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Abstract The aim of the present study was to
appraise the levels of heavy metal contamination (Zn
and Pb) in sediment of the Langat River (Selangor,
Malaysia). Samples were collected randomly from 15
sampling stations located along the Langat River. The
parameters measured were pH, redox potential, salin-
ity, electrical conductivity, loss of ignition, cation
exchanges capacity (Na, Mg, Ca, K), and metal ions
(Zn and Pb). The geo-accumulation index (/ge,) and
contamination factor (Cy) were applied to determine
and classify the magnitude of heavy metal pollution in
this urban river sediment. Results revealed that the /.,
of Pb indicated unpolluted to moderately polluted
sediment at most of the sampling stations, whereas Zn
was considered to be within background concentra-
tion. The I, results were refined by the Cy values,
which showed Pb with very high C; at 12 stations.
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Zinc, on the other hand, had low to moderate C; values.
These findings indicated that the sediment of the
Langat River is severely polluted with Pb. The Zn
concentration at most sampling points was well below
most sediment quality guidelines. However, 40% of
the sampling points were found to have a Pb concen-
tration higher than the consensus-based probable
effect concentration of 128 mg/kg (concentrations
above this value are likely to cause harmful effects).
This result not only highlights the severity of Pb
pollution in the sediment of the Langat River, but also
the potential risk it poses to the environment.
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Introduction

Increasing pollutant levels in surface water is a
controversial issue in developing countries. Most of
these pollutants originate from anthropogenic activi-
ties such as sand mining, construction, waste dumping,
agriculture, and discharge from municipal, residential,
or industrial activities (Cevik et al. 2009; Wei and
Yang 2010; Balogh et al. 2016). Effluent-containing
metals are discharged into the rivers in large quanti-
ties, causing high levels rates of contamination (Islam
et al. 2015). The continuous release of large volumes
of industrial and domestic waste into rivers has led to
increasing levels of metals in river water, which
eventually accumulate in the river sediment. The
presence of metals at high concentrations can be toxic,
because such metals are resistant to degradation, and
could potentially remain for a long time in the
environment. Heavy metals in the environment can
also be contributed by natural phenomena such as rock
weathering with subsequent dissolution of metals in
rivers (Looi et al. 2013). However, the portions of
metal released due to natural processes such as
volatilization, deposition from mineral rock, and
weathering of bed rock are small (Rodriguez Martin
et al. 2015).

Uncontrolled discharge of contaminants from
industrial activities and inadequate water management
will directly affect the natural ecosystem (Mokhtar
et al. 2009). Heavy metal pollution in the aquatic
environment will result in detrimental effects on
aquatic organisms in the river as well as other
organisms that source food from the contaminated
area (Zeitoun and Mehana 2014; Fatima et al. 2014).
The availability of heavy metal ions in the water
enhanced the bioaccumulation of the metals into
aquatic organisms (Looi et al. 2014). The uptakes of
such metals occur through ingestion and adsorption,
because such ions are widely distributed along the
river once discharged. The results from studies on the
effect of such metals on the health of aquatic organism
are widely established because a heavy metal signif-
icantly affects living organisms (such as fish, macro-
phytes, mollusks, and snails) once it enters their
bodies. However, the excretion and natural processes
of living organisms make it hard to use them to
determine the exact concentration of the metals
accumulated in the biota. Thus, great attention has
been focused on the applicability of sediment as an
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indicator because metal ions are segregated into
sediments, meaning that once deposited at a particular
site, time series analysis could be conducted.

River sediment is broadly perceived as an appro-
priate indicator of the level of contamination of a river.
There are a number of studies investigating the
variability of metals in sediments (Lim et al. 2013;
Yin Chi 2013) and soils (Thomasi et al. 2015;
Praveena et al. 2015). Sediment acts as a metal
reservoir and provides a sensible indicator of the
background pollution of the river. Sediment also has a
high retention capacity, as well as the potential to
release accumulated contaminants back into the river
(water) system (Shafie et al. 2014). The primary
sources of heavy metals in the river sediments are from
the chemical weathering of bedrocks, soil, and runoff
over the riverbank. Sediment is known to affect the
chemical composition of stream waters in various
ways. Some minerals dissolve and may cause precip-
itation of certain dissolved ions, while others may help
stabilize the composition of stream water due to their
exchange (buffering) capacity. Furthermore, sediment
analyses may provide a geochemical and quantitative
approximation of the metal concentrations of associ-
ated water. Some previous studies conducted to assess
the pollution level in the sediments in Malaysia river
systems include Naji et al. (2010), Sherene (2010),
Lim et al. (2012), Idriss and Ahmad (2013) and Shafie
et al. (2014).

