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Abstract  The water quality of the Balok River is believed has been deteriorated by anthropogenic impact as a result of the 
industrial activities in Gebeng Industrial area. This study was conducted to assess the pollution level of the river based on the 
metal concentrations deposited in the surface river sediment and aslo to evaluate the harm of the studied metals to the water 
body. The samples of surface river sediment were collected at ten sampling stations that evenly distributed along the river. 
The sampling technique and sample treatment were done based on the standard procedures as generally applied by other 
researchers. The total content of Cd, Cr, Cu, Mn, Ni, Pb, and Zn were analyzed by using ICP-OES after an acid extraction 
with microwave digester. Their mean concentrations (mg/kg) of the respective studied elements are 0.5, 41.9, 24.2, 155.7, 
17.3 30.3 and 152.1. Four pollution indices were used to assess the quality of the river including the contamination factor 
(CF), enrichment factor (EF), pollution load index (PLI) and potential ecological risk index method (PERI). The enrichment 
level of the studied metals were found in decreasing order as Pb > Zn > Ni > Cr > Cd > Mn > Cu. The potential ecological risk 
indices of the metals to the water body of the river were observed as Cd > Pb > Cu > Cr > Zn. The results of the pollution 
indexes confirmed that the surface sediment of the river was moderately polluted with the studied metals and Cd is the only 
metal that potentially to pose the ecological risk to the water body of the studied river. 
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1. Introduction 
Heavy metals existed in the environment through natural 

process and human activities. The variation of natural 
sources such as acidification, erosion and weathering process 
are common ways of heavy metals brought into the 
environment [1]. Human activities such as industrial 
processes, domestic wastes, agricultural activities and 
emissions from vehicles and factory plants are the main 
sources of some heavy metals enters and deposited into the 
environment [2]. These activities continuously accumulated 
and increased the metal particles in the various 
environmental systems. All of these anthropogenic sources 
contribute the negative impact to the surroundings. Sediment 
plays a major role in determining the pollution pattern of 
marine ecosystem [3]. It can act as both the carriers and sinks 
for contaminants that bring out the information of the history 
of pollution of the river and also contribute a record of 
catchment inputs into the aquatic ecosystem [4]. Any 
information regarding the impact of human activities and 
natural processes can be identified by analyzing the 
sediments [5]. 
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Gebeng area in Pahang Malaysia, is surrounded by a large 
number of industries that actively operated in various types 
of manufacturing process such as metal work factories, steel 
industries, petrochemicals, chemicals, palm oil mills, 
polymer, energy, oil and gas industries, coal mining, 
concrete industries, concrete ducting, pipe coating facility, 
wood processing, detergent and air product. The industrial 
activities most probably, directly or indirectly, could 
introduce some contaminants into the adjacent river. A 
recent study done by Sobahan et al. [6] confirmed that the 
river surface water has been polluted with some metals 
including Pb, Co, Cu, Cd and As at a certain levels. Another 
research done by Hossain et al. [7] and Kodori [8] reported 
that the present of several heavy metals such as Cr, Cd, Ni, 
Zn and Hg in the surface river water can be related directly to 
the wastewater discharged by the industries that scattered in 
Gebeng area. Inappropriate disposal of the industrial wastes 
and effluents will reduce the surface water quality and will 
greatly influence the problem of water resources quality. 
Heavy metals are known for its hazards that could cause fatal 
to human health and environment. The toxicity of Zn, Cu and 
Cd could cause the alteration in human central nervous 
system and respiratory system [9]. These metals also have 
the ability to cause disruptions in endocrine system. The 
utmost fatal heavy metals are arsenic, mercury, copper, lead 
and cadmium [10]. These metals are hazardous to human 
health even in very low concentrations due to its high in 

 



2 Mohd Zahari Abdullah et al.:  Metal Pollution and Ecological Risk   
Assessment of Balok River Sediment, Pahang Malaysia 

toxicity and non-degradable properties. There are several 
human diseases such as development retardation or 
malformation, kidney damage, cancer and abortion has been 
linked with the exposure to heavy metals. In some cases, 
exposure to very high concentration of heavy metal caused 
death [11]. Despite the existence of this river is considered 
very important for the local residents but the data related to 
ecological risk index for the river is still lacking and get less 
attention from the local authorities local researchers. Hence, 
this study was conducted to evaluate the quality of the river 
based on contamination factor, enrichment factor and 
pollution load index of the selected heavy metals and to 
assess the potential ecological risk indices of the river. 

