and field measurements

Cages for transplantation were prepared by using folded
13 × 13-cm plastic net tied with cable tie. Owing to the limita-
tion of the distribution of C. javanica in the downstream of
Langat River, transplantation from the upstream to the down-
stream sites was carried out for this biomonitoring study. A total
of 12 cages (30 clams for each cage) was captured in the up-
stream PS and transplanted to downstream sites at DT, SM and
KJ. During the transplantation, the cages were fixed to the
riverbank by rope tied to some trees or other stationary object
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with the cage at the other end of the rope. The cages were then
gently inserted into river stream. Before transplantation, 30
clams were also collected at PS for background study. The
cages were collected after 3 days of exposure. The present study
used 3-day exposure because of massive death of the exposed
clams at longer period of exposure and the short period is
sufficient for bioaccumulation of heavy metals in bivalves
based on several previous studies. For example, Cardoso et al.
(2015) showed that 3 days of exposure was enough for the
bivalve to react to the environment while Won et al. (2016)
artificially exposed Manila clam Ruditapes philippinarum to
Cu and Pb for 24 h and found that the two metal levels in-
creased in the clams after the short period of exposure. The
collected clams and surface sediments (0–10 cm) near the riv-
erbank were placed in plastic bags and put into an ice compart-
ment until transported to laboratory. In the laboratory, they were
stored at −20°C until further analysis.

Sample preparation

Sediments were dried in the oven at 60°C for at least 16 h until
a constant dry weight. Later, dried sediments were grinded by
using pestle and mortar and sieved through a 63-μm stainless
steel aperture. While sieving, the sieve was shaken vigorously
to produce homogeneity (Yap et al. 2002). The sieving is
important to standardise the effects of particle grain size
(Dhanakumar et al. 2015; Yuan et al. 2014).

The clams were thawed at room temperature prior to the
dissection. Before the dissection of the clam, the shell length,
width and heights of each individual were measured by using
digital calliper (Mitutoyo ABSOLUTE Digimatic Calliper 0–
200 mm) with an accuracy up to 0.01 cm. The shell lengths,
widths and heights for each population of C. javanica ranged
from 10.32 to 24.95, 8.53 to 19.52 and 5.65 to 13.33 mm,
respectively (Table 5). The TST and shell were carefully sepa-
rated by using forceps and scalpels washed with distilled water.
The dissected samples in a single cage were pooled together to
get enough samples for analysis. Three replicative metal anal-
yses were done in order to get accurate heavy metal concentra-
tions for each individual cage/homogenised pool. The dissected
pooled tissues were then dried in 60°C for at 72 h minimum
until a constant dry weight (dw) was achieved (Yap et al. 2002).

Sample treatment

Sample digestion

For sediments, 0.50 g of sample (<63-μm diameter) was
digested according to Milestone Microwave Laboratory
System method for sea sediment (Milestone 2014). The dried
sediment sample was mixed with analytical grade 6 ml of
HNO3 (65%), 1 ml of H2O2 (35%) and 1 ml of HClO4 in an
acid-washed closed Teflon vessels. The vessels were sealed
and placed in a microwave oven at 200°C for 30 min. For
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Fig. 1 Sampling map for transplantation sites for clams on Langat River, Selangor, Peninsular Malaysia

118 Environ Sci Pollut Res (2017) 24:116–134



samples of TST and shells of clams, 0.50 g of sample was
digested according to Milestone Microwave Laboratory
System method for oyster tissue (Milestone 2014). The dried
sample (TSTor shell) was mixed with 7 ml of HNO3 and 1 ml
of H2O2 in an acid-washed closed Teflon vessels. The vessels
were sealed and placed in a microwave oven at 200°C for
25 min.

The digests were transferred to 100-ml volumetric flask
and diluted to 100 ml with ultrapure water. During dilution,
the Teflon vessel was rinsed at least three times with ultrapure
water, and the rinsing water was poured into volumetric flask
to ensure all digests were washed into the 100-ml volumetric
flask. The sample was then filtered through Whatman no. 1
filter paper, and the filtrate was stored in an acid-washed pill
box until further metal analysis (Cheng and Yap 2015).

Sequential extraction technique

A sequential extraction technique (SET) was performed using
the four-stage procedure originally recommended by Badri
and Aston (1983), and has been extensively used for the spe-
ciation of heavy metals in the sediments into four geochemical
fractions namely, the easily, freely, leachable or exchangeable
(EFLE); acid-reducible (AR); oxidisable-organic (OO); and
the resistant (RES). The SET gives a better view of the avail-
able fractions of the total metal concentration that may under-
go changes due to alterations in the physico-chemical and
biological characteristics of the environment (Cristina et al.
1986). It is also believed that the distribution of heavy metals
in various geochemical fractions is important to assess the
readily available forms of metals that are associated with sed-
iments (Giordano et al. 1992).

Metal determination

The filtered samples were analysed for Cu, Fe, Ni, Pb and Zn
by using an air-acetylene flame atomic absorption spectrom-
etry (FAAS; Perkin-Elmer Model AAnalyst 800) while As,
Cd, Co, Cr and Mn by using an inductively coupled plasma-
mass spectrometry (ICP-MS; Perkin-Elmer Model Elan 600).

Quality control and quality assurance

All glassware and equipment used were soaked in acid (5%
HNO3) for 72 h. Procedural blanks and quality control sam-
ples were analysed after every 5–10 samples in order to check
for the sample accuracy. For each fraction of the SET proce-
dure, a blank was employed using the same procedure to en-
sure that the samples were free of contaminants. For data
validation, present procedural analytical methods were
checked with certified reference material (CRM) from dogfish
liver (DOLT-3, National Research Council Canada), mussel
tissue (Standard Reference Material® 2976; National Institute

of Standards Technology), soil (NSC) and marine sediments
(MESS-3, National Research Council Canada, Beaufort Sea).
The recoveries of CRMs are being satisfactory and are pre-
sented in S1.

Statistical analyses

Statistical analyses were done by using a statistical software,
Statsoft STATISTICA version 10 for Windows. The present
study included Pearson’s correlation analysis (CA), cluster
analysis, factor analysis and multiple linear stepwise regres-
sion analysis (MLSRA). Prior to all the analyses, log10
(mean + 1)-transformed data were performed because the
transformed ones gave better results as compared to the un-
transformed raw data (Yap et al. 2010; Zar 1996). This is
because the data transformation can improve the normality
of variables (Osborne 2002). Cluster analysis was performed
based on Ward’s method Euclidean distances. The Student-
Newman-Keuls (SNK) post hoc analysis was done by using
the SPSS software version 21 for Windows to determine the
differences between the mean values (Zar 1996).

Data treatment

Geoaccumulation index and enrichment factor

The values of Igeo were calculated according to Muller’s
(1969) formula:

Igeo ¼ log2
Cn

1:5� Bn
;

where Cn: heavy metal concentrations measured in the sedi-
ments; Bn: geochemical background according to the prein-
dustrial reference values (μg/g dw) namely 15, 1.0, 90, 50, 70
and 175 for As, Cd, Cr, Cu, Pb and Zn (Hakanson, 1980),
respectively, 17.3, 50,400 and 47 for Co, Fe and Ni (Rudnick
and Gao, 2003), respectively, and 1000 for Mn (Emsley, 2001).
The factor 1.5 was introduced to minimise the effect of possible
variation in the background values, whichmight be attributed to
lithologic variations in the sediments (Binta Hasan et al. 2013)
and allows content fluctuations of a given substances in the
environment as well as very small anthropogenic influences
(Loska et al. 1997). Six classes of geoaccumulation have been
distinguished by Muller (1969) to classify extend of heavy
metal pollution based on values of Igeo (S2).