In recent times, urbanization has severely impacted
the Langat River, which is one of the main rivers in the
state of Selangor. Pollution from activities occurring
within the Langat River catchment has significantly
contributed to metal pollution in the river sediment.
Some of the more specific metal sources that can be
found within the Langat River catchment include
effluent from wastewater treatment plants, sand min-
ing, and leachate from an illegal waste disposal site.
Thus, there is a critical need to determine and monitor
the concentration levels of heavy metals in the Langat
River.

However, the metal contamination cannot just be
assessed by analyzing metal concentrations alone
because this would provide a biased interpretation of
the results. Thus, it is crucial to differentiate and
quantify the concentrations of the various metals to
yield a better understanding of potential and actual
environmental impacts from the contaminated sedi-
ments. Integration of additional tools such as the geo-
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accumulation index (/g,) and contamination factor
(Cy) can be applied for better understanding and a
more comprehensive study about the possible effect of
each metal. Therefore, complementary approaches
that combine sediment quality guidelines and the geo-
accumulation index are highly recommended in order
to predict the ecological risk of particular areas. Cy was
also used to verify the possible risk associated with
heavy metals, while /., and sediment quality guide-
lines provide a precise evaluation of the fate and
transport of metals from anthropogenic sources.
However, there have been few studies to provide
understanding of the interaction of metals in sediments
considering the differences in chemical reactivity in
tropical rivers. Therefore, this study aims to bridge
information gaps on the dynamics of metals in
different sediments characteristic of the Langat River.
Moreover, this study is expected to update background
contamination levels and the current status of heavy
metal pollution, as well as illustrate and give a better
understanding of the sediment exposure from the
current pollution in this urbanized trans-boundary
river.

Materials and methods
Study area

The Langat River is located in the south Klang
Valley, which is in the central west coast area of
Peninsular Malaysia. The Langat River lies within
the latitude 2°40'152"-3°16'15"N and longitude
101°19'12"-102°1"10"E. The total catchment area
of this basin is approximately 1815 km? (Lim et al.
2013). The geological characteristics of the Langat
River encompass mountainous zones (upstream, hilly
areas that are urban, residential, and agricultural) and
flat downstream areas (an alluvial zone that is mostly
agricultural) (Shafie et al. 2013a; Mokhtar et al.
2015). Most of the mountainous area in the watershed
is considered an undisturbed area. The Langat River
is surrounded by agriculture. There is a permanent
forest reserve in the upstream part, while the middle
stream is used for residential areas and industrial
activities and is the primary urbanized area. Agri-
cultural, industrial, and mangrove areas are the main
land uses in the downstream portion of the Langat
River (Fig. 1).

The river flows through several urbanized areas
(Kajang, Bangi, and Putrajaya). This catchment
includes two reservoirs (Hulu Langat and Semenyih),
which are critical for power and water supply for the
citizens in Selangor. In addition, the Langat River is
also used as a hydroelectricity generator for residential
areas in Selangor. However, rapid development along
the Langat River has become a threat to the water
quality and the ecosystem of the river. The sampling
was conducted from 9 to 10 September 2015 from the
latitude 2°58.364'-3°12.882" N and longitude
101°22.853'-101°52.995" E. The sediment samples
were collected from 15 different sampling points as
shown in Fig. 1 and Table 1.

Field sampling and collection of samples

Fifteen sampling points were randomly chosen along
the Langat River. The sediment samples (0—10 cm)
were collected using plastic scoops that had been acid-
washed and stored in pre-cleaned zip-lock bags. The
locations of the sampling points were recorded using a
global positing system (GPS) device (GARMIN GPS
map 76 CSx, USA). A triplicate grab sample at each
respective point was homogenized in the polyethylene
zip-lock bag and stored in a cool box at 4 °C. Then, the
sediment samples were immediately transported to the
laboratory for further analysis.