2. Methodology 
2.1. Sampling Area 

The sediment samples were collected at ten sampling 
stations along the Balok River which located close to the 
Gebeng industrial site and commercial beach area in 
Kuantan, eastern part of the Peninsular Malaysia. Figure 1 
shows the arrangement of the sampling stations along the 
Balok River. The river flows pass through the wide industrial 
facilities which include steel industries, palm oil mills and 
pipe coating and others. The Global positioning System 
(GPS) was used to ensure the points are coincided with 
coordinate marked for of each sampling point.  

 

Figure 1.  The figure shows the ten selected sampling stations and its 
particular coordinates along the Balok River stream (Source: Google Map) 

2.2. Sample Collection 

The Ponar Type grad sampler was used to collect river 
sediment at 20 cm deep. The sediment samples were then 
kept in a cleaned polyvinyl plastic container to avoid any 
contamination and transported to the laboratory for further 
treatment and analysis. Ten samples were collected along 5 
km distance of the river stream and 500 m away between the 
two consecutive sampling points. Sediment samples were 
also collected at Janda Baik in Bentong Pahang to be a 
control sample. 

2.3. Sample Treatment 

All samples were air dried for fourteen days and were then 
oven dried at 100°C for 24 hours before being grounded into 
fine particles using pastel and mortar and were sieved for 2 
mm mesh [12]. A mixture of 5 ml of 65% HNO3, 15 ml of  
37% HCl and 2 ml of 35% H2O2 were used to digest 0.5 g of 
the fine samples. Milestone Ethos 1 microwave oven was 
operated at 165°C for the first 10 minutes and then raised to 
175°C for 13 minutes with the maximum power of 1200 W 
[13]. The sample blank were prepared using the same 
procedure but with the absence of the sediment samples. For 
each sample, a total of three replicates were prepared. The 
concentrations of the selected metals were measured using 
Perkin Elmer Optima 5300DV ICP-OES. For quality 
assurance and quality control, all of the glassware were 
soaked in 10% HNO3 for 24 hours and rinsed using double 
distilled water. All data were treated for contamination factor, 
enrichment factors, geo-accumulation index and Potential 
Ecological Risk Index to assess the quality of the river. 

The quality control of the analytical procedure was carried 
out by analyzing the standard reference material 
SRM-CC141. The SRM was analyzed (in triplicate) with the 
same way as treated to the actual samples. The results 
showed that all the elements could be analyzed with 80 to 
121 % recoveries which were considered as within an 
acceptable level [14]. 

2.4. Assessment of the Metal Contamination 

To evaluate the level of metal contamination of the 
sediment samples, four parameters were used including 
Enrichment Factor (EF), Contamination Factor (CF), 
pollution load index (PLI) and potential ecological risk index 
(PERI).  

2.4.1. Contamination Factor (CF) 

The parameter of CF was determined to express the level 
of metal contamination in surface sediment. The 
contaminant factor was calculated using the following 
formula: 

CF = Cmetal / Cbackground              (1) 
where CMetal is the concentration of a given metal in the 
sediment and CBackground is a metal concentration of a control 
sample. The CF value for describing the contamination 
levels is summarized in Table 1. 

Table 1.  Contamination scale based on CF value. Source: [15] 

CFs Value Scale Classification 

1 and less No contamination 

1-2 Suspected 

2-3.5 Slight 

3.5-8 Moderate 

8-27 Severe 

27 and above Extreme 
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Pollution load index for each site was evaluated using the 
procedure of Tomlinson et al. [16]:  

PLI = (CF1x CF2 x CF3 x.......CFn)1/n         (2) 
Where: n = number of metals and CF = contamination 

factor. PLI is a potent tool in heavy metal pollution 
evaluation. According to Chakravarty and Patgiri [17], the 
PLI value higher than 1 indicates the samples have be 
polluted while the PLI value less than 1 indicates no 
pollution occurred.  

