
INTRODUCTION

Heavy metals have five times greater mass
thanthe water and therefore may produce positive
ions in solution. Several metallic elements play an
important role in living organisms in fulfilling
physiological role and also provide nutritional
requisite by activating physiological and
biochemical pathways. However, excess of the
essential trace elements such as iron and zinc can
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ABSTRACT

The concentrations of toxic metals were determined in estuary and freshwater zones from
Kuantan River basin. Water samples were collected from the surface and bottom layers of nine
sampling stations, from the downstream of the estuary towards the upstream along the mainstream
drainage channel, traversing past the city center and industries of Kuantan city. The general
physico-chemical parameters (salinity, temperature, pH and dissolved oxygen) and concentration
of total dissolved metals, Cadmium (Cd), Chromium (Cr) and Lead (Pb)were measured during dry
season (May and June 2012) and wet season (September and October 2012). Metal concentration
was determined using Inductively Coupled Plasma Mass Spectrometry (ICP-MS).Metal
concentrations ranged from 0.299 - 1.815µg/Lfor Cr, undetectable to 0.034µg/L for Cd and 4.697
– 16.017µg/L for Pb, respectively. The present measurements can be used as a baseline data for
any future monitoring and comparison of trace metals distribution in the Kuantan River.

Key words: Toxic elements, Seasonal variation, Kuantan River, Malaysia.

lead to toxicity symptoms and even death (Naja
and Volesky, 2009).It is also noted that some
physicochemical parameters such as pH, hardness,
alkalinity and organic material load can contributed
to the toxicity of heavy metals in aquatic habitat
(Govindasamy and Azariah, 1999; Kamaruzzaman
et al., 2007; Ong and Kamaruzzaman, 2009).  The
quality of adjacent water environment affected by
virtually anthropogenic activities since nearly 80%
of ocean pollution enters from the land through the
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river (Mahesh Kumar and Prabhahar, 2012; Anieset
al., 2011). Gradually, surface water or ground water
nearby will accumulate pesticides and fertilizers
formerly used by farmers while lakes, rivers and
seas were contaminated as the chimneys released
the toxic chemicals and toxic substances to the
atmosphere that turn into rain causing the water
pollution.

In Malaysia, the number of polluted river is
increasing and the condition is worsening rapidly
in recent years. In 2008, out of 186 rivers, about 17
riverswere labelled as toxic and unsafe for human
(TengkuYahya, 2008). It is important to carries out
an environmental pollution monitoring study tofocus
on concentration, distribution and mobility of
potentially toxic elements in a tropical environment
where the health of flora and fauna may be at risk,
at strategic point in natural water bodies, as well as
in commercial and industrial locations. There is little
or no attention has been paid to the potentially toxic
elemental background concentrations of the tropical
watersheds in Asia, especially Malaysia compared
to the research in watersheds of temperate
zones(Sultan et al., 2011).Since Kuantan River
basin flows through the city centers, trace metal
concentrations in the river waters account for
potential concerns of pollution. Research on
dissolved metals in river water is scarce due to their
trace-level existence and the need for special
precautions from sample collection to the analysis
process (Hunter and Boyd, 1997). In addition, a
better knowledge of trace-metal concentrations in
Kuantan River is needed in order to determine the
effects and deviations occur during the pre-
monsoon and post-monsoon shift.The present study
will be crucial for any future monitoring of the
distribution of dissolved trace metals in Kuantan
River.

MATERIALS AND METHODS

Sampling Sites
Kuantan River Basin is located adjacent

to the Tanjung Lumpur mangrove in Kuantan District,
Pahang, Malaysia. The basin covers an area of 1,586
km2 and is approximately 80 km long. Kuantan River
flows through two mukims of Ulu Kuantan and Kuala
Kuantan and flowing out to the South China Sea.
Surface and bottom water samples were collected

from 9 locations (Figure 1) in Kuantan River during
the dry season (May 2012 and June 2012) andwet
season (September 2012 and October 2012). Water
samples were collected using Van-Dorn Water
Sampler and were stored in acid-washed
polyethylene bottles (1L). Samples were acidified
using concentrated HNO3 to preserve the sample
and stored in ice during the transportation to the
laboratory (APHA, 1998). Concurrently, pysico-
chemicalparemeters of the ambient water were
measured using YSI Hydrolab multisensory probe.

Analytical Methods for Toxic Metals
All glassware and plastic materials such

as plastic bags and polyethylene bottles that were
used in the laboratory and during the sampling were
thoroughly acid-cleaned with 10% nitric acid (HNO3)
to avoid contaminations,following internationally
recommended protocols (APHA, 1998).Water
samples were filtered immediately through dry pre-
weighted Nylon millipore filters (0.45 µm pore size)
to separate between dissolved and suspended
particulate matter (SPM) fractions using a low-
pressure vacuum pump (Beltrameet al., 2008). The
extraction of dissolved metals from filtered water
samples were performed by chelation with Chelex-
100 in a laminar flow hood. Then, with an aid of
peristaltic pump, filtered water were passed through
the teflon tubing with Chelex-100.The Chelex-100
column was washed with ammonium acetate in
order to obtain an almost matrix-free solution.The
recovery test was also conducted through the spiking
method analysis and the percentage of recovery
ranged from 95% to 105%. The toxic elements in
the water samples were detected using Inductively
Coupled Plasma Mass Spectrometry (ICP-MS).