Sample preparation and analysis

All the apparatus and glassware were preliminarily
cleaned by an overnight soak in 5% nitric acid
(HNO3;). The glassware was then rinsed several times
with distilled water and dried in an oven to remove all
contaminants and traces of cleaning agent on the
glassware (APHA 2005). The sediment samples were
air-dried for 2 weeks until the sediment weight was
constant. The air-dried sediment samples were
crushed using a mortar and pestle and then sieved
through 2-mm and 63-um sieves before use in the
analyses. The pH, salinity, and conductivity were
determined via electrical measurements recorded
using electrodes from a mixture of sediment and water
in the ratio of 1:2 (Radojevic and Bashkin 2006). In
order to prepare the sediment for measurement,
approximately 10 g of sediment samples (2 mm)
was weighed and then put in a 50-mL centrifuge tube.
Then, about 20 mL of distilled water was added to the
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Fig. 1 Sampling points of Langat River, Selangor, Malaysia
Table 1 Description of Station Latitude Longitude Site description
sampling points in the
Langat River SPO1 N3°12.882/ E101°52.995 Pangsun
SP02 N3°06.491' E101°48.717 Kampong Batu 13, Hulu Langat
SP03 N3°00.860 E101°46.221' Sungai Balak
SP04 N2°55.942' E101°46.594' Bandar Baru Bangi
SPO05 N2°55.062 E101°45.473' Teras Jernang
SP06 N2°53.789' E101°43.720' Jenderam
SPO7 N2°48.376' E101°41.420 Salak Tinggi
SP08 N2°47.426 E101°36.891 Kampong Labuhan Dagang
SP09 N2°48.740 E101°30.564' Bandar Sungai Emas
SP10 N2°48.793' E101°30.673' Banting
SP11 N2°51.937' E101°26.342 Jalan Bandar, Kampong Bandar
SP12 N2°50.266 E101°24.757 Bukit Jugra
SP13 N2°56.371' E101°25.316' Jetty Seri Tanjung
SP14 N2°57.316' E101°25.979 Jetty Serindit Air Hitam
SP15 N2°58.364’ E101°22.853' Jetty Kampong Nelayan, Telok Gong

sediment samples at the ratio of 1:2 (sediment to
distilled water). The mixtures were shaken continu-
ously in the orbital shaker for 30 min. Next, the
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mixtures were allowed to stand for about an hour to
stabilize (Radojevic and Bashkin 2006). The pH was
measured using a pH meter (Thermo Orion 230 A pH
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meter), while salinity and conductivity were recorded
using a multi-parameter probe (Multiparameter probe
YSI 556). Meanwhile, the organic matter was deter-
mined using the loss of ignition (LOI) method
(Radojevic and Bashkin 2006) and the -cation
exchange capacity (CEC) was determined based on
the method proposed by Appelo and Postma (2005),
with some enhancement by Aris et al. (2010).

Prior to the determination of total metals, the
samples were digested in aqua regia solution and
heated in a block digester. The sediment sample
(<63 pm) was pre-digested by mixing 15 mL of aqua
regia into the sample in an acid block digester and was
left to stand overnight. The extraction process was
then continued by heating the sediment at 50 °C for
30 min and then raised to 120 °C for 2 h. The digested
samples were cooled and filtered through a 0.45-pum
cellulose nitrate membrane filter. The extracts were
then diluted with 0.25 M of HNOj3 in a 100-mL
volumetric flask and sent for analysis. The sediment
samples were analyzed for CEC (Na, Mg, K, Ca) and
metals ions (Pb and Zn) using a flame atomic
absorption spectrometer (FAAS, Shimadzu, Japan).
The recovery and accuracy of the extraction method
and analysis were compared to the Standard Reference
Material 1646a (Estuarine Sediment) from the
National Institutes of Standards and Technology
(NIST). The percentage recovery for Zn and Pb was
100.2 and 99.9%, respectively.

Instrumental analysis

The concentration of heavy metals (Pb and Zn) and
four major cations (Ca, Mg, K, and Na) in the sediment
was analyzed using atomic absorption spectrometry
(AAS) (Shimadzu AA-6800F, Japan). The AAS is
widely used in environmental analysis because this
instrument is reliable and simple to operate. It detects

Table 2 Instrumental analysis of respective elements by AAS

the presence and concentration of elements by
analyzing the spectrum produced when an element is
vaporized and absorbs certain frequencies of light. The
techniques make use of the wavelengths of light
specifically absorbed by an element, as can be seen in
Table 2. The highest purity of Mili-Q water (18 MQ/
cm, Milipore, MA, USA) was used for the preparation
of standard and diluted samples. The calibration
standard solution used for heavy metal determination
in the sediment samples was prepared from standard
1000 mg/L stock solution in a 100-mL volumetric
flask.