2.4.2. Enrichment Factor (EF) 

The enrichment factor was calculated using the following 
equation [18]: 

   EF = [Me/Fe]sample / [Me/Fe]background        (3) 
where (Me/Fe) sample is the metal to Fe ratio in the sample 
of interest; (Me/Fe) background is the background value of 
metal to Fe ratio. Iron was chosen as the element of 
normalization because natural sources (1.5%) vastly 
dominate its input. A crucial step in evaluating the impact of 
sediment pollution is to establish a reference background or 
baseline sample of known metal composition. In this study, 
the local baseline value was established by analyzing 
comparable local sediment unaffected by anthropogenic 
activity [19]. Enrichment factor categories are listed in  
Table 2. 

Table 2.  Level of contaminant based on EF value.  

Enrichment Factor (EF) Value Contamination Degree 

< 2 Deficiency to minimal enrichment 

2 – 5 Moderate enrichment 

5 – 20 Significant enrichment 
20 – 40 Very high enrichment 

> 40 Extremely high enrichment 

2.4.3. Potential Ecological Risk Index Method (PERI) 

Potential ecological risk index method, PERI was used to 
evaluate the harm of heavy metals in the sediment samples. 
PERI was calculated by using the following formula [20]: 

𝑅𝑅𝑅𝑅 =  ∑𝐸𝐸𝑓𝑓𝑖𝑖                   (4) 

Where RI is the potential; 𝐸𝐸𝑓𝑓𝑖𝑖  
is the potential ecological 

risk index for single heavy metal pollution and can be 
calculated as: 

𝐸𝐸𝑓𝑓𝑖𝑖  = 𝐶𝐶𝑓𝑓𝑖𝑖  x 𝑇𝑇𝑓𝑓𝑖𝑖                 (5) 

𝑇𝑇𝑓𝑓𝑖𝑖  is the response coefficient for the toxicity of the single 
metal. 𝐶𝐶𝑓𝑓𝑖𝑖  is the pollution index and can was defined as  

𝐶𝐶𝑓𝑓𝑖𝑖  =  𝐶𝐶𝑠𝑠𝑖𝑖  /  𝐶𝐶𝑛𝑛𝑖𝑖                (6) 
where 𝐶𝐶𝑠𝑠𝑖𝑖  is the concentration of heavy metal in the 
sediment and 𝐶𝐶𝑛𝑛𝑖𝑖  is the reference value which is the 
concentration of heavy metal in the controlled sample.  
Table 3 shows the concentration of heavy metal in the 
controlled sample, 𝐶𝐶𝑛𝑛𝑖𝑖  and the response coefficient for the 
toxicity of single metal, 𝑇𝑇𝑓𝑓𝑖𝑖 .  

Table 3.  The reference value and toxicity coefficient of heavy metals. 
Source: [21] 

Element Cd Cr Cu Pb Zn 

𝐶𝐶𝑛𝑛𝑖𝑖  (mg/kg) 0.2 14.0 9.8 5.0 36.0 

𝑇𝑇𝑓𝑓𝑖𝑖  30.0 2.0 5.0 5.0 1.0 

Based on the calculated 𝐸𝐸𝑓𝑓𝑖𝑖  and RI, the grading standards 
of potential ecological risk of the selected heavy metals can 
be obtained. Table 4 shows the value range for the potential 
ecological risk index and the potential toxicity index along 
with the ecological risk level. 