Analysis of variance (ANOVA) test was
performed to determine the significant variation
between metal concentration during pre and post
monsoon period. Pearson correlation analysis was
used to determine the significant influence of water
quality parameters on the metal concentration in
water samples. Data were expressed in Mean±SD.
All statistical tests were performed using SPSS 21v.

RESULTS AND DISCUSSION

Gradual decrease in salinity was observed
from downstream of the estuary to the upstream
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with the range of 3.70 to 35.89 ppt. Higher salinity
was recorded during the dry season.pH of the river
water ranged from 6.81 to 8.97. Water temperature
varied between 27.49and30.78 °C, with the
lowesttemperature measured during dry season.
DO concentrations varied between 4.65 and 7.67
mg/L. It was also interesting to observe that the pH
influenced other parameters such as electrical
conductivity and salinity (excluding DO). The
electrical conductivity and salinity increase with an
increasing pH value, while the DO values
decreased.

Summary statistic of concentrations of Cd,
Cr and Pb during the dry season (May-June 2012)
and wet season (September-October 2012) at the
surface and bottom water samples of Kuantan River
basin is depicted in Table 1. In general, the toxic
metal concentrations in waters were found to be
increased in the sequence of Pb>Cr>Cd.
Throughout the period of study, the highest
concentration of Cd were recorded in the wet
season whereas the lowest concentration of Cd
was found in dry season (Figure 2). Meanwhile, Cr
and Pb showed an opposite pattern and were
higher in the dry season and lower in the wet season.

Table 1: Summary statistic of element concentration and water quality parameters
at the surface and bottom layer of Kuantan River basin during sampling period

Month Element Surface  Bottom

Average SD Min Max  Average SD Min Max

May Cd (µg/L) 0.006 0.005 0.000 0.013 0.013 0.006 0.004 0.019
Cr (µg/L) 1.399 0.321 1.040 1.815 1.405 0.280 1.045 1.695
Pb (µg/L) 11.294 1.699 7.771 13.224 14.175 1.582 11.681 16.017
pH 7.04 0.24 6.69 7.38 7.02 0.23 6.66 7.39
Salinity (ppt) 25.01 11.17 6.07 34.30 27.67 9.84 10.33 33.46
DO (mg/L) 5.79 0.49 5.12 6.41 6.02 0.41 5.53 6.61
Temperature (°C) 30.15 0.40 29.85 30.78 30.04 0.38 29.77 30.70

June Cd (µg/L) 0.006 0.005 0.000 0.012 0.009 0.006 0.002 0.015
Cr (µg/L) 1.285 0.227 1.012 1.636 1.294 0.228 1.036 1.588
Pb (µg/L) 8.383 1.249 6.181 9.904 12.270 1.531 9.776 14.784
pH 8.12 0.36 7.64 8.71 8.41 0.43 7.78 8.97
Salinity (ppt) 28.58 8.54 14.64 34.77 31.05 5.82 26.44 34.76
DO (mg/L) 5.28 0.46 4.65 5.95 5.42 0.36 4.89 5.70
Temperature (°C) 30.09 0.12 29.89 30.24 30.03 0.09 29.85 30.13

Sep. Cd (µg/L) 0.020 0.002 0.017 0.023 0.031 0.002 0.029 0.034
Cr (µg/L) 0.481 0.140 0.299 0.691 0.789 0.214 0.483 1.084
Pb (µg/L) 7.963 1.604 5.009 9.988 11.719 2.186 8.236 14.914
pH 7.13 0.29 6.73 7.52 7.08 0.28 6.66 7.51
Salinity (ppt) 18.72 12.24 3.70 33.96 25.99 8.18 10.42 33.95
DO (mg/L) 6.07 0.72 5.15 6.98 6.10 0.85 4.75 6.90
Temperature (°C) 29.31 0.85 28.04 30.30 29.19 0.92 27.82 30.30

Oct. Cd (µg/L) 0.019 0.002 0.016 0.022 0.029 0.002 0.027 0.032
Cr (µg/L) 0.857 0.173 0.619 1.107 1.007 0.248 0.641 1.281
Pb (µg/L) 6.808 1.713 4.697 9.245 10.139 1.755 7.707 12.267
pH 6.85 0.31 6.36 7.43 6.81 0.30 6.55 7.42
Salinity (ppt) 19.98 11.21 7.39 35.89 20.17 10.12 7.52 33.57
DO (mg/L) 7.07 0.77 6.47 7.64 6.99 0.55 6.24 7.67
Temperature (°C) 28.97 0.95 27.49 30.05  28.82 0.98 27.66 30.03



