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Abstract— Seven sampling stations were identified to determine the status of water quality based on heavy metals concentrations in 
Cempaka Lake, Bandar Baru Bangi within two sampling periods; June 2010 and August 2010. The objective of the study is to 
determine the seasonal variations in the lake water quality with respect to heavy metals contamination. Seven parameters of heavy 
metals were analyzed from the water samples, which were collected from the seven different sampling stations at the Cempaka Lake. 
They are Copper (Cu), Manganese (Mn), Lead (Pb), Zinc (Zn), Iron (Fe), Cadmium (Cd) and Nickel (Ni). The concentrations of these 
seven heavy metals were determined using inductively coupled plasma-mass spec (ICP-MS) (ELAN 9000). Evaluation of the 
concentration of heavy metals is carried out based on the NWQS classification. The results are Cu between 0.0007 to 0.021 mg/L, Mn 
0.10 to 0.11 mg/L, Pb 0.001 to 0.002 mg/L, Zn 0.01 to 0.03 mg/L, Fe 1.03 to 4.41mg/L, Cd 0.0001 to 0.0002 mg/L and Ni 0.0013 to 0.014 
mg/L. The data obtained from this study were analyzed statistically using the one-way ANOVA, to determine the existence of the 
relationship based on partial and temporal conditions of the each heavy metal. The results of the analysis of the seven heavy metals in 
the seven sampling stations found that the concentration of heavy metals is relatively low. Only Fe has high content and fall into class 
IV, followed by Mn in class II while the other five heavy metals remain in class I. 
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I. INTRODUCTION 

Heavy metal pollution is a major environmental problem 
in the world, and usually, it is associated with areas of 
intensive heavy industry [1]-[3]. Heavy metal pollution can 
be either natural or anthropogenic origin; natural sources 
could be comes from  the mineralogy and the weathering 
process while anthropogenic sources comes from mining, 
disposal of untreated and partially treated effluents contain 
toxic metals, fertilizer and pesticides [4]. Heavy metals 
contamination in the river is one of the major quality issues 
in many fast-growing cities because maintenance of water 
quality and sanitation infrastructure did not increase along 
with population and urbanization growth especially in the 
developing countries [5]-[7].  

Smaller amounts of many other metals such as nickel and 
cadmium are traces in the road runoff and exhaust.  About 
half of the zinc and copper contributed to the environment is 
from urbanization as well from automobile brakes that 
release copper [8]. Rivers in urban areas have also been 
associated with water quality problems because 
contamination of toxic elements from the nearby industries 
and communities. As heavy metals are non-biodegradable 
and accumulative in nature, the elevated metal emissions and 
their deposition over time can lead to anomalous enrichment 
and the contamination of the surface environment [9]. 

Cempaka Lake, Bangi is chosen as a focus in this study as 
a function of recreational area. It contains a lake garden and 
picnic gazebos. This lake is considered as an opened lake, 
whereas the water recharges only based on rainfall and small 
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rivers. The lake becomes a place which attracts insects such 
as mosquitoes and contains fishes. With an increase of 
population growth, the population around the Bangi area will 
produce more domestic and other types of pollution. Some 
pollution sources surrounding the lake were identified from 
the commercials, hospitals, clinics, residential as typical for 
urban stream [10].  

The undesirable activities and unscientific utilization of 
resources from the lakes have caused various undesirable 
environmental problems, thus threatening the biodiversity 
that should be sustained by it [11]. Describe the impact of 
acid mine from coal mine in South Sumatera, Indonesia [12]. 
It is again significant to note that these species-rich aquatic 
ecosystems are capable of self-maintaining. However, the 
delicate equilibrium is sensitive to external stimuli such as 
the human activities promoted by socio-economic goals.  
Exercising a control on the existing anthropogenic activities 
is necessary to sustain these socio-economically and bio-
aesthetically which are important for aquatic ecosystems.  
The fresh water resource which is facing a faster rate of 
deterioration of the water quality is now a global problem 
[13]-[18]. The results can also be used to determine if a 
particular stretch of water is proposed as healthy [19]. The 
objective of the study is to determine the seasonal variations 
of heavy metals contamination in the Cempaka Lake water 
quality.   