3. Results and Discussion 
3.1. Heavy Metal Concentrations  

The total metal concentrations observed at each sampling 
site in this study are shown in Table 5. The metal contents 
were ranging over the following concentration: Cd: 0.4 – 1.0 
mg/kg; Cr: 23.4 – 59.2 mg/kg; Cu: 10.6 – 41.6 mg/kg; Mn: 
72.0 – 243.4 mg/kg; Ni: 10.2 – 28.2 mg/kg; Pb: 18.0 – 34.2 
mg/kg; Zn: 67.0 – 197.2 mg/kg dry weight. Based on the 
mean values, the metals follow the decreasing concentration 
in the order of Mn > Zn > Cr > Pb > Cu > Ni > Cd. The data 
shows that Mn and Zn are the dominant metals found in the 
surface sediment from the study area. Cr, Pb and Cu were 
measured at lower levels compared to Mn and Zn, whereas 
Ni indicates a substantial level in concentration while Cd 
gives the lowest mean concentration in the sediment 
samples. 

Table 4.   Relationship between RI, 𝐸𝐸𝑓𝑓𝑖𝑖  and pollution levels. [21] 

Range of potential ecological 

risk index , 𝐸𝐸𝑓𝑓𝑖𝑖  

Ecological risk level single-factor 

pollution 
 

Range of potential toxicity 

index (RI) 

General level of potential 

ecological risk 

< 40 Low  RI < 150 Low grade 

40 ≤  𝐸𝐸𝑓𝑓𝑖𝑖  < 80 Moderate  150 ≤ RI < 300 Moderate 

80 ≤  𝐸𝐸𝑓𝑓𝑖𝑖  < 160 Higher  300 ≤ RI <600 Sever 

160 ≤  𝐸𝐸𝑓𝑓𝑖𝑖  < 320 High  600 ≤ RI Serious 

320 ≤  𝐸𝐸𝑓𝑓𝑖𝑖  Serious    
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Table 5.  Concentration of heavy metals collected at each sampling locations 

Sampling 
Location 

Heavy metal concentration (mg/kg dry weight) 

Cd Cr Cu Mn Ni Pb Zn 

S1 0.8 33.8 10.6 72.0 12.8 18.0 67.0 

S2 0.4 46.4 26.4 102.0 15.4 18.4 139.8 
S3 0.4 59.2 27.2 184.4 22.2 31.2 197.2 
S4 0.4 54.8 28.4 115.8 18.6 22.4 186.8 

S5 0.4 44.8 24.2 144.0 16.6 23.8 176.0 
S6 1.0 33.0 23.4 154.0 28.2 27.0 86.4 
S7 0.6 49.8 23.2 185.8 18.2 26.8 184.8 

S8 0.4 45.6 26.2 243.4 18.0 34.2 172.2 
S9 0.4 28.6 11.0 184.2 12.4 18.2 140.2 
S10 0.6 23.4 41.6 171.6 10.2 70.8 170.6 

Mean 0.5 41.9 24.2 155.7 17.3 30.3 152.1 
Control 0.2 14.0 9.8 57.0 6.2 5.0 36.0 

 

3.2. Estimating Metals Pollution Impact  

3.2.1. Enrichment Factor Analysis  

The enrichment factor (EF) data has been used to evaluate 
the geochemical trends between areas in this study. The 
technique was considered among the best analytical method 
that can be used to predict the origin of the heavy metals 
which dispersed in environmental system [22]. The 
background concentrations of the studied metals were 
obtained based on the study done by Ozkan [23]. The EF 
values for the studied metals obtained in this study are listed 
in Table 6. 

The average values of EF that were observed in the present 
study were found not exceeding the level of moderately 
enriched where the EF values were below 5. In general, it 
was found that the surface sediment were deficiency 
enriched with the metals of Cd, Cr, Cu and Mn but has been 
enriched moderately with the metals of Ni, Pb and Zn. The 
findings were also shows that all of the studied metals were 
evenly deposited throughout the sampling stations except for 
metal Pb which has been recorded having the highest 
enrichment at sampling station 10, S10. The position of S10 
is adjacent to the center of fishing activities which also 
accommodated with the boats servicers and repairs. Fishing 
and its related activities have influenced for the high 
enrichment of Pb on that particular sampling station. The 
moderate enrichment of Ni, Pb and Zn along the stream can 
also be related to the domestic and industrial sewage [24]. It 
was highly expected that the existence of the studied metals 
in the study area were mostly originated from the nearby 
industrial site that was released through the effluent system 
and untreated discharges. 

