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Abstract: Total mercury (T-Hg) concentration was determined to obtain an overall classification of
mercury contamination in 21 stations in Klang River. T-Hg concentrations were ranged from 0.02 to
0.45 μg g-1 dry weight surface sediments. Enrichment factor (EF), and sediment quality guidelines of
threshold effect level (TEL) and probable effect level (PEL) were applied to calculate the degrees of
sediment contamination. The mercury EF showed the significant role of the anthropogenic inputs in
sediments of Klang River. The result also determined that none of T-Hg concentrations in the
sediments were as high as the PEL value, whereas mercury concentrations in some stations exceeded
the TEL value. 
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INTRODUCTION

Sediment as a part of the aquatic ecosystem that can provide a record of depositional history and is
considered a sink for mercury released into an environment because of the much longer lifetime of mercury
in sediment (Tomiyasu, 2000). Since, Hg is most toxic element in human health, and can accumulate in the
sediment. Therefore, appropriate studies of Hg in sediment in known contaminated areas are necessary.

As mercury (Hg) is a hazardous and volatile element, its contamination in the aquatic environment has
become a main issue of global concern. Mercury is, in low concentrations, a natural constituent of the earth
crust and it does not have any role in the human body (Oppong, 2010).

Mercury is discharged to the aquatic environment from natural, anthropogenic and re-emitted sources. The
important sources of mercury contamination in aquatic systems are summarized in eight categories: (1)
atmospheric deposition, (2) erosion sources, (3) urban discharges, (4) agricultural sources, (5) mining
discharges, (6) combustion/industrial discharges, (7) volcanic emissions, and (8) forest fires (Wang, 2004). 

 Mercury can be associated with textural characteristic, organic matter present in the thin fraction of the
sediments, or adsorbed on Fe/Mn hydrous oxides, or precipitated as hydroxides, sulphides and carbonates
(Agah, 2009). 

Toxicology studies revealed that mercury is a highly neurotoxins and readily transferred to the human fetus
and fetal brain (Hajeb, 2009). In aquatic systems, bioaccumulation via food chain may cause high levels of
mercury contamination in fish and marine products (Wang, 2004). The hazardous effects of mercury poisoning
catastrophe in Minamata, Japan, and Iraq in the last century have brought alarming levels of risk to the aquatic
systems and human beings. These two events of mercury poisons provide a great concentration on Hg studies
in the world

Tropical mercury (Hg) biogeochemistry in freshwater ecosystems is still a little studied topic. In Malaysia,
studies on Hg have been reported in algal species, human hair, water, sediments and fishes in different coastal
area (Hajeb, 2009; Hajeb, 2010; Hajeb, 2010; Hajeb, 2008). But, to date, there is still no baseline information
on the Hg in freshwater and the Klang River neither in water nor sediments. Therefore, the results in this
investigation would be of great importance in this area.

This study was undertaken with the following objectives: (1) to evaluate levels of total mercury in surface
sediments in order to provide preliminary baseline data for control of pollution in the Klang River; (2) to
indentify relationship between total mercury, methyl mercury and organic carbon in these surface sediments;
(3) to compare mercury levels in the Klang River surface sediments with literature values and Sediment quality
guidelines (SQGs).

MATERIALS AND METHODS
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Study Area:
Klang River is located in the west of Peninsular Malaysia between latitudes 2<55/ N - 3<25/ N and

longitudes 101< 15/ E - 101< 55/ E (Figure 1). The Klang River is situated in the most urbanized and heavily
populated area of more than 4.4 million people or equivalent to 16% of the national population. The Klang
river system flows through the most industrialized area of the Selangor state and drains directly into the Straits
of Malacca which is considered as one of the busiest international shipping lanes in the world. The land use
in the basin is diverse, ranging from tropical forests in the headwater region to urban and the other related
activities such as towns, housing and industrial estate, infrastructures in the upper, middle and lower parts of
the basin (Balamurugan, 1991). The sources of heavy metal inputs into Klang River are urbanization,
manufacturing industries and agro-based industries (Balamurugan, 1991).

Fig. 1: Study area and Geographical location of 21 stations in Klang River.

Sampling and Analytical Methodologies:
A total of 63 surface sediment (0-5 cm) samples were randomly collected at 21 sites along Klang River

(Figure 1). The location, designation, longitudes and latitudes of sampling stations were enumerated in Table
1. The surface sediments of each sample were placed in polyethylene plastic bag, labeled, kept in an ice box
and transported to laboratory. Upon arrival to the laboratory, samples were further preserved at -10<C freezer
for future analysis. Samples for assessment were dried at 95<C for 48 h, sieved through 63µm mesh size, and
kept in an acid-washed container for future use.