The EF in this study was determined using a formula de-
fined by Buat-Menard and Chesselet (1979), with Fe as a
normaliser:

EF ¼
Cn
CFe

� �
sample

Cn
CFe

� �
crust

;
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where (Cn/CFe) sample: metal to Fe ratio in the sediments;
(Cn/CFe) crust: metal to Fe ratio in the earth crust, which con-
sidered as preindustrial unpolluted metal value of a sediment.

The normalisation using Fe is necessary to correct for dif-
ferences in sediment grain size and mineralogy (Schi and
Weisberg 1999). Fe is a major sorbent phase for trace metals
and is a quasiconservative tracer of the natural metal-bearing
phases in fluvial and coastal sediments (Schi and Weisberg
1999). According to Binta Hasan et al. (2013), natural re-
sources (98%) vastly dominated the input of Fe. In this ex-
pression, the normaliser (reference element) is assumed to
have little variability of occurrence and is present in trace
concentration in the examined environment (Loska et al.
1997). The degrees of EF are categorised by Taylor (1964)
and Birth (2003), as shown in S2.

Ecological risk assessment by potential risk of individual
metal and potential ecological risk index

Contamination factor (Ci
f ) was proposed by Hakanson

(1980) to describe the contamination of toxic substances in

an aquatic environment. The Ci
f was calculated using a for-

mula below:

Ci
f ¼

Ci
D

Ci
R

;

where Ci
f : contamination factor; Ci

D: mean metal concentra-

tion in the sediment; Ci
R: preindustrial reference values (PRV)

in the sediments. Hakanson (1980) has classified the Ci
f

values into four categories (S2).
Degree of contamination (Cd) by Hakanson (1980) is math-

ematically calculated as a formula as following:

Cd ¼ ∑
m

i¼1
Ci

f ¼ ∑
m

i¼1

Ci
D

Ci
R

;

where Ci
f : contamination factors for individual metal; Ci

D:

mean metal concentration; Ci
R: preindustrial reference values

in the sediments as mentioned above. The descriptions of Cd

proposed by Hakanson (1980) are presented in S2.
According to Hakanson (1980), the potential risk for indi-

vidual metal can be calculated using formula as follows:

Er ¼ T i
r � Ci

f ;

where T i
r: toxic-response factor namely 10, 30, 2, 5, 5 and 1

for As, Cd, Cr, Cu, Pb and Zn (Hakanson 1980), respectively,
and 1 and 5 forMn and Ni (Xu et al. 2008), respectively. Since

the T i
r value for Co and Fe are not available, Er for both metals

are not calculated. Ci
f is the contamination factor for the same

substance. The extend of potential risk for individual metal
can be described using Hakanson’s (1980) standard (S2)

The PERI can be defined as the sum of the potential risk of
individual metal:

PERI ¼
Xm

i¼1

Eri ¼
Xm

i¼1

T i
r � Ci

f

� �
;

where Eri: potential risk of individual metal, T i
r: toxic-

response factor of the individual metal and Ci
f : contamination

factor of the individual metal. The PERI can be described
according to categories suggested by Hakanson (1980) (S2).

Combined pollution index

Combined pollution index (CPI) was calculated by dividing
the summation of contamination factors with total numbers of
metal analysed (Zhou et al. 2007; Zhu et al. 2012).

CPI ¼ ∑m
i¼1C

i
f

m
;

where Ci
f is contamination factor is for an individual metal

andm is the total number of metals included in this study. The
extent of contamination by CPI can be determined by using
the gradation standard as proposed by Abrahim and Parker
(2008) in S2.

Results and discussion

Heavy metal concentrations in the surface sediments
and clam

Figure 2 showed comparisons of the heavy metal concentra-
tions in the TST and shells of clams, and habitat sediments at
PS and the three transplanted sites at SM, DT and KJ, while
the overall statistics are presented in S3. The ranges of metal
concentrations (μg/g dw) in the sediments were 35.4–112 for
As, 0.12–0.34 for Cd, 2.33–9.68 for Co, 28.1–54.5 for Cr,
10.5–17.4 for Cu, 12,784–34,603 for Fe, 106.7–306.8 for
Mn, 12.4–20.3 for Ni, 48.1–64.3 for Pb and 55.6–84.7 for
Zn. The ranges of metal concentrations (μg/g dw) in the
TST of C. javanica were 1.29–19.6 for As, 0.13–0.38 for
Cd, 0.39–1.38 for Co, 2.03–6.96 for Cr, 12.2–26.1 for Cu,
675–4641 for Fe, 1.81–9.19 for Mn, 6.70–22.1 for Ni, 7.53–
55.7 for Pb and 87.5–305 for Zn. The ranges of metal concen-
trations (μg/g dw) in the shell of C. javanica were 0.14–3.22
for As, 0–0.12 for Cd, 0.16–0.88 for Co, 0.63–6.24 for Cr,
8.85–12.7 for Cu, 226–4010 for Fe, 0.55–2.46 for Mn, 30.8–
37.8 for Ni, 45.7–73.0 for Pb and 8.12–38.3 for Zn.

The first pattern from Fig. 2 was that PS had higher concen-
trations of Co, Cr, Fe, Mn, Ni and Zn the surface sediments,
TSTand shells of clams after 3-day transplantation. After trans-
plantation, the Zn concentration (μg/g dw) in the clam TST
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decreased from PS (180) to SM (149), DT (142) and KJ (114).
Similar pattern occurred for Zn concentrations in the clam shells
in the order of PS > SM > KJ > DT. The Ni concentrations in
the clam TST increased slightly from PS (13.3) to SM (13.7)
but decreased at DT (10.3) and KJ (11.6). After 3 days of
transplantation, the concentrations of Ni in the clam shells de-
creased from PS (34.3) to SM (34.3) and KJ (34.2) but in-
creased at DT (36.4). The Ni concentrations of the shell were
found in the order of DT > SM > KJ > PS.

The Mn concentration (μg/g dw) in the clam TST de-
creased from PS (4.08) to SM (3.79), DT (2.45) and KJ
(2.96). However, the Mn concentrations in the shell increased
from PS (0.76) to SM (1.00), DT (0.93) and KJ (1.36). The Fe
concentrations (μg/g dw) decreased from PS (2335) to SM
(1523), DT (1748) and KJ (1018). Increment of Fe concentra-
tions in the shells was found in SM (1768) after 3 days of
transplantation from PS (892) but still decreased at DT (679)
and KJ (523) when compared to that at PS. The Cr concentra-
tions (μg/gdw) in the TST decreased from PS (4.29) to SM
(3.31), DT (2.72) and KJ (3.44) while those in the clam shells
followed the same order (PS > SM > KJ > DT), after the
transplantation period. PS had the highest Co concentrations
when compared to the three sites.

However, geochemical study revealed that these higher
levels of metals at PS were mainly contributed by natural
origins (>80%) than the anthropogenic one (Table 1).

Therefore, the dam effect had caused higher metal levels but
might not have an environmental impact on the river ecosys-
tem health. But still, higher accumulations of Cr, Fe, Mn, Ni
and Zn were found in the clams (whether TST or shell) at PS,
which indicated higher bioavailabilities of these metals.

The second pattern from Fig. 2 was that KJ had higher con-
centrations of Cu and Pb in the sediments. The geochemical
study revealed that almost half (49–54%) of the total Cu and
Pb were contributed by anthropogenic sources (Table 1).
Therefore, the higher levels of these metals could pose a health
risk to the living organisms. However, such clear pattern is
difficult to be seen based on clam TST and shells since the
highest Cu concentrations are not found at KJ after transplanta-
tion. After 3-day transplantation, Pb level increased significant-
ly (p < 0.05) from PS to KJ in the clamTST but not in the shells.