3.2.2. Pollution Load Index, PLI 

The PLI represents the number of times by which the 
metal content in the sediment exceeds the background 
concentration and gives a summative indication for the 

overall levels of heavy metal toxicity in a particular sample 
[25]. As indication, the PLI value higher than 1 indicating 
polluted while lower than 1 indicating no pollution. Table 7 
summarized the PLI values observed in Balok River 
sediments. 

The values range from 2.4 to 3.7 indicating that all the 
studied metals in all stations were exceeded the background 
levels. This clearly indicates that the sediments of the Balok 
River have also been polluted by the studied metals which 
are expected were contributed directly and indirectly from 
the nearby industrial site.  

To further examine the extent of metal contamination in 
the study area and to make an initial assessment of sediment 
ecotoxicity, USEPA Sediment Quality Guidelines (SQGs) 
was used (Table 8). According to the USEPA-SQGs 
guideline, sediments in Balok River were moderately 
polluted with Cr, Cu and Zn and non-polluted with Cd, Pb 
and Ni. This suggests the effects of anthropogenic pollutants 
to the quality of the river [26].  

3.2.3. Potential Ecological Risk Index Method (PERI)  

In order to evaluate the harm of the studied heavy metals 
in the sediments to the water body, potential ecological risk 
index method (PERI) was applied. The potential ecological 
risk indices (𝐸𝐸𝑓𝑓𝑖𝑖 ) and potential toxicity response indices (RI) 
of heavy metals in the sediments along Balok River sampling 
site were listed in Table 9.  

As shown in Table 9, except for Pb at sampling station S10, 
the potential ecological risk indices of Cr, Cu, Pb and Zn 
have recorded the indices lower than 40, which indirectly 
indicated slight potential ecological risk to the water body of 
the river. The main metal that could cause the ecological risk 
to the water body of the river was Cd which has recorded the 
highest average value of 𝐸𝐸𝑓𝑓𝑖𝑖  as 87. Four stations, S1, S6, S7 
and S10 were contributed higher values of ecological risk 
indices, 𝐸𝐸𝑓𝑓𝑖𝑖  with 120, 150, 120 and 120 for the respective 
sampling stations. 
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Table 6.  Enrichment Factor value for the sediment samples in Balok River 

Element 
Sampling Station 

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 Min Max Average 

Cd 4 1 1 1 1 3 2 2 2 1 1 4 1.9 

Cr 2 2 2 2 2 1 2 3 2 1 1 3 1.9 

Cu 1 2 2 2 2 2 1 2 1 2 1 2 1.7 

Mn 1 1 2 1 2 2 2 3 2 1 1 3 1.8 

Ni 2 2 2 2 2 3 2 2 2 1 1 3 2.0 

Pb 3 3 3 3 3 3 3 5 3 6 3 6 3.7 

Zn 2 3 3 3 3 1 3 4 3 2 1 4 2.7 

EF value; < 2: Deficiency to minimal enrichment, 2-5: Moderate enrichment, 5-20: significant enrichment,                           
20-40: very high enrichment and > 40: Extremely high enrichment. 

Table 7.  Contamination factor and pollution load index, PLI values observed for the sediment sample of Balok River 

Sampling Station 
Contamination Factor (CF) 

Pollution load Index, PLI 
Cd Cr Cu Mn Ni Pb Zn 

S1 4.0 2.4 1.1 1.3 2.1 3.6 1.9 2.2 

S2 2.0 3.3 2.7 1.8 2.5 3.7 3.9 3.7 

S3 2.0 4.2 2.8 3.2 3.6 6.2 5.5 3.2 

S4 2.0 3.9 2.9 2.0 3.0 4.5 5.2 3.2 

S5 2.0 3.2 2.5 2.5 2.7 4.8 4.9 3.1 

S6 5.0 2.4 2.4 2.7 4.6 5.4 2.4 3.3 

S7 3.0 3.6 2.4 3.3 2.9 5.4 5.1 3.5 

S8 2.0 3.3 2.7 4.3 2.9 6.8 4.8 3.6 

S9 2.0 2.0 1.1 3.2 2.0 3.6 3.9 2.4 

S10 3.0 1.7 4.2 3.0 1.7 14.2 4.7 3.6 

Mean 2.8 3.0 2.5 2.7 2.9 6.3 4.1 3.3 

PLI value > 1 is polluted while PLI value < 1 indicates no pollution [17] 