II. MATERIAL AND METHOD 

Heavy metals including both the essential and non-
essential elements have a particular significance in eco-
toxicology, since they are highly persistent and have all the 

potential to be toxic to living organisms. There are several 
sources of pollution that are scattered around the lake such 
as petrol pump stations, medical clinics, restaurants, 
government offices, workshops, housing will eventually 
discharge their wastewater to the Cempaka Lake. The 
elements that are generally determined in drinking water 
include copper (Cu), Manganese (Mn), lead (Pb), Zinc (Zn),   
iron (Fe), Cadmium (Cd) and Nickel (Ni). Seven sampling 
stations were chosen from the surrounding the lake (station 1 
to station 7) as shown in Fig. 1. Station 1 was located at the 
inlet area of the lake, four sampling stations (station 2 to 
station 5) in the surroundings of the lake and station 6 was in 
the center and the last station, station 7 was located at the 
outlet of the lake. The water samples were taken using 
polyethylene bottles, which had been soaked and cleaned 
before the sampling. After the collection, the water samples 
were immediately placed into ice boxes and processed for 
analysis in the laboratory. Heavy metals were determined 
using inductively coupled plasma-mass spec (ICP-MS) 
(ELAN 9000). Evaluation of the concentration of heavy 
metals is carried out based on the NWQS classification. 
Three replications of samples were taken randomly at each 
station. The data obtained from this study were analyzed 
statistically using the one-way ANOVA to determine the 
existence of the relationship among the parameters. The data 
set was separately examined for two sampling periods which 
are statistically significant. Statistically, significant 
differences between groups were assessed using Microsoft 
excel and the correlation between related parameters was 
performed.   
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Fig. 1  Location of seven water sampling stations in Cempaka Lake 
 

III.  RESULTS AND DISCUSSION 

Seven of heavy metals were analyzed from the water 
samples which were collected from the seven sampling 
stations in the Cempaka Lake such as Copper (Cu), 
Manganese (Mn), Lead (Pb), Zinc (Zn), Iron (Fe), Cadmium 
(Cd) and Nickel (Ni). Each of them will be described as 
follows. 

A. Copper (Cu) 

The range of Cu during the first sampling was from 
0.0001 to 0.1 mg/L with an average of 0.021 mg/L, which 
the highest (0.1 mg/L) was recorded at St. 5 and the lowest  
(0.0001 mg/L) was recorded at St. 7. The range of Cu during 
the second sampling was from 0.0002 to 0.002 mg/L with an 
average of 0.0007 mg/L, where the highest (0.002 mg/L) 
was recorded at St. 4 and the lowest (0.0002 mg/L) was 
recorded at St. 5, 6 (Fig. 2a). The average of two samplings 
of Cu in the study area was (0.017 mg/L ± 0.005) as shown 
in Fig. 2b.  
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Fig. 2a  Distribution of Copper (Cu) values between two samplings 
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Fig. 2b  Mean copper (Cu) values at seven sampling stations 

B. Manganese (Mn) 

The range of Mn during the first sampling was from 0.08 
to 0.13 mg/L with an average of 0.10 mg/L, where the 
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highest (0.13 mg/L), was recorded at station 5 and the lowest 
(0.08 mg/L) was recorded at station 7. The range of Mn 
during the second sampling was from 0.10 to 0.12 mg/L with 
an average of 0.11 mg/L, which the highest (0.12 mg/L) was 
recorded at station 4 and the lowest (0.10 mg/L) was 
recorded at stations 1 and 7 (Fig. 3a). The average of two 
samplings of Mn in the study area was (0.12 mg/L ± 0.007) 
as shown in Fig. 3b.  

 

Fig. 3a  Distribution of Manganese (Mn) values between two samplings 

 

 
Fig. 3b  Mean manganese (Mn) values at seven sampling stations 

C. Lead (Pb) 

The range of Pb during the first sampling was from 
0.0001 to 0.01 mg/L with an average of 0.002 mg/L, which 
the highest (0.01 mg/L) was recorded at station 1 and the 
lowest (0.0001 mg/L) was recorded at station 7. The range of 
Pb during the second sampling was from 0.0001 to 0.001 
mg/L with an average of 0.001 mg/L, where the highest 
(0.001 mg/L) was recorded at station 1 and the lowest 
(0.0001 mg/L) was recorded at station 6 (Fig. 4a). The 
average of two samplings of Pb in the study area was (0.001 
mg/L ± 0.001) as shown in Fig. 4b. 