The third pattern from Fig. 2 was that SM had higher con-
centrations of As and Cd in the sediments. Based on geochem-
ical study, for Cd, more than 99% were contributed by anthro-
pogenic inputs but only 12.7% were originated from anthro-
pogenic sources for As (Table 1). This indicated that Cd could
have ecological impact on the river ecosystem. These sedi-
ment results were also supported by those in both clam TST
and shells for As in which SM accumulated significantly
(p < 0.05) higher levels of As at SM after 3 days of exposure.
The clam TST showed the highest Cd levels at SM. These
results indicated higher bioavailabilities of As and Cd at SM.

Fig. 2 Comparison of the heavy metal concentrations (μg/g dry weight) in the surface sediments at Langat River with those in the total soft tissue (TST)
and shell (Sh) in the clam Corbicula javanica
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Comparison with reported sediment data

When compared to previous studies on Langat River
(Table 2), the present Cd levels were comparable to and
lower than those reported by Shafie et al. (2014) and
Sarmani (1989), respectively. However, levels of As, Cr, Cu,
Ni, Pb and Zn in this study were found to be higher than those
reported by Lim et al. (2013). This may be due to the differ-
ence in season when the sampling was done and the possible
differences in the specific sites chosen (Ma et al. 2015;
Sundaray et al. 2014).

Levels of Zn, Co and Cd found in this study were lower
when compared to those previously reported by Sarmani
(1989). Sarmani (1989) reported higher metal levels when
compared to those in the present findings, and this could be

due to increased effluent discharges into river system during
1970s to 1980s, when Malaysia had undergone rapid
industrialisation (Lim et al. 2013). Compared to other studies,
the Zn concentrations in the surface sediment of Langat River
were found to be lower than those from Mamut River
(Muhammad Ali et al. 2015) and Rawal Lake (Iqbal et al.
2013). The present Cu level was lower than those reported
for Buloh River, Malaysia (Nemati et al. 2011), Mamut
River (Muhammad Ali et al. 2015), and Lake Chapala of
Mexico (Rosales-Hoz et al. 2000), but higher than that for
Rawal Lake (Iqbal et al. 2013).

Pb concentrations were found to be lower thanmost report-
ed values except for those in Buloh River. Present Ni levels
were comparable to those in Buloh River while Fe levels were
also similar with those for Cauvery River, India (Venkatesha

Fig. 2 continued.
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et al. 2012) and Rawal Lake. Similarly, the concentrations of
Mn were also found to be lower than most reported values,
except for those in Cauvery River while Co levels of this study

were similar to those in Buloh River and Rawal Lake, but
lower than those in Mamut River and Lake Chapala. Present
Cr levels were found to be lower than those in Mianyan River,
Southwest China (Shi et al. 2015), Middle reach of Yangtze
River (Song et al. 2011), Central China and Lake Chapala
while were comparable to those in Sungai Buloh, Cauvery
River and Mangla Lake, Pakistan (Saleem et al. 2015).

Multivariate analysis

Correlation analysis

The correlation coefficients (CEs) of metals between the clam
TST and the sediments are presented in Table 3. All metals
concentrations, except for those of Cd and Cu, were positively
and significantly correlated with respective heavy metals in
surface sediments. The correlations of As, Co, Cr, Fe, Mn, Ni,
Pb and Zn concentrations between TST and their habitat sed-
iments indicated the ability of clam TST to reflect their respec-
tive metal levels in their environment. The clam shells also
showed significant correlations with the surface sediments for
As, Cd, Cr, Fe, Mn and Ni. This again suggested the potentials
of C. javanica shell to be a biomonitor for the six metals.

Factor loadings by factor analysis

Table 4a showed factor loadings, eigenvalues and variance
explained by each factor of the ten metals in the surface sed-
iments collected from the four sites along Langat River.
According to Table 4a, three factors were obtained, which
explained 85.2% of the total variance, with the first factor
accounting for 44.7%, the second factor for 24.5% and the
third factor for 15.9%. The first factor was characterised by
high loading (≥0.70) of Co, Cr, Ni and Zn. The second factor
was heavily loaded (≥0.70) with Cu and Pb. Lastly, the third
factor was heavily loaded with As. Therefore, of all the ten
metals investigated, all the metals except for Fe and Mn were
selected on the basis of their high PCA loadings (≥0.70). From
Table 4a, it was shown that none of Fe andMnwas loaded into
any of the three factors, suggesting that other metals were not
come from lithogenic sources.

Table 4b showed factor loadings, eigenvalues and variance
explained by each factor of the ten metals in the clam TST.
Four factors were obtained, which explained 83.7% of the
total variance, with the first factor accounting for 37.3%, the
second factor for 21.4%, the third factor for 13.3% and the
forth factor for 11.7%. The first factor was characterised by
high loading (≥0.70) of Cr, Mn and Ni. The second factor was
heavily loaded (≥0.70) with Fe, Pb and Zn. The third factor
was heavily loaded with As and Co. Lastly, the fourth factor
was heavily loaded with Cu. Therefore, of all the ten metals
investigated, all the metals except for Cd were selected on the
basis of their high PCA loadings (≥0.70).

Table 1 Total concentrations (mean ± SD, μg/g dry weight) of metals
in the surface sediments and their respective contribution (%) in the four
geochemical fractions collected from Langat River