Geo-accumulation index

The geo-accumulation index (/y,) was applied to
determine the metal pollution in the sediment samples.
This determination equation was introduced by Miiller
(1979) as a quantitative measure of the intensity of
contamination in aquatic sediments. The expression is
recommended to determine the metal concentrations
in the Langat River by comparing the current concen-
tration with the average values in the continental crust
or in shale, as previously reported (Shaw et al. 1976;
Wedepohl 1995). The equation used for the calcula-
tion of Iy, was as follows:

(1)

Ioeo = log, 15 .an
where C,,, the measured concentration of heavy metals
in Langat River sediment and B,, the geochemical
background value in average shale. Because the
natural background values of Pb and Zn were not
available, their background concentrations (Zn = 52
and Pb = 17 mg/kg) were adopted from Wedepohl
(1995) for the calculation of [y, and Cy. The Iy, is
typically divided into six grades: Iy, = 0: back-
ground concentration; /g, = (0-1): unpolluted;

Element Wavelength (nm) Operational conditions Concentration (ppm) Correlation coefficient (r) Recovery (%)
Zn 213.9 Flame: A-Ac 0.2,0.5, 1.0 1.0000 100.2
Pb 217.0 Flame: A-Ac 2.0, 5.0, 10.0 1.0000 99.9
Ca 422.7 Flame: A-Ac 0.1,0.2,04 0.9999 98.8
Mg 285.2 Flame: A-Ac 0.1,0.2,0.3 0.9974 97.9
K 766.5 Flame: A-Ac 0.4, 1.0.2.0 0.9998 99.8
Na 589.0 Flame: A-Ac 1.0, 2.0, 4.0 0.9980 98.9
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Iseo = (1-2): moderately polluted to unpolluted;
Iyeo = (2-3): moderately polluted; Ioe, = (3—4): mod-
erately to highly polluted; and Iy, > 5: very highly
polluted (Wedepohl 1995). The factor 1.5 is the
background matrix factor due to lithogenic effects.

Contamination factor

The contamination factor (Cy) is used to quantify the
contamination status of pollutants in the sediment
based on their concentrations in the sample and their
background concentration. The C; is calculated as
follows:

C,, sample

Ct (2)

~ C,, background
where ‘C,, sample’ refers to metal content in the
sediment and °‘C,, background’ is the metal content
from a natural reference, such as those reported in
Wedepohl (1995). When C; < 1, it is described as low
Cs; 1 < Cr < 3 is moderate Cy; 3 < C; < 6 is consid-
erable Cy, and Cy > 6 is a very high C;. The measured
results in the sediment were used to portray the
classification of metal contamination of Pb and Zn in
the urban river sediment.

Results and discussion
Descriptive statistics of the urban river sediment

Descriptive statistics were used to summarize the

(such as pH, salinity, conductivity, CEC organic
matter, and heavy metals: Pb and Zn) according to the
minimum, maximum, standard deviation, and coeffi-
cient of variance of each one (Table 3). The analysis of
mean, standard deviation (SD), and coefficient of
variance (CV) is necessary to represent the accuracy
and precision of each parameter measured. Most of the
CV analyses were >30%, which indicates high
variation among the stations. The variation was due
to the different environmental conditions and sedi-
ment characteristics along the Langat River. In
general, it was found that the Pb concentration range
(15.29-157.82 mg/kg) in the sediment was higher
than that of Zn (23.70-90.02 mg/kg). Analysis of
variance (ANOVA) was applied to determine whether
the differences in the variables between stations were
significant. The result revealed that there were signif-
icant differences (p < 0.05) in all variables between
the sampling stations.

The pH in the Langat River sediment varied from
5.86 to 7.04, indicating a slightly acidic condition. The
pH was slightly acidic due to several different land use
activities including industrial, construction, mining,
and palm oil silviculture along the Langat River. The
lowest pH was recorded at SP (sampling point) 10 due
to the use of fertilizer, which may contain mono-
sodium and disodium methylarsonate, by the oil palm
plantations (Sarmani 1989). The salinity of the
sediment ranged from O to 6.85 ppt. The highest
salinity was found at SP15, which was located in the
downstream area near the estuary. The salinity was
higher due to the intrusion of seawater into the river