Total mercury (T-Hg) was analyzed by heat vaporization method.  It was conducted by using Direct
Mercury Analyser (MA-1S). The instrument calibration and analytical method were validated according to the
USEPA protocol (EPA method 7473) (USEPA., 1998). Measurements were carried out on 0.1 to 0.2 g of dried
surface sediment.

For Fe analyses, about 0.5 to 1g dried sediments were digested in 10 ml solution of mixtured HNO3

(AnalaR grade, R&M 65%) and HClO4 (AnalaR grade, R&M 70%) in the ratio of 4:1 (v/v), into a pre-heated
block digester at low temperature (40<C) for 1 h and then to gradually increasing temperature until reaching
140<C, digesting for another 3 h (Ismail, 1993). The digested samples were then diluted to 40 ml with double-
distilled water (DDW) and filtered through Whatman No.1 filter paper into pre-cleaned 50 ml volumetric flasks.
The samples were measured for Fe concentration using an air-acetylene flame Atomic Absorption
Spectrophotometer (Perkin-Elmer Model AAnalyst 800).
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Table 1: The locations of the sampling sites, total mercury (THg), Fe concentrations (μg g-1, Fe %, dry weight) and total organic carbon
contents (TOC%) in the surface sediments along the Klang River.

Station no. Designation Sites Latitude (N) Longitude(E)
1 Semi-urban Beringin 3°13  01¢ 101°40  54¢
2 Urban Gombak Jaya 3°11  20¢ 101°42  03¢
3 Urban Ulu  Klang 3°10  04¢ 101°41  35¢
4 Urban PWTC 3° 09  48¢ 101°45  03¢
5 Urban Mesjid Jamek 3° 08  49¢ 101°41  42¢
6 Urban Seputeh 3° 08  49¢ 101°40  31¢
7 Urban Sri Sentosa 3° 06  48¢ 101°39  41¢
8 Semi-urban Puchong Jaya 3° 04  37¢ 101°36  53¢
9 Industrial Penaga Industrial park 3° 03  27¢ 101°36  24¢
10 Rural Puchong Tengah 3° 02  44¢ 101°35  49¢
11 Industrial Kampung  Seri Aman 3° 01  05¢ 101°34  47¢
12 Industrial Kota Permai 2° 58  54¢ 101°33  03¢
13 Industrial Alam Inda 2° 59  29¢ 101°32  48¢
14 Industrial Kampung Baru Hicom 3° 00  48¢ 101°32  59¢
15 Urban Seksyen 24 3° 01  49¢ 101°30  42¢
16 Urban+ Industrial Kampung Seri Kenangan 3° 02  29¢ 101°28  20¢
17 Urban Klang  Town 3° 02  43¢ 101°26  49¢
18 Semi-urban Sangai Udam 3° 03  11¢ 101°25  31¢
19 Fishing village+ Urban area Sungai Sirih 3° 02  23¢ 101°23  36¢
20 Fishing village +Urban area Bandar SultanSulaiman 3° 01  07¢ 101°22  28¢
21 Near Port Bagan Hailam 3° 00  13¢ 101°23  19¢

Sediment samples were dried at 60<C overnight and then 1-1.5 g of the samples were mixed with1-2 ml
of HCl 1M to eliminate inorganic carbons and dried about 10 h at 100-105<C to remove the HCl. The TOC%
was analyzed using carbon analyzer (LECO CR-412) (Nelson, 1996). 

Quality control:
To prevent uncertain contaminations, all laboratory equipments used were washed with phosphate-free soap,

double rinsed with distilled water and left in 10% HNO3 for 24 hr and were then rinsed two times with double
distilled water and left semi-closed to dry at room temperature. Certified Reference Material (CRM) was
determined as a precision check. Percentage of recoveries for certified and measured concentration of T-Hg
and Fe tabulated in table 2. The agreement between the analytical result for the reference materials and its
certified values for each metal was satisfactory. Calibration curves were prepared by making two appropriate
dilutions in stock water solution (1000mgL-1) Hg+ in 2% HNO3 and (1000 mgL-1) Fe (BDH Spectrosol®). And
also, a blank calibration solution was used for a zero calibration. The reagent and procedural blanks were
monitored after five samples during the analysis as part of the quality accuracy program. The solutions were
prepared using Milli-Q water. The detection limit was 0.4 ng g-1 for Hg and 0.007 mg/L for Fe.