Table 8.  SQG by USEPA guideline values for trace elements (mg/kg dry weight) 

 Cd Cr Cu Pb Zn Ni 

Non polluted < 6 < 25 < 25 < 40 < 90 < 25 

Moderately polluted > 6 25 – 75 25 – 50 40 - 60 90 – 200 25 - 50 

Heavily polluted  > 75 > 50 > 60 > 200 > 50 

Current study (Average) 0.5 42 24 30 152 17 

Table 9.  Potential Ecological Risk Indices and Potential Toxicity Response Indices for heavy metals 

Sampling Station 
Potential ecological risk indices for single heavy metals (𝑬𝑬𝒇𝒇𝒊𝒊 ) Potential Toxicity Response Indices for heavy 

metals (RI) Cd Cr Cu Pb Zn 

S1 120.0 4.8 5.5 18.0 1.9 150 

S2 60.0 6.6 13.5 18.5 3.9 103 
S3 60.0 8.4 14.0 31.0 5.5 119 
S4 60.0 7.8 14.5 22.5 5.2 110 

5S 60.0 6.4 5.0 24.0 4.9 103 
S6 150.0 4.8 12.0 27.0 2.4 196 
S7 120.0 7.2 12.0 27.0 5.1 171 

S8 60.0 6.6 13.5 34.0 4.8 119 
S9 60.0 4.0 5.5 18.0 3.9 91 
S10 120.0 3.4 21.0 71.0 4.7 220 

Average 87.0 6.0 11.6 29.1 4.3 138 
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The other sampling stations have posed the moderate 
ecological risk to the river water with the PERI values below 
40. The high contents of Cd in surface sediment sample 
observed in this study can be attributed to the geological 
factor, fishing activities and sewage discharge [27]. The 
studies done by Ntakirutimana et al. [28] and Zhu et al [29] 
have obtained almost the same observations. For Pb, only 
sampling station S10 was identified could pose a moderate 
ecological risk with the 𝐸𝐸𝑓𝑓𝑖𝑖  value 71 and showed slight 
potential ecological risk for the other stations. In general, the 
potential ecological risk indices were observed in the 
declining order as Cd > Pb > Cu > Cr > Zn. However, the 
results obtained in this study just reflected the accumulation 
of heavy metals in the recent years (early 1970’s) because the 
sediment samples were collected only at 20 cm in depth [30]. 
The highest the RI value with 220 was recorded at station 
S10, and the lowest was recorded in station S9 with the value 
as 91. The average RI values of the 10 sampling stations 
were 138. According to the evaluating standard, in general, 
the sediment samples of the river in this study were in low 
ecological risk level (RI ≤ 150) except for S6 and S10 which 
were in moderate potential ecological risk levels with    
150 ≤ RI < 150 (Table 4). 

4. Conclusions 
All the studied metals Cd, Cu, Cr, Pb, Zn, Ni and Mn in 

sediments from the 10 sampling stations along the Balok 
River reflected a low ecological risk to the water body except 
for cadmium, Cd which posed a moderate to higher 
ecological risk at all stations. Pb was also posed a moderate 
ecological risk to the water body at S10 which could be 
related to the fishing industry which located adjacent to S10. 
The analysis of the sediment samples collected from 10 
locations showed that the Balok River has been slightly and 
moderately contaminated by the studied metals and the 
existence of these metals can be attributed to human 
activities for the local residents. The results of the study 
indirectly indicate the potential contribution of the metals 
through industrial waste discharges.  
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