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 A set of data during one year monitoring period (May 2012-Apr 2013) of surface water 

samples from 13 sites in upstream rivers including Timah Tasoh Lake were subjected 

into two multivariate techniques such as cluster analysis and principal component 
analysis. The main objective was to evaluate surface water quality of heavy metals 

contamination for evidencing temporal and spatial cluster by natural and anthropogenic 

sources factor linked to seasonality in study area.Results indicates that Timah Tasoh 
Lake was contaminated by Al and Cr during dry season meanwhile Cr and As during 

wet season which is come from region two (industrialized area). This can be conclude 

that Timah Tasoh Lake received the unregulated discharged of contaminated effluent 
from upstream rivers without earlier treatment by responsible industries and 

communities which in turn may depleted the level of water quality in Timah Tasoh 

Lake. 
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INTRODUCTION 

 

 Rivers are the most important inland water resources for human consumption, agricultural, industrial and 

recreational purpose (Homa and Ayoob, 2010). However, with the rapid growth of population, urbanization, 

industrialization and land development along river basin have increase stress to the river (Surindra et al.,2009). 

These may lead to the pollution of surface water bodies in rivers with toxic metal which can increase nutrients 

leading to eutrophication and may reduce water quality level (Surindra et al.,2009). Pollution loads of rivers 

originate from industrial and municipal wastewater discharges, agricultural drainage and street runoff (Homa 

and Ayoob, 2010). But, the sources of pollution may also come from natural sources such as from atmospheric 

transport, bedrock erosion and the release from plants (Hakan and Mithat, 2004). In addition, the seasonal 

variation may strongly affect flow rates and the concentration of the river pollution (Homa and Ayoob, 2010). 

Metal contamination in aquatic environments has received a lot of concern due to its toxicity, abundance and 

persistence properties. The residues in contaminated habitat can be transported, accumulate in microorganism, 

flora and fauna which in turn may enter into human food chain and give effect in health problems (Desieger and 

Erickson, 1990).  

 There has been long time history of study in water pollution cause by heavy metals (Zhang and Feng, 

2009). These studies revealed that different ecosystems such as forest, grassland, agricultural and urban have 

increasing water pollution level due to anthropogenic activities (Siyue and Quanfa 2010). However, with the 

spatial variation in water quality which is often difficult to interpret, a monitoring programmed that give a 

representative and reliable estimation of the status/quality of surface water is necessary. These programmed may 

produce a large and complex data matrix consists of physico-chemical parameters which are difficult to interpret 

in conventional statistical techniques (Cid and Antón, 2011). The application of chemometric multivariate 

technique such as cluster analysis (CA), principal component analysis (PCA) can helps in interpretations of a 

complex data matrices for better understanding the water properties in study area. These techniques have been 

widely used to classify water quality data as well as to detect the similarities among samples and variables 

(Surindra et al.,2009). 
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 In Perlis Malaysia, Timah Tasoh Lake has been used for drinking, agricultural and industrial purposed (Ain 

et al.,2011). However, the various anthropogenic activities occur near the upstream river of the Lake have a 

potential to increase the pollution rate in the Timah Tasoh catchment area (Ain et al.,2011). Thus, a monitoring 

program for the upstream rivers is necessary to prevent Timah Tasoh Lake from further degradation. Then a set 

of data obtained from the monitoring program will be interprets using multivariate statistical approaches such as 

cluster analysis (CA) and principal component analysis (PCA). This approach is used to evaluate surface water 

quality and it is very useful tools for evidencing temporal and spatial cluster variations by natural and 

anthropogenic factors linked to seasonality. 

 

Methodology: 

Study Area: 

 Study area was divided into three main part; Region 1, Region 2 and Region 3. The first region contains 

stations 1 until 4 which are located at Padang Besar. The second region contains station 5 until 10 located at 

Wang Kelian (figure 1) and third region located at the center of Timah Tasoh Lake. Based on the observation, 

the agricultural area in upstream catchments such as rubber, paddy, sugar, cane, timber plantation and livestock 

surrounding Lake  (Ain Nihla Kamarudzaman  and Jalil 2011) were identified as non-source pollution. 

Meanwhile, domestic and industrial zone were categorized as point source pollution to the Timah Tasoh Lake 

(Ain et al.,2011). Both source of pollution may contribute to the depletion of water quality. The figure 1 below 

illustrates the location of sampling site. 

 

 
 

Fig. 1: Location of sampling site. 

 

Sample collection and analytical analysis: 

 Surface water sample from 11 sites were collected on the monthly basis between May 2012 – April 2013for 

the seasonal variation in upstream river as well as Timah Tasoh Lake. The samples were kept in 1 litre 

polyethylene bottle sample and preserved with concentrated acid nitric. All preserved water samples were 

filtered through pre-washed 0.45 µm Milipore nitrocellulose filters for further elemental analysis. The elements 

such as lead (Pb), copper (Cu), chromium (Cr), nickel (Ni), arsenic (As), aluminium (Al) and manganese (Mn) 

were analyzed using Inductively Coupled Plasma Mass Spectrometry (ICP-MS). For in-situ parameter such as 

temperature, salinity, dissolve oxygen, conductivity, pH and total dissolved solid were measured directly at each 

station using HYDROLAB DataSonde.  