 

Fig. 4a  Distribution of Lead (Pb) values between two samplings 

Fig. 4b  Mean lead (Pb) values at seven sampling stations 

D. Zinc (Zn) 

The range of Zn during the first sampling was from 0.008 
to 0.04 mg/L with an average of 0.03 mg/L, where the 
highest (0.04 mg/L) was recorded at station 3 and the lowest 
(0.008 mg/L) was recorded at station 7. The range of Zn 
during the second sampling was from 0.01 to 0.04 mg/L with 
an average of 0.01 mg/L, which the highest (0.04 mg/L) was 
recorded at station 3 and the lowest (0.01 mg/L) was 
recorded at station 7 (Fig. 5a). The average of two samplings 
of Zn in the study area was (0.023 mg/L ± 0.01) as shown in 
Fig. 5b.  

 

 
Fig. 5a  Distribution of Zinc (Zn) values between two samplings 

 

 
Fig. 5b  Mean zinc (Zn) values at seven sampling stations 

E. Iron (Fe) 

The range of Fe during the first sampling was from 0.06 
to 2.00 mg/L with an average of 1.03 mg/L, which the 
highest (2.00 mg/L), was recorded at station 2 and the lowest 
(0.06 mg/L) was recorded at station 7. The range of Fe 
during the second sampling was from 2.25 to 6.00 mg/L with 
an average of 4.41 mg/L, where the highest (6.00 mg/L) was 
recorded at station 2 and the lowest (2.25 mg/L) was 
recorded at station 7 (Fig. 6a). The average of two samplings 
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of Fe in the study area was (2.72 mg/L ± 2.36) as shown in 
Fig. 6b. 

 

Fig. 6a  Distribution of Iron (Fe) values between samplings Fig. 1  
 

 
Fig. 6b  Mean iron (Fe) values at seven sampling stations 

F. Cadmium (Cd) 

The range of Cd during the first sampling was from 
0.0001 to 0.0004 mg/L with an average of 0.0002 mg/L, 
where the highest (0.0004 mg/L) was recorded at station 3 
and the lowest (0.0001 mg/L) was recorded at station 7. The 
range of Cd during the second sampling was 0.0001 to 
0.0002 mg/L with an average of 0.0001 mg/L, which the 
highest (0.0002 mg/L) was recorded at station 4 and the 
lowest (0.0001 mg/L) was recorded at station 7 (Fig. 7a). 
The average of two samplings of Cd in the study area was 
(0.0001 mg/L ± 0) as shown in Fig. 7b.  

 

Fig. 7a  Distribution of Cadmium (Cd) values between two samplings 
 

 
Fig. 7b  Mean cadmium (Cd) values at 7 sampling stations 

G. Nickel (Ni) 

The range of Ni during the first sampling was from 
0.0008 to 0.002 mg/L with an average of 0.0013 mg/L, 
which the highest (0.002 mg/L) was recorded at station 2 
and the lowest (0.0008 mg/L) was recorded at station 7. The 
range of Ni during the second sampling was 0.01 to 0.02 
mg/L with an average of 0.014 mg/L, where the highest 
(0.02 mg/L) was recorded at station 3 and the lowest (0.01 
mg/L) was recorded at station 7 (Fig. 8a). The average of 
two sampling of Ni was (0.007 mg/L ± 0.006) as shown in 
Fig. 8b.  

 

Fig. 8a  Distribution of (Ni) values between two samplings  
 

 
Fig. 8b  Mean Nickel (Ni) values at 7 sampling stations 

The explanation of statistical analysis of the seven of 
heavy metals will be explain as follows.  

A. Copper 

Statistical analysis showed there were no significant 
differences between sampling stations and between sampling 
times (p > 0.05; p < 0.05). Based on the NWQS, the level of 
Cu is classified as Class I. Cu contributed to the environment 
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through vehicles. Oil is another pathway by which metal 
enters the environment via the road surface and the metal 
becomes bound to the surfaces of road dust or other particles. 