Sites Total %EFLE %AR %OO %NR %R

As PS 67.50 ± 34.40 0.20 0.95 1.85 3.00 97.00

SM 111.99 ± 24.75 0.61 5.09 7.01 12.71 87.29

DT 35.44 ± 3.85 0.47 4.20 3.61 8.29 91.71

KJ 63.75 ± 0.00 0.98 2.67 6.61 10.25 89.75

Cd PS 0.211 ± 0.05 11.78 62.27 20.53 94.58 5.42

SM 0.344 ± 0.08 26.68 53.31 19.03 99.02 0.98

DT 0.241 ± 0.12 16.94 60.21 18.17 95.33 4.67

KJ 0.341 ± 0.01 15.55 51.13 25.82 92.49 7.51

Co PS 9.68 ± 1.16 3.98 23.33 32.45 59.76 40.24

SM 3.12 ± 0.76 5.89 21.30 44.72 71.90 28.10

DT 4.39 ± 0.24 4.54 34.29 24.95 63.78 36.22

KJ 2.33 ± 0.14 1.43 53.93 31.45 86.81 13.19

Cr PS 54.49 ± 6.42 4.48 0.91 25.62 31.01 68.99

SM 30.34 ± 7.26 11.68 1.61 42.93 56.22 43.78

DT 28.10 ± 0.77 8.20 1.57 18.67 28.44 71.56

KJ 39.16 ± 0.00 9.99 2.39 42.03 54.41 45.59

Cu PS 10.90 ± 1.20 1.42 0.52 31.71 33.64 66.36

SM 11.56 ± 2.71 1.74 0.54 39.14 41.42 58.58

DT 10.51 ± 0.72 1.27 0.40 38.59 40.25 59.75

KJ 17.39 ± 0.36 2.44 0.94 51.39 54.78 45.22

Fe PS 34,603 ± 13,589 0.00 2.47 5.26 7.74 92.26

SM 25,286 ± 9009 0.02 5.15 18.38 23.55 76.45

DT 13,154 ± 1776 0.01 4.33 11.33 15.67 84.33

KJ 12,784 ± 1901 0.01 3.39 2.32 5.72 94.28

Mn PS 306.83 ± 115.47 9.22 9.44 9.76 28.43 71.57

SM 203.57 ± 39.20 12.96 7.25 16.17 36.38 63.62

DT 151.59 ± 30.47 12.08 7.37 7.48 26.93 73.07

KJ 106.70 ± 4.88 2.90 22.07 19.58 44.55 55.45

Ni PS 20.25 ± 1.97 0.86 6.75 7.29 14.90 85.10

SM 14.83 ± 2.34 0.51 7.89 10.04 18.43 81.57

DT 12.38 ± 1.23 0.00 5.99 9.08 15.07 84.93

KJ 13.68 ± 0.27 1.58 14.90 12.79 29.27 70.73

Pb PS 48.10 ± 6.78 0.42 0.84 21.60 22.85 77.15

SM 54.42 ± 1.49 0.77 2.71 37.36 40.84 59.16

DT 48.39 ± 2.39 0.29 1.22 33.04 34.55 65.45

KJ 64.27 ± 4.46 1.27 1.43 46.71 49.41 50.59

Zn PS 84.73 ± 18.50 0.02 4.05 8.45 12.52 87.48

SM 55.55 ± 6.91 1.78 15.11 25.51 42.39 57.61

DT 65.21 ± 5.64 1.84 32.42 23.93 58.19 41.81

KJ 66.25 ± 0.44 1.20 40.93 35.17 77.29 22.71

NR non-resistant fractions (summations of EFLE, acid-reducible (AR)
and oxidisable-organic (OO) fractions), R resistant fraction, PS
Pangsun, SM Semenyih, DT Dusun Tua, KJ Kajang
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Table 4c showed factor loadings, eigenvalues and variance
explained by each factor of the ten metals in the shell of
C. javanica. According to Table 4c, two factors were obtained,
which explained 69.5% of the total variance, with the first
factor accounting for 53.6% and the second factor for
15.9%. The first factor was characterised by high loading
(≥0.70) of As, Co, Cr, Cu, Fe, Mn and Zn. The second factor
was heavily loaded (≥0.70) with Cd and Pb. Therefore, of all
the ten metals investigated, all the metals except for Ni were
selected on the basis of their high PCA loadings (≥0.70).

Cluster analysis

Clustering patterns based on the heavy metals in the surface
sediments, TST and shells of the four sites are shown in
Fig. 3a–c, respectively. The clustering pattern based on heavy
metals in sediments (Fig. 3a) and TST (Fig. 3b) clearly indi-
cated the possible source of the heavy metals at the four sites.
PS was being clustered as a single entity, while SM formed a
relatively independent subcluster when compared to DT and
KJ, which were clustered closely (Fig. 3a). The only subclus-
ter with PS indicated that the enriched heavy metal levels in
the sediment were resulted from discharge of dam impound-
ment. Another subcluster with SM suggested a different
source of metal levels in the sediment. The vicinity of a large
area of oil palm plantation at SM could be a potential contrib-
utor for the elevated levels of As and Cd in SM. The high
levels of As and Cd could be due to the usage of pesticides
and phosphate fertilisers (Osman 2014) during agricultural
activities. Figure 3a, b also showed that DTand KJ are closely
clustered, and this could be attributable to potential domestic
inputs. The cluster analysis based on the heavy metal concen-
tration in the TST indicated the bioavailabilities of heavy
metals of the sampling site (Cheng and Yap 2015).

The clustering pattern for the four sites based on the heavy
metal concentrations in the shells of the clams (Fig. 3c)
showed two major clusters with PS and SM as a single entity,
while DTand KJ formed another entity. The clustering pattern
was in agreement with the geographical pattern like TST. This
could be due to different accumulation sites between the shell
and TSTof the clams (Foster and Cravo 2003). Knowledge of
differences of metal levels between shells and TSTof bivalves
had been widely reported in the literature (Yap et al. 2003,
2008, 2009).

Multiple linear stepwise regression analysis

To investigate the dependence of the heavy metal concentra-
tions of C. javanica (shells and TST) upon the heavy metals
concentrations in sediments, MLSRA was performed
(Table 5). The independent variables included were the metal
concentrations of the four geochemical fractions and the total
summation (SUM) of all the four fractions. The result of the

MLSRA showed that the SUM of the sediment has great in-
fluence on the metal concentrations in shell and TST of the
clams since it was the predictive parameter for most of the
models. The EFLE was predictive toward the clam TST for
all the metals except for Cr in shells and As, Cd, Cr, Fe and Zn
in TST. The AR was able to predict the metals except for Fe
and Mn in TST, and Fe and Zn in shells. The OO displayed a
relative influence toward the clam TST for all the metals ex-
cept for Ni and Zn in TST, and Zn in shell. The R influences
on the metal concentration in the clam TST except for Cd. All
the above models showed that the accumulations of metals in
TST and shells (dependent variables) of clams were signifi-
cantly influenced by those in the selected metals in the geo-
chemical fractions of the surface sediments (Yap et al. 2011).
Thus, these results further supported the use of TSTand shells
to reflect the selected metals in their habitat sediments.

Ecological risk assessments

Comparison with established sediment quality guidelines

Heavy metal concentrations in the surface sediments of
Langat River were compared with some existing sediment
quality guidelines (SQG). According to Canadian Council of
Ministers of Environment (CCME 1999) and USEPA (2002),
there are three ranges of chemical pollutants can be consistent-
ly defined according to threshold effect level (TEL) and prob-
able effect level (PEL):

1. The minimal effect range within which adverse effects
rarely occur. Fewer than 25% adverse effects occur below
the TEL;

2. The possible effect range within which adverse effects
occasionally occur. The range between the TEL and
PEL; and

3. The probable effect range within which adverse biological
effects frequently occur. More than 50% adverse effects
occur above the PEL.

Concentrations of Zn, Cu and Cd were found to be lower
than any guidelines including preindustrial reference values
(PRV) by Hakanson (1980), and interim SQG and PEL by
CCME (1999). The concentrations of Pb were found higher
than interim SQG by CCME (1999). With Pb level below
PEL, the Pb contamination in the studied area might cause
occasion adverse impact on biota within this area.

All Ni concentrations in surface sediments were low-
er than PRV by Hakanson (1980), the Ni levels in SM,
DT and KJ were lower than these reference guidelines
except for PS. The Ni levels in the surface sediment
from PS were found higher than TEL and PEL. This
showed that the Ni contamination in PS might cause
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occasion adverse biological effect on the aquatic life
around PS.

The Fe, Mn and Co concentrations in the surface sediments
from all the sites were lower than the PRV by Hakanson
(1980). This indicated that there was no pollution of Fe, Mn
and Co within the studied area. The concentrations of Cr in
sites were lower than PRV by Hakanson (1980) and PEL by
CCME (1999). However, the Cr levels from PS and KJ were
higher than interim SQG. The Cr level from DT was lower
than TEL. This suggested that the Cr contamination at PS and
KJ might cause occasional adverse biological effect to the
biota around these two sites.

Geoaccumulation index and enrichment factor

The values Igeo and EF of heavymetals in the surface sediment
of all the sites are presented in Table 6. The values of Igeo
ranged from −2.24 to −1.63 for Zn, −2.84 to −2.11 for Cu,
−1.13 to −0.71 for Pb, −2.51 to −1.80 for Ni, −2.56 to −1.13
for Fe, −3.82 to −3.25 for Mn, −3.48 to −1.83 for Co, −2.55 to
−1.68 for Cr, −0.22 to 2.09 for As and −3.77 to −2.55 for Cd.