 

Multivariate statistical analysis: 

 Principal component analysis (PCA): 

 PCA was used in order to interpret the variance within a large data set of intercorrelated variables by 

reducing into a smaller data set of independent variables. Although its undergo data reduction, PCA can give 

information on the most significant parameter used to describe the entire data set and can summarize the 

statistical correlation with the minimum loss of original information. 

 

 Cluster analysis (CA): 

 CA was applied to the data set for the classification of similar objects into groups (classes) base on their 

similarities within classes and dissimilarities between different classes. The clustering results are typically 

demonstrated by a dendogram. The dendogram give a visual of summary in clustering process and presenting 

the classes and their proximity within a data reduction in dimensionally of the original data. 
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Results: 

 All physical and chemical parameters data set obtained over a one period monitoring programmed is 

summarized in Table I.  Each element exhibits wide variations as reflected by the large value of standard 

deviation affected from seasonal changes and its properties in water bodies (Singh et al., 2004; Siyue 2009).   

 Spatial distribution of heavy metals is in the sequence of; Cu<Pb<Ni<Cr<As<Al<Mn in dry season whereas 

Pb<Cu<Cr<Ni<As<Mn<Al in wet season. This trend may explain by various anthropogenic activities occur 

have affect their distribution pattern (Siyue Li 2010). However, the natural contents of metals may also affect 

the distribution which is derived from soils and mineral weathering (Hakan Pekey 2004). Based on Table 1, the 

mean concentration of heavy metals during dry season was ranged from 0.89-3.32 ppb (Pb), 0.72-2.91 ppb (Cu), 

2.13-7.63 ppb (Cr), 0.69-4.61 ppb (Ni), 12.98-152.93 ppb (Al) and 15.40-498.17 ppb (Mn). In contrast, the wet 

season (as shown in Table IIb) was ranged from 1.13-4.27 ppb (Pb), 1.11-3.83 ppb (Cu), 0.71-4.10 ppb (Cd), 

0.73-4.52 ppb (Ni), 11.27-131.65 ppb (Al) and 13.91-427.29 ppb (Mn). All the concentration however is within 

the limits except for Al and Mn for both seasons which have recorded elevated concentration above the Interim 

National Water Quality Standard (INWQS) limit set by Department of Environmental (DOE) Malaysia.  These 

metal fall into Class III that is set by DOE which means an extensive treatment is required for the drinking water 

purposed as well as for fishery, livestock and drinking.  

 Principal component analysis was applied on the data sets of different sites in both seasons (as shown in 

Table II). 

 The first component during dry season explained 39.7% of variance which is primarily controlled by Al 

followed by second component with 60.4% was regulated by Cr. In contrast during wet season, the first 

component explained 41.15% with the main component was Cr meanwhile for second component with 59.9% 

controlled by As. Results for cluster analysis are shown in figure 4a-4b. Three groups of elemental were 

extracted in analysis because of their elemental concentration at each site and their similarity coefficient 

(Sekabira, 2010). 

 

Discussion: 

 As shown in table 1, the overall average results for physical parameters in both season revealed that the 

temperature was varied from 23.51
o
C – 30.04

o
C; basically because of different timing during sampling as well 

as the effect of atmospheric temperature. The highest temperature was recorded during dry season and the 

lowest during wet season where this pattern was also obtained by Saxena (2012). TDS usually was affected by 

geographical location of water body, rainfall and deposited organic level into water bodies. In this study TDS 

values obtained was lies between 0.03 – 0.45 g/L with the maximum value obtained during dry season located at 

station 1 may due to soil erosion that brings various kinds of minerals such as ammonia, nitrite and metallic ion 

which comprised of dissolved solid in water. Similar results have been observed by Saxena (2012). The lowest 

value of salinity observed was 0.02 meanwhile the maximum value is 0.33 both was recorded during dry season. 

The possible reason salinity give varied values is because of the presence of ionic substance that come from the 

reaction occur between metals and acid in water. 

 The range of DO obtained was from 10.60 -16.72 mg/l. The highest value of DO was recorded during dry 

season possibly due to high water aeration at station 5 which given off more oxygen and might due to the 

increase in T reading which enhance the rate of photosynthesis activity releasing more oxygen. This trend was 

also shown by Singh et al., 2012. The pH value was recorded from 7.28– 8.46 for both monsoon which is within 

the permissible limit for diverse uses such as water supply, fishery set by DOE (pH 6.5-8.5). The obtained pH 

reading was alkaline in both season in contrast with Offern (2011) study with low pH values was obtained 

during wet season might due to the addition of organic matter in water bodies and was classified as not suitable 

for fish culture and drinking purposed. The electrical conductivity (EC) was tested usually for indicating the 

total concentration of charged ionic species in water bodies and the obtained EC was recorded is in the range 

from 0.05-0.72 µS/cm. The highest EC (0.72 µS/cm) was recorded during dry season located at station 1 

(control area) may naturally come from the origin of the river water of rain water and due to inert stream bank 

material (Singh et al., 2004).Other stations may due to the addition of waste water from residential area near the 

river, surface runoff from agricultural activities as well as from industrial activities such as textile, chemical, 

rubber made industries which are located at Padang Besar Town. However, when compared with the results 

obtained with Sangpal (2011) study, significant difference can be seen where the highest EC was recorded in his 

study is 926 µS/cm indicated that large amount of dissolved minerals was present in water bodies. 