B. Manganese 

Statistical analysis showed that there were no significant 
differences between stations and between sampling times 
(p > 0.05; p > 0.05). Based on the NWQS, the level of Mn is 
classified as Class II. With respect to the Mn metal, the 
study reveals that there are expected additions of quantities 
of industrial effluents and anthropogenic wastes that are 
particularly associated with the water streams in the lake. 

C. Lead 

Statistical analysis showed that there were no significant 
differences of Pb between stations and sampling times (p > 
0.05; p > 0.05). Based on the NWQS, the level of Pb in the 
study area is classified as Class I. Pb deposited in parking 
lots and roads can be carried by surface runoff that flows 
into the lakes. The presence of Pb can be observed not only 
in the area density of vehicles, but also the atmosphere that 
falls with rain water and transported to aquatic sediments [21] 
effectively than the surface area. There is an increasing 
problem of heavy metal contamination during a surface 
runoff in the area city. However, the Pb values in this study 
are not high different compared to the value obtained by [20] 
based on their study in Tasik Chini (0.0016 to 0.0034 mg/L). 

D. Zinc 

Statistical analysis showed that there were significant 
difference between sampling stations and between sampling 
times (ANOVA, p < 0.05; p < 0.05). Based on the NWQS, 
the level of Zn in the study area is classified as Class I. High 
concentration of Zn indicates an increase of pollution load 
due to the movement of agricultural ashes, industrial 
effluents and anthropogenic wastes [9] or from vehicle 
exhausts, oil lubricants, automobile parts and the corrosion 
of building materials. However, the Zn values of the lake in 
this study are slightly higher compared to [20] based on their 
study in Tasik Chini (0.005 to 0.006 mg/L). 

E. Iron 

Statistical analysis showed that there were significant 
differences in the mean Fe levels between stations and 
between sampling times (p < 0.05; p < 0.05). Based on the 
NWQS, the level of Fe in the study area is classified as Class 
IV. The highest concentration of Fe may be due to the 
discharge of industrial wastes into the water body [1]. 
However, the Fe values of the lake in this study are higher 
compared to the value obtained by [20] based on their study 
in Tasik Chini (0.32 to 1.02 mg/L).   

F. Cadmium 

The statistical analysis showed that there were no 
significant differences between the seven sampling stations, 
but significant differences between the sampling times 
(ANOVA, p > 0.05; p < 0.05) respectively. Based on the 
NWQS, the level of Cd in the study area is classified as 
Class I. The results of Cd are low during the second 
sampling, but high during the first sampling, this may be due 
to the presence of Cd in the dust and deposited in the lake. 
The presence of Cd the atmosphere is usually caused by 

burning of fossil fuels in vehicles, industrial activities and 
construction activities very rapidly in the vicinity of the 
basin. However, the Cd values of the lake in this study are 
about the same to the value obtained by [20] based on their 
study in Tasik Chini (0.0003 to 0.0004 mg/L). 

G. Nickel 

Statistical analysis showed that were no significant 
differences in the mean contents of Ni in the seven sampling 
stations, but significant differences between  sampling times 
(ANOVA, p > 0.05; p < 0.05) respectively. Based on the 
NWQS, the level of Ni in the study area is classified as Class 
I. However, the Ni values of the lake in this study are lower 
compared to the value obtained by [1] in the study of Ganga 
river of India which was between 0.012 to 0.37mg/L. 

IV.  CONCLUSION 

The results of the analysis of the seven heavy metals in 
the seven sampling stations found that the concentration of 
heavy metals is relatively low. Only Fe has high content and 
in class IV, followed by Mn in class II. Despite the relative 
distribution of heavy metals present in general are in Class I, 
but likely their concentration will be increased in the future 
in line with an increase in human activity.  

Based on the statistical analyses show that Zn, Fe were 
significantly different between sampling stations and 
sampling times, Cd and Ni have significantly different only 
during sampling times. But three heavy metals namely Pb, 
Mn and Cu have no significant during sampling times and 
stations. 

Monitoring should be carried out from time to time of the 
waste waters that enter into Lake Cempaka, to trace and 
control new contamination as well to identify the sources, 
especially those that can have a direct impact on existing 
aquatic life in the lake. 
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