482 FAUDZI et al., Orient. J. Chem.,  Vol. 30(2), 479-484 (2014)

Fig. 1: Location of sampling sitesin Kuantan River

Cd
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Pb

Fig. 2: Comparison of Cd, Cr and Pb concentrations at the
surface and bottom waters of Kuantan River, Pahang
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Overall, metals concentration was lower
at the surface layer and higher at the bottom layer
(Table 1). Highest mean concentration of Cd was
recorded in September 2012 with 0.020 ± 0.002
µg/L and 0.031 ± 0.002 µg/L at the surface and
bottom layers, respectively. Whereas the lowest
mean concentration of Cd was found both in May
and June 2012 at the surface layer with the value of
0.006 ± 0.005 µg/L and 0.009 ± 0.006 µg/L (in June
2012) bottom waters. No water sample measured
Cd concentrations exceeding the INWQS Class II
benchmark of 10 µg/L. Concentration Cdmeasured
in this study is lowerthan the value observed in
Yamuna River (4.2 µg/L – 17.3 µg/L ) in the wet
season (Ali and Jain, 2001).

At the surface waters, the highest mean
concentration of Cr was in May 2012 with value of
1.399 ± 0.321 µg/L, while the lowest mean
concentration of Cr was in September 2012 with
the value of 0.481 ± 0.140 µg/L. Similarly, at the
bottom waters, the highest mean concentration was
found in May 2012 with the value of1.405 ± 0.280
µg/L, while the lowest mean concentration of Cr
was found in September 2012 with the value of
0.789 ± 0.214 µg/L.

Pb recorded the highest mean
concentration in May 2012 with value of 11.294 ±
1.699 µg/L and 14.175 ± 1.582 µg/L at the surface
and bottom layer, respectively. Whereas the lowest
mean concentration of Pb was recorded in October
2012 with 6.808 ± 1.713µg/L at the surface and
10.139 ± 1.755 µg/L at bottom layer. The highest
concentration of Pb was found at Station 9 with
13.224 µg/L and 16.003 µg/L at surface and bottom
layer of May 2012, respectively. No water sample
registered Pb concentrations exceeding the INWQS
Class II (DOE, 2010) value of 50 µg/L. Rajan, et al.
(2012) reported a higher average with 100 µg/L of
Pb concentration in Tembeling River and also found
the Pb concentrations was higher in the dry season.

Jain (2001) suggested that higher contents
of metal ions may be due to flushing out of the
effluent discharge from various industrial units
through surface runoff after the monsoon season.
Meanwhile, dissolved Cr and Pb exhibited lower
concentration in the wet season particularly in
October 2012 may due to dilution after the

precipitation events.The temporal patterns of Cr and
Pb wassimilar with both concentration were
consistently increased with the distance from
downstream of the estuary to the upstream along
the flow path. (Figure 1).

It was noted that with the increase in
salinity, the concentrations of Cr and Pb decreased
from upstream towards the downstream. The
decrease in the metal concentrations with salinity
shows contribution from fresh water sources and
physical mixing is one of the important factor to
regulate the dissolve concentrations (Rahman et
al., 2012). Moreover, during the low water volume
periods (i.e. less turbulence state of the water body),
dissolved metals tend to bound to sediments.
Sediments are re-suspended when water
turbulence increases and metals will dissolved in
the water again (Rajanet al., 2012).

Dissolved Cd showed a multifold
increasing and higher concentrations in the wet
season. Meanwhile, in the dry season, Cd trends
were gradually increased during the high tide whilst
marginally increased during the low tide, parallel to
the decreasing salinity. Cd concentrations did not
show a systematic change with the flow path from
the upstream to the downstream river mouth during
the dry season, revealing heterogeneity in sources
and/or hydro chemical behavior. Sultan et al (2011)
explained this as a result of reducing alkaline
conditions (i.e. low Eh-high pH) in the river favoring
the dissolution of Cd, but mildly acidic river water
under oxidizing conditions favoring precipitation /
adsorption of Cd possibly onto secondary oxides of
Fe, Al and Mn (Jain, 2011).

The concentration of metals in dissolved
phase may increase due to the competition
between chlorine ion and metals ion to bind on the
suspended particulate surface. Hence, Cd bound
to suspended matter is desorbed when river water
mixes with the seawater due to the formation of Cd
- chlorocomplexes and desorption higher in waters
with high salinity (Sultan et al., 2011). Apart from
natural weathering process, Cd probably may cause
leaching from Ni-Cd based batteries (Hutton et al.,
1987), leaching from landfill or soil, wash off process
from roof surface and discharge from metal and
fertilizer industries (WHO, 2006).
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ANOVA test showed significant variation
in metal concentration in waters between pre and
post monsoon (P<0.001) exceptPb (seasonally) and
As (spatially). Result of Pearson correlation show
more elements were strongly correlated during pre-
monsoon months than post-monsoon months.

CONCLUSION

The concentrations of the evaluated heavy
metals were within the guideline levels for
freshwaters, and did not appear to have significant
negative impact on the water quality. Regular
monitoring programs must be conducted to obtain
reliable water quality data in the hydrochemistry of
rivers for spatial and temporal variations. Therefore,
in order to keep river water safe from pollution, it

takes ample of time to establish the records and
knowledge of the pollution processes and
predispositions. Further investigation is crucial for
implementing effective rules to protect the Kuantan
River which is noted to be one of the busiest water
body in Malaysia.
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