physicochemical parameters of the river sediment (Lim et al. 2013). Meanwhile, the electrical
Table 3 Descriptive Unit Min® Max® Mean + SD° cv*
statistical analysis of river
sediment of Langat River pH - 5.89 7.04 6.45 £ 0.35 5.42
Salinity ppt 0.00 6.85 2.03 £ 2.87 141.75
Conductivity pnS/cm 5.70 11,150.00 1526.47 + 3642.71 238.64
Mg meq/100 g 0.02 6.53 2.58 +£2.90 112.26
K meq/100 g 0.15 3.21 1.29 £+ 1.07 83.04
Ca meq/100 g 0.69 9.13 4.05 £ 2.07 51.05
Na meq/100 g 0.00 0.03 0.02 £+ 0.01 49.66
CEC?* meq/100 g 1.00 14.40 7.93 £+ 4.58 57.75
% Cation exchange capacity, LoI® % 0.02 0.54 0.33 £ 0.18 54.23
® Loss on ignition, TOC % 0.00 2.19 0.97 4+ 0. 56 58.02
¢ Minimum, ¢ Maximum, Total Pb mg/kg 15.29 157.82 118.47 & 35.60 30.05
- Standard deviation, Total Zn mg/kg 23.70 90.02 53.00 £ 19.13 36.10

f . .
Coefficient of variance
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conductivity is defined as the tendency of dissolved
material in solution to conduct electricity (Lim et al.
2013). Higher conductivity (5.70-11,150.00 ps/cm)
was also recorded at SPOS. This is because of the
presence of mineral salts in the sediment that provide
good conduction of electricity (Shafie et al. 2013b).
Salinity influences electrical conductivity (i.e., the
conductivity increases with salinity). This can be
supported by the positive correlation between salinity
and conductivity (r = 0.560 at p < 0.05). The range
of organic matter recorded ranged from 0.02 to 0.54%,
while the amount of CEC in the sediment ranged from
1.00 to 14.40 meq/100 g. The CEC is used to deter-
mine the capacity of sediments to absorb cations
(Shafie et al. 2013a).

The exchangeability of CEC in sediments repre-
sents the amount of cations that can be absorbed.
Pearson’s correlation analysis showed that there was a
positive correlation between Ca and CEC in the
Langat River sediment. Ca also showed a positive
correlation with CEC in the Langat River (r = 0.536
at p < 0.05). Furthermore, Ca was the predominant
metal in the sediment. The most exchangeable cation
in this study was Ca due to its higher charge, which
made it more likely to be absorbed (Shafie et al.
2013b). In this study, Mg and K also showed a strong
positive correlation with CEC with r = 0.867 and
0.900 at p < 0.05, respectively. K was found to be
high in the Langat River because this element is an
important component in the fertilizer used in agricul-
tural areas. The surface runoff and accumulation of
this fertilizer increased the amount of K in the
sediment (Lim et al. 2013).
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The highest concentration of Zn was recorded at SPO9
(90.01 mg/kg) (Fig. 2). The sand mining activities and
alteration of the riverbank through various human
activities along the Langat River caused soil erosion
and resulted in the increase in Zn in the sediment at
these sites. Leaching from building materials is also a
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2002). The increase in Zn entering the Langat River
could affect the geochemistry of the sediment and
cause adverse impacts on the biota (Pillay et al. 2014).
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that will cause serious toxicity to aquatic organisms in
the near future. This is cause for concern because the