Table 2: Total mercury (ng g-1 dry weight) and Fe (μg g-1 dry weight)  in certified reference materials (CRM). (Mean± standard
deviations; n=5)

CRM Total Hg (ng g-1 dry weight) Experimental Fe (μg g-1 dry weight) Experimental
Certified value Certified value

IAEA 405 810.00±40 745.20±13.83 - -
IAEA, Soil-5 - - (4.45±0.19)×104 (3.80±0.86)×104

Statistical analysis:
Statistical analysis of the data was computed using Statistical Package for Social Science (SPSS) version

16. A Kolmogorov-Smirnov test was performed to analyze the normality of the data distribution. Pearson’s
correlation was applied to determine correlation matrix between T-Hg and TOC in surface sediments of Klang
River. The graph was performed with Microsoft Excel for Windows. 

RESULTS AND DISCUSSION

Mercury Distribution in the Sediments:
Total mercury (T-Hg) concentrations (µg g-1, d.w.) in the surface sediments from 21 stations varied from

0.02 to 0.45 (µg g-1, d.w.) (Table 3). More elevated levels of Hg were found in those stations along the
vicinity of highly populated centers (e.g., Klang Valley and Kuala Lumpur) and industrial parks (e.g., Shah
Alam industrial area). Conversely, Hg concentrations were lowest in those stations with low human activities.
Mean concentrations of T-Hg in the study area was higher than the average crust abundance (T-Hg = 0.08 (µg
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g-1, d.w.), Taylor, 1964). It, therefore, indicated Hg contamination over time due to the urbanization and
industrial area development. The overall results of T-Hg determined that 9.5% of the Hg concentrations in the
surface sediments were less than 0.1 (µg g-1, d.w.). Over 81% were between 0.1 and 0.21 (µg g-1, d.w.). About
5% were more than 0.4 (µg g-1, d.w.). 

Table 3: Total mercury (T-Hg), Fe concentrations (μg g-1, Fe %, dry weight) and total organic carbon contents (TOC%) in the surface
sediments along the Klang River.

Station no. T-Hg (μg g-1 d.w.) Fe % TOC %
1 0.02 1.62 0.19
2 0.16 1.71 0.58
3 0.41 2.13 0.43
4 0.09 1.91 0.22
5 0.45 1.64 0.32
6 0.12 2.30 0.37
7 0.19 2.63 1.25
8 0.17 2.50 0.76
9 0.16 2.00 2.31
10 0.13 1.52 1.91
11 0.18 1.80 3.40
12 0.14 1.87 1.83
13 0.16 2.14 2.11
14 0.14 1.83 1.78
15 0.17 1.75 1.34
16 0.19 2.21 2.26
17 0.21 1.95 2.57
18 0.19 2.40 1.83
19 0.19 2.62 2.41
20 0.10 1.78 4.50
21 0.07 1.88 1.45

Enrichment factor (EF) method:
Enrichment factor (EF) is a good tool to differentiate the source of metal between anthropogenic and

naturally occurring in sediments. Enrichment factor is usually distinguished by aluminum (Al) and iron (Fe).
In the present study, we used Fe to compute EF because it is the fourth major element in the earth’s crust and
most often has no contamination concern. In addition, the main advantages of using Fe as a normalizer are:
(1) Fe is associated with fine solid surface; (2) its geochemistry is close to that of many trace metals; and (3)
its natural sediment concentration tends to be uniform (Daskalakis, 1995; Naji, 2011) . The Enrichment Factor
(EF) for Fe-normalised data is defined as following equation:

EF      =    

Fe
Hg

( / )

( / )
sample

Background

Hg Fe

Hg Fe

Where (Hg/Fe) sample is the Hg to Fe ratio in the samples of interest; (Hg/Fe) Background is the natural
background value of Hg to Fe ratio.

In this study, the average crust abundance (Taylor, 1964) was used as a background value for mercury
because we do not have Hg and Fe background values for our study area. The undisturbed sediment values
utilized were (Taylor, 1964) in (µg g-1, d.w.): 0.08 for Hg and 56300 for Fe. The evaluation criteria for using
EF are as follows: (i) if 0.5 # EF # 1.5, then it is suggested that metal could be entirely from natural
weathering processes, and (ii) if EF > 1.5, then it is suggested that a significant portion of metals is derived
from non-crustal materials, or non-natural weathering processes or that they are from anthropogenic sources
(Wang, 2007).