The classifications of heavy metal pollution based on Igeo
proposed by Muller (1969) are presented in S2A. All Igeo
values for Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb and Zn are found

Table 4 Factor loadings (Varimax normalised), eigenvalue, percentage
total variances, cumulative eigenvalue and cumulative total variances for
factors derived by factor analysis for ten metals, based on surface
sediments (a), total soft tissues (TST) of clams (b) and its shells (c) along
Langat River (N = 76). Extraction: Principal components (Bold values
represent loading values >0.70)

(a) Sediment Factor 1 Factor 2 Factor 3

As 0.05 −0.31 0.90

Cd −0.30 0.63 0.54

Co 0.78 0.58 0.03

Cr 0.93 −0.17 −0.01
Cu 0.04 −0.93 −0.01
Fe 0.48 0.39 0.69

Mn 0.51 0.59 0.50

Ni 0.85 0.15 0.29

Pb −0.16 −0.91 0.14

Zn 0.84 0.00 0.01

Eigenvalue 4.47 2.45 1.60

Total variance 44.74 24.49 15.97

Cumulative total variance 44.74 69.23 85.20

(b) TST Factor 1 Factor 2 Factor 3 Factor 4

As 0.44 −0.37 0.72 −0.20
Cd 0.70 −0.16 −0.15 0.36

Co −0.26 0.11 0.89 0.19

Cr 0.80 0.26 −0.11 0.03

Cu 0.10 −0.03 0.08 0.96

Fe 0.28 0.87 −0.08 0.22

Mn 0.90 0.18 0.19 −0.01
Ni 0.81 0.36 −0.04 −0.02
Pb −0.05 −0.91 0.02 0.18

Zn 0.20 0.89 0.01 -0.05

Eigenvalue 3.73 2.14 1.33 1.17

Total variance 37.30 21.40 13.29 11.67

Cumulative total variance 37.30 58.70 71.98 83.66

(c) Shell Factor 1 Factor 2

As 0.73 −0.01
Cd −0.19 0.83

Co 0.86 −0.31
Cr 0.87 −0.18
Cu 0.89 −0.21
Fe 0.73 0.15

Mn 0.93 −0.12
Ni −0.41 0.61

Pb 0.31 0.71

Zn 0.81 0.01

Eigenvalue 5.36 1.59

Total variance 53.62 15.87

Cumulative total variance 53.62 69.49

Table 3 Correlation coefficients of heavy metal concentrations
between the clams (shell and total soft tissue (TST)) with geochemical
fractions, based on log10 (mean + 1)-transformed data (N = 76)

EFLE AR OO R NR SUM

As TST 0.80* 0.68* 0.87* 0.29* 0.85* 0.35*

Shell 0.73* 0.61* 0.73* 0.34* 0.72* 0.41*

Cd TST −0.16 −0.21 −0.01 0.1 −0.17 −0.17
Shell 0.2 0.24* 0.09 -0.11 0.22 0.22

Co TST −0.17 −0.44* −0.28* −0.29* −0.38* −0.36*
Shell 0.1 −0.34* 0.16 0 −0.06 −0.02

Cr TST 0.07 −0.14 0.44* 0.2 0.42* 0.35*

Shell 0.1 0.02 0.53* 0.04 0.52* 0.23*

Cu TST 0.04 0.03 0.29* 0.05 0.27* 0.2

Shell −0.12 −0.03 −0.34* −0.35* −0.33* −0.33*
Fe TST 0.02 0.23* 0.56* 0.62* 0.51* 0.76*

Shell 0.42* 0.17 0.47* −0.09 0.47* 0.09

Mn TST 0.29* 0.40* 0.55* 0.21 0.48* 0.42*

Shell 0.17 0.04 0.40* 0.2 0.23* 0.35*

Ni TST 0.15 −0.04 0.07 0.37* 0.04 0.46*

Shell −0.51* −0.11 −0.26* 0.09 −0.27* −0.01
Pb TST 0.39* 0.11 0.65* −0.70* 0.63* 0.1

Shell −0.17 −0.02 −0.02 −0.06 −0.02 −0.11
Zn TST −0.53* −0.76* −0.78* 0.82* −0.77* −0.68*

Shell −0.51* −0.58* −0.54* 0.43* −0.57* −0.59*

EFLE freely leachable and exchangeable, AR acid-reducible, OO
oxidisable-organic, R resistant, SUM summation of all geochemical
fractions = EFLE + AR + OO + R

*Significant at the level p < 0.05 (two-tailed). All values are based on
log10(mean + 1) where x = concentration of the metal
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to be less than 0, and therefore, they can be categorised as
‘unpolluted’ or Igeo class 0. In the case of As, DT was scored
as 0.66, placing it at ‘unpolluted to moderately polluted’ cat-
egory. KJ scored 1.50, placing it at ‘moderately polluted’

category. While the Igeo of SM scored 2.32, placing it at ‘mod-
erately to strongly polluted’ category.

The EF values ranged from 0.63 to 1.49 for Zn, 0.32 to 1.37
for Cu, 1.00 to 3.62 for Pb, 0.63 to 1.15 for Ni, 0.15 to 0.48 for
Mn, 0.30 to 0.97 for Co, 0.51 to 1.72 for Cr, 1.87 to 16.76 for
As and lastly 0.19 to 0.69 for Cd. The EF is a convenient
measurement of geochemical trends and is applied for specu-
lating a lithogenic or anthropogenic origin of heavy metal
(Sutherland 2000). The degree of enrichment was categorised
according to the value of EF from ‘no enrichment’ to ‘ex-
tremely severe enrichment’ at S2B (Birth 2003; Binta Hasan
et al. 2013; Lim et al. 2013 Taylor 1964).

For PS, the EF value showed that the sediment at PS is minor
enriched with Pb and As (EF = 1.00 and 1.87, respectively). At
SM, based on the EF value, the sediment at SM was minor
enriched with Pb (EF = 1.73) and severely enriched with As
(EF = 12.8). At DT, it was found that the sediment collected at
SMwasminor enrichedwith Zn, Pb, Ni and Cr (EF = 1.43, 2.65,
1.01 and 1.20, respectively). The sediment of SMwas also mod-
erately severe enriched with As (EF = 9.05). The KJ sediments
were found to be metal-enriched except for Mn, Co and Cd. The
sediment at KJ was found to be minor enriched with Zn, Cu, Ni
and Cr (EF = 1.49, 1.37, 1.15 and 1.72, respectively). Pb and As
in the KJ sediments were found to be moderate (EF = 3.62) and
severe (EF = 16.8) enrichments, respectively.

The Igeo values suggested that there was no pollution to the
sediment at the four sites studied, but EF showed that there
was some enrichment of metal at all the sites. This showed the
difference of these two indices. For Igeo, it showed that there
was no pollution (Igeo < 0) of Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb
and Zn. While for EF, all the sites were shown to have some
form of metal enrichment (EF ≥ 1). According to Haris and
Aris (2013), Igeo was more objective than EF in determining
the enrichment of metal pollution in sediments. This could be
due to the usage of average crust concentration for the calcu-
lation of EF may not reflect the true enrichment level in the
study area, and this can result in over or underestimation of EF
(Haris and Aris 2013).

The EF value of Pb indicated that there was minor to mod-
erate enrichment of the said metal at the four sites studied,
with the enrichment increasing along with the flow of river
water from upstream sites to downstream. For Zn, someminor
enrichment at DTand KJ was found, which could be related to
vehicular activities. Yang et al. (2011) reported that Zn in an
urban area was contributed by the vehicular activities in the
vicinity. The increased amount of vehicle running at DT and
KJ may also contribute to the increased enrichment of Zn, Cu,
Pb, Ni, Cr and As. Fuge (2013) stated that oil and coal com-
bustion in Europe contributed significantly to atmospheric
deposition of As, Cd, Cr, Cu, Ni and V.