i
M Zn #=Pb

o
o
4]
i 4]
b ] [
B B i
B gy s
B [ 5
B B i
b o4 i
- EE B i
o] k3 i i
EE B BE [
; 5 < i3 ot
ok ] e 5 B o] 5
& b1 B bl b2 ] i
¥ ) b 5 b1 b o4 i
HE - [ %] i b B il s
¥ B ) o 5 b1 B [ 5
o ] i b i b B e i
ke [ e b g ] EH o4 i
*E B s b1 B b B ey i
¥ [ ) 5 i ] k) B 3
& Bk [ b1 B b B ] [
¥ [ ) b 4 b1 B [ i
b i i ] HE b e B i
¥ [ 23} b 5 b1 B o4 i
b ] i b1 E b b2 B [
¥ [ ) b i b1 k3 o4 i
o 5 s b1 B Py b EE B i
¥ [ ) b i [ b1 B [ 5
) e i b o it b B B [
i < Y b & i b i o4 i
& 2] i b1 EEE 4 b b2 ] [
¥ EE ) b ¥ i b1 ) B Y
b 3] i b i e b B B i
w i E o 5 e ik ] EH o4 i
2 343 5 23] £ i £ b £ e [
e E Y 5 i i B b1 k) i 1
& & [ 2] & [ 4 b & ] [
¥ < ) & & <] i b1 B B i
HE i s X & g 2 b B gy s
¥ < ) & & ] i b1 B [ 5
b 5 i ) 5T [ 3t b B B i
¥ e ) & i i i b1 b i< i
o ] 2 22} £ i 224 b EE ] i
¥ EE e & £ B i b1 k3 i i
b 5 o ) T [ s b B T 54
¥ i ) & 2 o] [ 55 e 5 5
b2 3] i 2} & E 434 b b2 i i
) i ) & 5 ] i ] i 5 5
2] ] [ 2] S < <4 ¥, 2 R ¥
b E ) & ¥ i 5 ] ) g i
e B s 2] & e 2 E ] ERy )
b i ) & ¥ £ 5 ] e 5 T
] 3] 5 ) i i 34 + ] R o
= i Y & 5 3] % ] + = i
22 2] % e £ <3 224 ¥ LS EEE &
5 +- ) & 5] 3] i ] = i 1
2] 5 % 23] 2 i 224 ) ] LR 2
b < Y & & 3] & ] Fes 5 i
] 3] 5 i) e e 34 ¥ ] R '
2 i 23} & & &3 i ] ¥ 5 i
2] &3 i 2] EE ¢~ 34 ¥ ] R ¥
¥ i 23} & i 323 i ] ¥ 5 i
22 ] ¥ 23] EEE ¥ 224 ¥ ] R &
by e e & i £ & ] bt &g 5
2] 3] 5 ) e < < ) 2] 3] =
5 i ) & 2 &3 & ] ¥ 2 5
2] 3] ¥ 2] i E 434 ¥ s e ¥
% i e & 5 i % ] 3 i i
b i ) i it £ o ] b e i
e e 3] £ s e e <] e i <]

—_
W

Sampling Points

@ Springer



1266

Environ Geochem Health (2017) 39:1259-1271

communities living along the river depend on the river
for their income and food. Table 4 summarizes the
range of Pb and Zn in other Malaysian rivers and the
previously reported concentrations for the Langat
River, compared with the results obtained in this
study.

The highest total Pb concentration in the Langat
River was at SP15 (157.82 mg/kg). This sampling
point was located in the downstream area, near the
estuary of the Langat River, where there are hauling
areas for fishing boats, jetties, and industrial activities.
The mangrove area can act as a substantial sink of
heavy metals from the river system (Haris and Aris
2013, 2015; Haris et al. 2017). The anthropogenic
sources of Pb could have been from spillage of leaded
petrol from the boats and leaching from marine paint
and undercoating. The Langat River is also an
important route for transfer via shipping of the
merchandise from factories (Lim et al. 2012).

The Kendall’s tau-b result shows that Pb only had a
significant positive correlation (r = 0.435; p < 0.05)
with sediment salinity, while Zn was found to be
positively correlated with K (r = 0.402), Ca
(r =0.771), CEC (r = 0.429), and organic matter
(i.e., LOI) (r = 0.486). These results suggest that the
Pb concentration in the sediment may be more
stable because only the sediment salinity has a
significant influence on its concentration. Zinc, on
the other hand, is influenced by four different sediment
parameters. Based on this result, it can be assumed that
Zn is most likely to be adsorbed at exchange sites
occupied by K and especially Ca (due to the stronger
positive correlation), and also organic matter, rather
than at exchange sites occupied by Na and Mg.

Geo-accumulation index and contamination factor
for Langat River sediment

Table 5 shows the Iy, value for Zn and Pb in the
Langat River. The geo-accumulation index (ye,) for
Zn in Langat River sediment ranged from —1.72 to
0.21. Most stations were in class 0 (background
concentration) with the exception of SPO6 and SP09
which were in class 1 (unpolluted) (Table 5; Fig. 3).
This indicates that the Langat River was practically
uncontaminated with anthropogenic sources of Zn.
The negative Iy, values of Zn indicated that there was
no contamination in the sediment and the Zn found in
the sediment was mostly from natural processes such
as soil and rock weathering.

The contamination factor (Cy) was calculated to
determine the contamination status in the sediment of
the Langat River. Table 5 shows the Cy values of Pb
and Zn at each sampling site. The pollution intensity of
Zn at most sampling points showed Cr < 1 (low Cy)
except for SP06, SPO8, SP09, SP14, and SP15, which
were classified as moderate C; (1 < Cr < 3; see
Fig. 4).