The result from the present investigation showed that EF of Hg ranged from 0.84 to 19.18 (Figure 2). The
mercury EF in the surface sediments of Klang River was more than 1.5, except for Station1, which showed
the significant role of the anthropogenic sources in surface sediments of Klang River. The lowest EF values
that were found in station 1 which probably originated from natural weathering process. Overall, EF of Hg
was higher in urban-affected (mostly from domestic sources) area than the industry-affected area.

The Role of TOC in Mercury Preservation:
Organic matter content is one of the controlling factors in the abundance of Hg and metals in sediment.

The concentration of total organic carbon (TOC) in the sediment ranged from 0.19 to 4.5% (Table 3). The



Aust. J. Basic & Appl. Sci., 5(7): 215-212, 2011

219

correlation between concentration of Hg and TOC in surface sediment of the Klang River showed that there
was no correlation between Hg (r= -0.18; P>0.05) and TOC even though Hg availability is influenced by
organic matter content (Figure 3). Some characteristics of the sediment such as pH, salinity, redox reactions
and temperature which control the solubility and mobility of Hg are also important. Likewise, the number and
intensity of binding sites are variable among types of organic matter (Luoma, 2008).  

Fig. 2: Enrichment factor (EF) in surface sediments of Klang River.

Fig. 3: Correlation between concentration of T-Hg and TOC in surface sediment of Klang River.

Comparison with Literature Data and Standard Quality Guidelines (SQGs):
The total concentration of Hg in the present investigation was compared with literature values from other

geographical sites (Table 4). Our results were significantly lower compared to other areas located in large
industrialized and densely populated regions such as the Pra River (Oppong, 2010), Deule River (Mikac, 2004)
and Fox River (Hurley, 1998a). Whereas, Hg concentrations in the surface sediments of the Klang River were
higher than those area with low anthropogenic discharge such as Lake Balaton (Nguyen, 2005) and Lake
Baikal (Leermakers, 1996). In general, Hg concentration in the surface sediment of the Klang River was within
the range of reported values in the literature.

In order to estimate adverse biological effects in contaminated sediments, numerous sediment quality
guidelines (SQGs) have been developed over the past decade (MacDonald, 2000). In this investigation, we
compared our total concentration with SQG of threshold effect level (TEL), which includes threshold effect
concentrations (TEC; below which adverse effects are not expected to occur), and probable effect  level (PET),
which includes probable effect concentrations (PEC; above which adverse effect are expected to occur more
often than not) as described by MacDonald et al. (2000) to assess the possible biological consequences of the
T-Hg concentration in the surface sediments of Klang Rive (Table 4). The result of this study showed that T-
Hg concentration of surface sediments in almost all the stations were below the TEL value of 0.17 µg/g. Only
Station 3 (0.41 μg g-1 d.w.), Station 5 (0.45 μg g-1d.w.) and Station 17 (0.21 μg g-1d.w.) exceeded the Hg TEL.
None of T-Hg concentrations in the sediments were as high as PEL value 0.486µg/g. In general, 62% of Hg
concentration was lower than TEL value and 38% was within TEL and PEL values (Figure 4).  
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The eco-toxicological effects of Hg are strongly dependent on its chemical forms. The most important
chemical species is Me-Hg. Since transformation processes of MeHg in the aquatic systems are influenced by
some physical and chemical characteristics such as low pH, anoxic conditions, high organic matter content.
Moreover, according to (Pak, 1998), levels of MeHg in freshwaters depend on a specific synergic effect
between sulphate-reducing and methanogenics bacteria. Therefore, the high levels of T-Hg found in a few
station can potentially pose a risk to the Klang River.

Table 4: Comparison of total mercury(THg) concentrations (μg g-1  dry weight) in the Klang River sediments with other parts and
sediment quality guidelines (SQGs). 

Location T-Hg(µg g-1, d.w.) Reference
This study 0.02-0.45 This study
Pra River: Ghana 0.390-0.707 (Oppong, 2010)
Deule River: France 3-171 (Mikac, 2004)
Fox River: Wisconsin: U.S.A 0.97 (Hurley, 1998a)
Lake Balaton: Hungary 0.009-0.160 (Nguyen, 2005)
Lake Baikal: Siberia 0.005-0.072 (Leermakers, 1996)
aThreshold effect concentration  **(FW) TEL 0.174
aProbable effect concentration  **(FW)  PEL 0.486
 a MacDonald et al., (2000).   FW means fresh water.
TET  Threshold effect level, PEL  Probable effect  level.

Fig. 4: Comparison of total mercury (T-Hg) concentrations (μg g-1 d. w.) in the Klang River sediments with
sediment quality guidelines (SQGs).
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