Both of the Igeo and EF were in agreement that there was
enrichment of As at SM, DTand KJ. SM and KJ showed severe
enrichment of As. For SM, this may be due to the agricultural
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Fig. 3 Cluster analysis based on Ward’s method Euclidean distances, on
the heavy metal concentrations (log10 [mean + 1]) in the surface
sediments (a), clams’ soft tissues (b) and clams’ shells (c) (N = 190).
PS Pangsun, SM Semenyih, DT Dusun Tua, KJ Kajang
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activity (oil palm plantation) around the site. Aris et al. (2015)
reported that the elevated As level may be explained by the
possibility to the use of arsenic pesticide/herbicide at that area.
Han et al. (2003) stated that the burning of coal as well as petro-
leum is a major anthropogenic source of As in the environment.
Therefore, it is logical to associate the enrichment of As in urban
area with the burning of fuel.

Cheng and Yap (2015) utilised EF as one of the indices in
their investigation of the heavy metal pollution at mangrove sed-
iments of peninsular Malaysia. Martínez-Martínez et al. (2013)
used EF as one of the indices in their investigation of the Pb and
Zn levels in natural soils and tailing ponds. They found that the
EF values of all of the sediment of the ponds studied were
categorised as ‘severe enrichment’ according to Taylor’s (1964)
standard.

Ecological risk assessments

The values ofCf, Cd, CPI, Er and PERI of the sediments of the
four sites along the Langat River are also presented in Table 6.
TheCf values ranged from 2.36 to 7.47 for As, 0.21 to 0.34 for
Cd, 0.13 to 0.56 for Co, 0.31 to 0.61 for Cr, 0.21 to 0.35 for
Cu, 0.25 to 0.69 for Fe, 0.11 to 0.31 for Mn, 0.26 to 0.43 for
Ni, 0.69 to 0.92 for Pb and 0.32 to 0.48 for Zn. The values of

Cf for all the metals, except for As, were lower than 1;
therefore, according to the classifications by Hakanson
(1980) (S2C), they can be classified as ‘low contamination’.
For As, PS and DT were classified as ‘moderate contamina-
tion’ because their Cf values were 1.28 and 2.36, respectively.
The urban site of KJ was categorised as ‘considerable contam-
ination’ while SM as ‘very high contamination’.

The increasing order of Cd of the sampling sites along the
Langat River was PS < DT < KJ < SM. According to the
classifications established by Hakanson (1980), as presented
in S2D, the PS, DT and KJ were categorised as ‘low degree of
contamination’, while SM showed ‘moderate degree of con-
tamination’. The higher Cd value at SM was due to the ‘very
high contamination factor’ of As, while other metals as ‘low
contamination factor’. Therefore, it is confirmed that the ele-
vated concentration in As was the main factor for the high Cd

in SM. Abrahim and Parker (2008) found that the Cd of their
sediment cores ranged from ‘moderate degree of contamina-
tion’ to ‘considerable degree of contamination’ according to
Hakanson’s (1980) standard.

The CPI values found in this study ranged from 0.51 to
1.07. Compared with the gradation standards proposed by
Abrahim and Parker (2008) (S2G), the present CPI values
for all the sites fell into the category of ‘nil to very low

Table 5 Multiple linear stepwise regression analysis of heavy metal concentrations (based on log10[mean + 1]) between the different the clams (total
soft tissues and shells) and the geochemical fractions of the surface sediment (N = 76)

Metals Models R R2 F

As TST = 1.20 + 1.58 (OO) − 8.50 (T) + 7.99 (R) + 0.16 (AR) 0.90 0.80 72.16

Shell = −0.67 + 0.25 (EFLE) + 16.20 (T) − 15.00 (R) − 0.48 (AR) − 0.65 (OO) 0.83 0.69 30.61

Cd TST = 0.09 + 0.36 (AR) + 1.33 (OO) − 1.80 (T) 0.45 0.20 6.13

Shell = −0.03 − 20.00 (AR) − 7.10 (OO) + 38.10 (T) − 12.00 (EFLE) − 1.30 (R) 0.69 0.48 12.95

Co TST = 0.27 + 0.21 (EFLE) − 0.25 (AR) + 0.05 (OO) + 0.35 (R) − 0.69 (T) 0.45 0.21 3.65

Shell = 0.13–0.74 (AR) + 0.82 (OO) − 0.23 (EFLE) 0.60 0.36 13.55

Cr TST = 0.27 + 0.10 (OO) − 0.32 (AR) + 1.39 (T) − 1.0 (R) 0.60 0.36 9.81

Shell = 0.10 + 0.60 (OO) − 0.18 (AR) 0.56 0.31 16.70

Cu TST = 0.97–1.20 (EFLE) + 0.11 (AR) + 1.05 (OO) − 0.02 (R) + 0.28 (T) 0.56 0.31 6.28

Shell = 1.18 + 0.06 (EFLE) + 0.12 (AR) + 4.40 (OO) + 2.00 (R) + 5.24 (T) 0.69 0.48 12.99

Fe TST = −0.36 + 0.65 (T) + 0.74 (OO) + 1.19 (R) 0.82 0.67 47.81

Shell = 1.98 + 0.34 (OO) + 0.18 (EFLE) 0.49 0.24 11.25

Mn TST = −0.26 + 0.40 (OO) + 0.85 (T) + 0.44 (EFLE) + 0.34 (R) 0.61 0.37 10.61

Shell = −1.06 + 0.66 (OO) + 0.53 (AR) + 1.01 (T) + 0.71 (EFLE) + 0.31 (R) 0.64 0.41 9.84

Ni TST = −0.91 + 1.50 (T) + 0.38 (EFLE) + 0.39 (AR) + 1.10 (R) 0.61 0.37 10.52

Shell = 1.67 + 0.75 (EFLE) + 0.32 (R) + 0.19 (OO) + 0.19 (AR) 0.62 0.38 10.92

Pb TST = −5.12 + 2.50 (R) + 3.56 (T) + 1.20 (AR) + 0.92 (EFLE) + 1.40 (OO) 0.85 0.72 35.69

Shell = −1.06 + 0.66 (OO) + 0.53 (AR) + 1.01 (T) − 0.71 (EFLE) + 0.31 (R) 0.64 0.41 9.84

Zn TST = 1.71 + 0.60 (R) + 0.26 (AR) 0.83 0.69 82.62

Shell = 2.28 + 0.24 (T) + 0.16 (EFLE) 0.60 0.36 20.81

Note: Independent variables include EFLE—easily, freely, leacheable or exchangeable; AR—acid-reducible; OO—oxidisable-organic; Res—resistant;
T—summation of all geochemical fractions = EFLE + AR + OO + R. Dependent variables include total soft tissues (TST) and shells of the clams. Those
dependent variables were significantly (p < 0.05) influenced by the selected independent variables
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contamination’. According to Zhu et al. (2012), when CPI < 1,
sediment can be considered as unpolluted; when the CPI > 1,
sediment is considered as contaminated by heavy metals. By
using Zhu et al.’s (2012) standard, only SMwas polluted with
heavy metals as its CPI value was >1 while the PS, DTand KJ
were considered as unpolluted. This result was in partial
agreement with EF, which showed that SM that was
severely enriched with As. Zhu et al. (2012) reported the
CPI value of the sediment of Xiawan Port ranged from
25.54 to 231.4. In comparison to Zhu et al.’s (2012) study,
the CPI from the present study was significantly lower than
that from Zhu et al.’s (2012) results. This was due to the
Xiawan Port heavily received urban and industrial sewage
from an industry zone (Zhu et al. 2012) while the present
study concentrated on upstream to midstream of Langat
River where the pollutant introduction was not as serious as
the large scale of anthropogenic inputs occurred at Hunan
province.