The overall distribution of Pb in the Langat River
was observed to be >2, which indicates moderate
pollution (2 < Iy < 3). The Iy, for Zn was below ‘0’
because the sampling points were located upstream,
far from anthropogenic and urbanization activities.
The sources of Pb contamination in the Langat River
can be related to the leakage of diesel from shipping,
boat painting, and industrial activities, which could
increase the level of Pb in the sediment (Shafie et al.
2013b). The sampling points with moderate Cy values
indicated the role of human activities such as sand

Table 4 Comparison of Pb

: ) Location Pb (mg/kg) Zn (mg/kg) References
and Zn concentrations in
sediments of Malaysian Penang River 25.90 + 19.10 131.00 + 7520  Ong et al. (2016)
rivers including previously Sedili Kecil River 29.10 55.10 Shuhaimi-Othman et al. (2012)
reported concentrations for
the Langat River Balok River 30.30 152.10 Mohd Zahari et al. (2015)
Perlis River 45.76 £ 12.70 92.48 + 17.91 Jamil et al. (2014)
Sepang Besar River 86.89 &+ 0.25 246.28 £+ 0.22 Ramsie et al. (2014)
Kelantan River 20.82 + 0.28 18.67 £+ 0.56 Ahmad et al. (2009)
Langat River 15.52 + 7.46 29.71 + 14.84 Shafie et al. (2013b, 2014)
Langat River 3044 + 11.77 35.87 + 13.31 Lim et al. (2013)
Langat River 118.47 £ 35.60 53.00 £ 19.13 This study
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Table 5 Geo-accumulation

: D Station Geo-accumulation index, Iy, Contamination factor, Cy
index and contamination
factor of Langat River lseo Zn Iy P CyZn Cs Pb
sediment
SPO1 —1.69 —-0.74 0.46 0.90
SP02 —1.13 2.50 0.69 8.47
SP03 —1.72 2.52 0.46 8.60
SP04 —0.66 2.16 0.95 6.71
SP0O5 —0.62 2.27 0.98 7.24
SP06 0.12 2.18 1.63 6.78
SPO7 —1.06 2.21 0.72 6.96
SP08 —-0.10 2.28 1.40 7.27
SP09 0.21 2.36 1.73 7.72
SP10 —0.60 1.63 0.99 4.65
SP11 —0.62 1.86 0.98 5.45
SP12 —0.63 2.26 0.97 7.20
SP13 —0.09 2.51 0.89 8.55
SP14 —-0.35 2.54 1.15 8.75
SP15 —0.58 2.63 1.00 9.28
°Pb o that occur along the river, particularly from industrial,
200 - Class 0 Class1 | Class2 | Class3 domestic, and agricultural runoff (Juahir et al. 2011).
Meanwhile, other stations such as SPO1 show low Cy
(C¢> 1) and considerable Cy (3 < Cy < 6; at SP10
) 150 - ° and SP11). This is because SPO1 is located in the
EJ 8 upstream area of the Langat River, which receives
= N high water recharge from the Langat River catchment.
'% l. Thus, low degrees of metal contamination are indi-
§ 100 A cated in this particular area. In contrast, SP10 and
§ o . ° SP11 are located in Banting and Kampung Bandar,
o ° which are highly populated areas with substantial
ﬂ‘; o industrial activities. Hence, a significantly higher
2 501 ° ¢ pollution loading of Pb was recorded (3 < C; < 6)
° which indicates considerable contamination with Pb.
(-]
0 - Comparison with freshwater sediment quality
T T T guidelines
-2 -1 0 1 2 3
Geoaccumulation Index

Fig. 3 Geo-accumulation index of Pb and Zn in sediment of the
Langat River

mining, oil palm plantations, industrial areas, and
waste dumping in the sampling areas. However, the
sediment results in this study on the Langat River
indicated that it was significantly contaminated by Pb.
There were 12 sampling points with C; > 6 (very high
Cy). This could be due to the anthropogenic activities

The concentrations of Pb and Zn found in this study
were compared to several freshwater sediment quality
guidelines (Fig. 4a, b). In general, the sediment
quality guidelines are separated into two groups,
namely the threshold effect concentrations (TECs) and
the probable effect concentrations (PECs). Metal
concentrations that are below the TECs (i.e., TEL—
threshold effect level, LEL—Ilowest effect level;
MET—minimal effect threshold; ERL—effect
range-low; TEL-HA28—threshold effect level for
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Fig. 4 Comparison of a Pb () ¢ P —PEL —ERM

and b Zn concentration in ——PEL-HA28 ~——ConsensusBased PEC ——TEL and ERL

river sediment with 180 - ——LEL MET ——TEL-HA28

freshwater sediment quality 160 Consensus Based TEC

guidelines: PEL :@ . * ¢
(Pb = 91.3 mg/kg; 140 ¢ ¢

Zn = 315 mg/kg); PEL- g 120 - * - 'S * *

HA28 (Pb = 82 mg/kg; = *

Zn = 540 mg/kg); ERM g 1001 .