Martínez-Martínez et al. (2013) reported that a majority of
their samples had exceeded the ‘ultra high contamination’

according to Abrahim and Parker’s (2008) standard. Zhou
et al. (2007) found that the range of CPI of their soil samples
were 0.89 to 23.68 with all tailing sites and a nearby ore
dressing plant site having CPI reached ‘very high contamina-
tion’ by Abrahim and Parker’s (2008) standard.

The Er and PERI of the sediment collected at the four sites
along the Langat River are presented at Table 6. The Er values
ranged from 23.62 to 74.66 for As, 6.33 to 10.23 for Cd, 0.62
to 1.21 for Cr, 1.05 to 1.74 for Cu, 0.11 to 0.31 for Mn, 1.32 to
2.15 for Ni, 3.44 to 4.59 for Pb and 0.32 to 0.48 for Zn.
According to the classification by Hakanson (1980) shown
in S2E, all of the Er values for Zn, Cu, Pb, Cr and Cd were
below 40, hence classified as ‘low ecological risk’ for Zn, Pb,
Cr and Cd. For As, PS and DT were categorised as ‘low
ecological risk’ (Er < 40), while SM and KJ were categorised
as ‘moderate ecological risk’ (40 ≤ Er < 80).

The PERI values ranged from 37.8 to 92.7, showing that
combination of all the seven metals of all the sampling sites
were categorised as ‘low ecological risk’ (RI < 150 according
to Hakanson (1980) (S2F).

Table 6 Values of geoaccumulation index (Igeo), enrichment factor (EF), contamination factor (Ci
f ), degree of contamination (Cd), combined pollution

index (CPI), potential risk for individual metal (Er) and potential ecological risk index (PERI) of the sediments of four sites along Langat River

Igeo

As Cd Co Cr Cu Fe Mn Ni Pb Zn

PS 1.59 −2.83 −1.42 −1.31 −2.78 −1.13 −2.29 −1.80 −1.13 −1.63
SM 2.32 −2.14 −3.06 −2.15 −2.70 −1.58 −2.88 −2.25 −0.95 −2.24
DT 0.66 −2.64 −2.56 −2.26 −2.84 −2.52 −3.31 −2.51 −1.12 −2.01
KJ 1.50 −2.14 −3.48 −1.79 −2.11 −2.56 −3.81 −2.37 −0.71 −1.99

EF

As Cd Co Cr Cu Fe Mn Ni Pb Zn

PS 6.55 0.31 0.81 0.88 0.32 NA 0.45 0.63 1.00 0.71

SM 14.88 0.68 0.36 0.67 0.46 NA 0.41 0.63 1.55 0.63

DT 9.05 0.92 0.97 1.20 0.81 NA 0.58 1.01 2.65 1.43

KJ 16.76 1.34 0.53 1.72 1.37 NA 0.42 1.15 3.62 1.49

Ci
f

Cd CPI

As Cd Co Cr Cu Fe Mn Ni Pb Zn

PS 4.50 0.21 0.56 0.61 0.22 0.69 0.31 0.43 0.69 0.48 8.69 0.87

SM 7.47 0.34 0.18 0.34 0.23 0.50 0.20 0.32 0.78 0.32 10.67 1.07

DT 2.36 0.24 0.25 0.31 0.21 0.26 0.15 0.26 0.69 0.37 5.12 0.51

KJ 4.25 0.34 0.13 0.44 0.35 0.25 0.11 0.29 0.92 0.38 7.46 0.75

Er PERI
As Cd Co Cr Cu Fe Mn Ni Pb Zn

PS 45.00 6.33 NA 1.21 1.09 NA 0.31 2.15 3.44 0.48 60.01

SM 74.66 10.23 NA 0.67 1.16 NA 0.20 1.58 3.89 0.32 92.71

DT 23.62 7.20 NA 0.62 1.05 NA 0.15 1.32 3.46 0.37 37.80

KJ 42.50 10.23 NA 0.87 1.74 NA 0.11 1.45 4.59 0.38 61.87

Note: due to the absence of the toxic-response factor for Fe and Co, the Er for the Fe and Co cannot be calculated. Therefore, Fe and Co is not
incorporated into the PERI in this study.

PS Pangsun, SM Semenyih, DT Dusun Tua, KJ Kajang, NA not available
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Possible sources of heavy metal contamination

Effects of dam discharge

The elevated levels of Co, Cr, Fe, Mn, Ni and Zn in PS might
be caused by the periodic release of impounded water from
Pangsun Dam reservoir in short distant upstream from PS.
Wang et al. (2015) suggested that flushing of dam water
may cause high ecological stress on the downstream reaches.
This is due to sedimentation of suspended matter, which may
adsorb pollutants from flowing water from river and deposited
into the reservoir. Flushing of dam water might release these
pollutants from the sediment. The sediment transportation of
the river decreased following the construction of river dam
(Apichitchat and Jung 2015; Fan et al. 2015). This phenome-
non has been due to the ability of a dam to trap a portion of
incoming sediment load from upper stream source altering the
sediment regimes of the river (Fan et al. 2015). Reducing
sediment load is likely to reduce the nutrient fluxes in the
river and cause erosion of the downstream riverbank. Fan
et al. (2015) found that the Cu concentration in reservoir water
increased for ‘low-flow period’while decreased on ‘high-flow
period’ and ‘normal-flow period’ after the dam was construct-
ed (post-dam), compared with pre-dam data. Young and
Ishiga (2014) noted increased of elemental concentration in
2013 when they studied the impact of gate removal of Arase
Dam at Kuma River, Japan. They hypothesised that this phe-
nomenon has been due to periodic flushing in winter causing
increase in fine particle fraction.

The anoxic environment of the hypolimnion bottom of the
dam reservoir would cause the hypolimnion water to be more
capable to dissolve metals, and this could result in elevated
metal concentrations (McCully 2001) in the sediments. This
acidic characterisation of water is supported the slightly lower
water pH value at PS (6.22), which was slightly lower than
that at DTand KJ (6.53 and 6.74, respectively), located farther
from the dam.

Previous investigations of the concentration of Hg of the
sediments of the river dam reservoir have confirmed the con-
tribution of the formation of dam reservoir to the elevated total
Hg and bioavailable methyl-Hg levels in the sediment of the
dam reservoir (Hall et al. 2005; Teisserenc et al. 2014). For
example, Teisserenc et al. (2014) observed drastic increase of
total Hg concentration in the sediment of Gabbro lake and
Sandgirt lake that coincided with the time of reservoir
impoundment. Zhao et al. (2013) found higher metal levels
in the sediments near the dam than those far from the dam.
These previous reports signified the potential of river dam to
accumulate heavy metal pollutants in the sediments.

Levels of Fe,Mn, Ni and Znwere found to be highest in PS
among all the four sites but they were dominated by resistant
fraction, indicating association with natural origin from the
breakdown of the silica lattices of rocks (Badri and Aston

1983; Yap et al. 2002). Therefore, although the total metal
concentrations were higher in PS than those in the other sites,
most of them were not bioavailable. This deduction was in
agreement with the results of the CA of the metal levels be-
tween TST (or shell) and sediments. Table 3 showed that all of
the CEs of Co, Fe, Mn, Ni and Zn between TST (or shell) and
sediments were low (less than 0.70).