(Pb = 110 mg/kg; 5 30 ¥

Zn = 270 mg/kg); TEL 3

(Pb = 35; Zn = 123 mg/ 3 ]

kg); ERL (Pb = 35 mg/kg; o 40 -

Zn = 120 mg/kg); LEL .

(Pb = 31 mg/kg; o *

(Zli‘b__lfzonr?g%kgg)’ MET 1 2 3 5 6 7 8§ 9 10 11 12 13 14 15
Zn = 150 mg/kg); TEL- Sampling Point (SP)

HAZ28 (Pb = 37 mg/kg; (b) o Zn TEL.HA28

Zn = 98 mg/kg); 120 -

consensus-based PEC

(Pb = 128 mg/kg; % 100 4

Zn = 459 mg/kg); E . *

consensus-based TEC g 80 - .

(Pb = 35.8 mg/kg; k= 60 .

Zn = 121 mg/kg). (Data E . * . . *
from: Long and Morgan é 40 | ¢

1991: EC & MENVIQ 1992; s ¢ ¢

Persaud et al. 1993; Smith g 204 ° ¢

et al. 1996; US EPA 1996;

MacDonald et al. 2000) AR s 6 71 8 9 10 11 12 13 14 15

Hyalella azteca in 28-day tests; and consensus-based
TEC) are unlikely to cause harmful effects, while
concentrations above the PECs (i.e., PEL—probable
effect level, SEL—severe effect level, TET—toxic
effect threshold; ERM—effect range median; PEL-
HA28—probable effect level for H. azteca in 28-day
tests; and consensus-based PEC) are most likely to
cause harmful effects. Based on the results, at none of
the sampling points was the recorded Zn concentration
above all the TEC guidelines. Only SP06 (84.83 mg/
kg) and SP09 (90.02 mg/kg) come close to the TEL-
HA28 (98 mg/kg), which is the lowest of the TECs
(Fig. 4b).

All of the sampling points had recorded Pb
concentrations higher than all of the TEC guidelines
with the exception of SPOI1, at which only 15.29 mg/
kg of Pb was recorded. Twelve of the sampling points
were found to have Pb concentrations higher than the
ERM (110 mg/kg), and six of these stations (i.e.,
SP02, SP03, SP09, SP13, SP14, and SP15) even
exceeded the consensus-based PEC (128 mg/kg)

@ Springer
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which is the highest Pb guideline value. These results
are similar to those reported by Lim et al. (2013) who
also found high Pb concentrations in the sediment of
Langat River. The high concentration could be
attributed to the anthropogenic activities occurring
along the Langat River, which constitute point source
pollution from industrial and domestic activities, and
non-point source pollution, such as surface runoff
from agriculture, roads, and urban areas.

Based on this result, it can be concluded that Pb
concentration in the area has a high probability of
causing harm to the environment. Therefore, identi-
fying the sources of Pb and preventing further
enrichment of Pb in the area should be given high
priority.

Conclusions

The accumulation of metals in the sediments of urban
rivers can have a negative impact on the environment.
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Therefore, in this study the sediment of Langat River
was analyzed to assess the current state of Pb and Zn
concentration in the area.

Based on the results obtained, the Langat River
sediment is relatively free from Zn pollution because
all the sampling points recorded concentrations below
all the guideline values (23.70-90.02 mg/kg). This is
further supported by the Iy, and Cy results, which
indicated that most of the sampling points were
practically uncontaminated and had low contamina-
tion factors for Zn. On the other hand, the concentra-
tions of Pb were found to be higher than that of Zn and
40% (i.e., six sampling points) of the sampling points
had Pb concentrations exceeding the consensus-based
PEC guidelines (128 mg/kg), which is the highest
guideline limit compared in this study. This indicates
that harmful effects related to high Pb concentration
are likely to be observed at these sampling points.

This result highlights the severity of the Pb
contamination and the toxicity risk faced by the
Langat River ecosystem. Therefore, necessary correc-
tive and preventive action must be taken to avoid
further deterioration of the environment. The relevant
authorities, with the assistance of the affected com-
munities, must make a concerted effort to reduce the
pollution in the Langat River. If the condition is left
unattended, the situation may worsen and jeopardize
not only the health of the environment, but also the
humans living along the river, especially the local
populations that depend on the Langat River for their
livelihood.
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