Factor loadings for the ten metals in the sediments
(Table 4a) grouped Co, Cr, Ni and Zn as factor 1. Among
the four metals in factor 1, the concentrations of Co, Ni and
Zn were found to be highest in PS, showing the effect of the
discharge of dam impoundment on the factor loadings of the
metals in the sediment. However, factor loadings of Co, Fe,
Mn, Ni and Zn based on TST of C. javanica (Table 4b) were
found not to be loaded into a single factor. The discrepancy of
factor loadings between sediments and TST might be a result
of differences in the metabolism, rates of accumulation and
depuration of the five metals. Moreover, the above five metals
were essential elements with important biological needs to the
organism. For factor loadings based on the shells of
C. javanica (Table 4c), four metals (Co, Fe, Mn, and Zn, with
the exception of Ni) were loaded into factor 1. However, As,
Cr and Cu (loaded into factor 1) were not affected by dam
discharge.

Despite higher levels of Co, Fe,Mn, Ni and Zn found at PS,
all of the geochemical indexes (Igeo, EF, Cf and Er) showed
that discharge of dam impoundment did not pose significant
ecological risk to the surrounding environment.

Effects of agricultural activities: pesticides and fertilisers

The highest concentrations of As and Cd were found in SM
because it is located at the upstream of Semenyih River, which
is a recreation site with oil palm plantation in the surround-
ings. The higher As concentration in SM might be caused by
the possible use of sodium arsenite as pesticide/herbicide at
the plantation (Aris et al. 2015; Osman 2014). Cd can be
associated with phosphate fertiliser, originating from the Cd
in phosphorous-ore (Osman 2014). Therefore, the use of phos-
phate fertiliser also may contribute to the elevated levels of As
and Cd in oil palm plantation (Fuge 2013; Tao et al. 2016;
Zaharah et al. 1997). Alloway (1995) suggested that high Cd
in some soils and surface waters in agricultural areas had been
linked to the application of phosphate fertiliser.

Organic As compound dominated the pesticide production.
Therefore, it is believed that the elevated As levels in the
sediment were originated from the use of pesticides in oil palm
plantation. However, it can be argued that the environmental
distribution of inorganic As and its speciation in the sediment
might be different depending on the AAs such as the use of
phosphate fertiliser (Osman 2014) around the site.

The geochemical fractions of As and Cd in SM showed
different pattern in the distributions of metal concentrations.
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The As level in the sediment is consistently concentrated in
RES fraction. In contrast, the distribution of Cd is concentrat-
ed in all three non-resistant fractions (EFLE, AR and OO)
with small percentages of RES fractions (0.98–7.51%). This
is in agreement with those reported by Saleem et al. (2015),
Díaz-de Alba et al. (2011) and Marmolejo-Rodrıguez et al.
(2007) that concluded that Cd was being among the most
labile metal. However, RES fractions for As and Cd in SM
were the lowest among the four sites. The results showed that
higher levels of As and Cd in SM were followed by higher
percentages of non-resistant fractions of As and Cd when
compared to the other sites (PS, DT and KJ). These results
could be related to agricultural activities surrounding SM.

The results showed significant positive CEs of As between
clam TST and sediment but not for Cd. The inconsistency of
the Cd level in TST and sediment might be caused by the
fluctuating DO levels in the flowing river water. Tran et al.
(2001) reported the water oxygenation level could be influ-
enced Cd accumulation pattern in C. fluminea. The DO levels
(mg/L) in all the four sites differed greatly, ranging from
3.35 at KJ to 9.11 at DT. Therefore, mechanism in
C. javanica to Cd exposure could be influenced by ever
changing DO levels.

The Igeo value of As in SM reached ‘very strongly polluted
level’ while EF value also reached ‘severe enrichment’ cate-
gory. The Cf also showed that As in SM is ‘very high contam-
ination’. When the toxic-response factor was being taken into
the equation, the potential risk of As will be ‘moderate poten-
tial ecological risk’. It must be noted that SM consisted mainly
of RES As in the sediment, indicating the actual impact of As
on the surrounding biota might be minimal. These indexes
indicated that the use of pesticides and fertiliser had contrib-
uted to the elevation of As in SM but posed no ecological risk.
Owing to the inherently low Cd concentration, all of the eco-
logical risk indexes for Cd in SM are minimal, with the ex-
ception of Igeo with ‘unpolluted to moderately polluted’.

Effects of urban domestic wastes

The highest concentrations of Pb and Cu were found in KJ,
which could be related to domestic wastes. Pb, Cu and Zn are
known to be originated from paint, fuel additives, tyres and
particulates from moving parts (Wang et al. 2013), which can
be extensively found in urban site at KJ. Municipal wastes had
been found to have elevated levels of heavy metals (Duc et al.
2013; Iwegbue et al. 2010; Yuksel 2015) while Lee et al.
(2012) argued that Pb and Cd levels could be associated
with the incineration of municipal wastes. Duc et al. (2013)
reported that untreated domestic wastewater from Hanoi met-
ropolitan had great impact on the Nhue-Day River System.

The elevated Cu concentrations in the sediments in KJ may
be contributed by the vehicular activities because Cu could be
released from Cu wiring thrust bearing and brakes (Fuge

2013). Although Pb additive to fuel had been banned, the Pb
pollution in the urban dust and soil was a legacy of its former
usage (Fuge 2013). The weathering of the old paint or reno-
vation of the buildings, with the scrapping of old paint, could
be a source of Pb in soil. The Pb-contaminated soils might be
eventually merged with river waters at KJ by surface runoff.
Li-qun et al. (2015) found that the Cu, Zn and Pb contamina-
tion was concentrated in the highly populated urban periphery,
also supporting the higher levels of Cu and Pb in KJ.

High percentages of non-resistant factions of the metals
studied, except for As, Cd and Fe, indicated that most metals
in KJ were potentially more bioavailable than the other sites.
Within the non-resistant fractions, both Cu and Pb were
concentrated in OO fraction, which was considered to be
originated from domestic and industrial origins. The
effluents of some industries such as food processing industry
were known to release sludge rich in OO matter. The high
metal concentrations in OO fraction in KJ might also be due
to the low DO level in KJ. Purushothaman and Chakrapani
(2007) argued that high-flow and abundant oxygenated con-
dition may accelerate the oxidation or decomposition of the
matter resulting in the release of metals into the water layer.
However, Wan et al. (2012) and Shafie et al. (2014) reported
that the potential impact of heavy metals was not serious in
Langat River and that it was generally unpolluted by Cd, Ni
and Cr in regard to surface sediment. This agrees with the
results of PERI in the present study, which showed no alert
in the area studied, including KJ.

Conclusion

In conclusion, higher levels of Co, Fe, Mn, Ni and Zn in PS
were attributed by the discharge of Pangsun Dam impound-
ment. Higher levels of As and Cd in SM could be a result of
the usage of pesticides and phosphate fertiliser in the planta-
tion while higher levels of Pb and Cu in KJ could be attributed
to domestic wastes as well as the usage of motor vehicle.
Based on CA, positive and significant correlations of As,
Co, Cr, Fe, Mn, Ni, Pb and Zn between surface sediment
and TST were found. This indicated that the clam TST was a
potential and good biomonitor for the eight metals in the sur-
rounding habitat. Positive and significant correlations of As,
Cd, Cr, Fe and Mn between surface sediment and shell were
found, indicating the shell of C. javanica was able to reflect
the above five metals as well.

The SQGs and PERI revealed that Cd, Co, Cr, Cu, Fe, Mn,
Ni and Zn were not likely to cause adverse effect to the Langat
River ecosystem, while As in SM showed various degrees of
pollution, and Pb was found as ‘minor to moderate pollution’,
‘low contamination’ and ‘low ecological risk’. Based on
PERI, the urban site at KJ, the effect of dam at PS and the
possible usage of pesticide and phosphate fertiliser in SM
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were not likely to cause adverse effect to the river ecosystem
with ‘low ecological risk’. However, further studies are need-
ed tomitigate, control and manage the sustainable usage of the
river water in the future.
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