 

A. Multivariate Statistical Analysis: 

 Basic statistical analysis such as Pearson Correlation was applied into data set. The positive and positive 

values was indicate a positive or negative correlation between two metals and metals with physical parameters 

(Bingöl, Ay et al. 2013). A significantly correlated during dry and wet season at P < 0.05 was found between 
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metals; Pb/C, Cu/Cr, Cu/Ni, Cu/Al, Cr/As, Ni/As and Cu/Cr, Cr/Mn, As/Mn respectively. However, metals also 

show a positive correlation between physical parameter in both seasons. Metals physical paired during dry 

season; Cr/TDS, Ni/T, NI/DO, As/TDS/S/EC, Mn/T meanwhile during wet season; Mn/T/DO, Cr/T and 

Ni/S/DO/EC. This could be a reason to conclude that each paired elements having a similar behavior and same 

origin of their sources. 
 

Table I: Descriptive Statistic for physico-chemical parameters in dry and wet season. 

 DRY SEASON 

 Pb Cu Cr Ni As Al Mn T (oC) TDS 

(mg/L) 

S 

(%) 

DO 

(mg/L) 

pH EC 

(µS/cm) 

Min 0.89 0.72 2.13 0.69 0.27 12.98 15.40 24.49 0.03 0.02 10.60 7.28 0.05 

Max 3.32 2.91 7.63 4.61 21.07 152.93 498.17 30.04 0.45 0.33 16.72 7.97 0.72 

Ave 1.62 1.53 4.30 2.05 5.94 49.17 131.16 27.41 0.21 0.16 13.73 7.59 0.34 

Std 0.67 0.69 1.79 1.21 3.82 37.56 131.72 1.73 0.10 0.07 2.07 0.18 0.16 

Inwqs 14 10 2500 500* 45 56 100 NR 500 0.5 7 6.5-

8.5 

1000 

WET SEASON 

 Pb Cu Cr Ni As Al Mn T 
(oC) 

TDS 
(mg/L) 

S 
(%) 

DO 
(mg/L) 

pH EC 
(µS/cm) 

Min 1.13 1.11 2.56 0.73 0.42 11.27 28.13 23.51 0.07 0.04 10.92 7.42 0.05 

Max 4.27 3.83 7.54 4.52 10.75 131.65 427.29 28.73 0.37 0.29 16.15 8.46 0.60 

Ave 2.25 2.17 5.00 2.61 5.95 43.00 113.28 26.39 0.20 0.15 13.68 7.84 0.30 

Std 0.89 0.80 1.54 1.02 2.85 32.18 112.72 1.40 0.08 0.07 1.41 0.25 0.13 

Inwqs 14 10 2500 500* 45 56 100 NR 500 0.5 7 6.5-

8.5 

1000 

 
Table II: PCA Results. 

PCs for Dry Season PCs for Wet Season 

Variable PC1 PC2 PC3 PC4 Variable PC1 PC2 PC3 PC4 

As 0.27 0.01 -0.26 -0.47 As 0.04 0.37 -0.24 0.02 

Al 0.31 -0.01 0.39 -0.06 Al -0.25 -0.10 0.36 0.20 

Mn -0.36 0.01 -0.37 0.01 Mn 0.292 0.10 -0.34 -0.28 

Pb 0.18 0.36 0.10 -0.12 Pb 0.12 0.34 -0.01 0.05 

Cu 0.19 0.28 -0.04 0.29 Cu 0.15 0.10 -0.26 0.47 

Cr 0.08 0.38 -0.24 0.04 Cr 0.31 0.11 0.26 0.24 

Ni 0.17 0.19 -0.32 0.49 Ni 0.28 -0.27 -0.007 0.25 

Eigenvalue 2.78 1.45 1.20 0.63 Eigenvalue 2.88 1.32 0.91 0.78 

Cumulative (%) 39.7 60.4 77.5 86.5 Cumulative (%) 41.1 59.9 72.8 84.0 

 

 Principal component analysis (PCA): 

 PCA was applied to the entire data set and the result is summarized in Table II. The PCA evolve four PCs 

during dry and wet season with the overall component loading for dry season was about 86.5 % of the total 

variance meanwhile during wet season about 84%. 

 By plotting the principal component, the interrelationships between different variable can be visualized and 

interpret for sample pattern, grouping, similarities or differences. Normally for the first and second component 

consist of a large portion of the total variance, therefore these components were plotted against each other and 

the clustering of the samples can be viewed within two dimensional planes as shown in figure 2 and 3. 

 Figure 2 shows the score plot based on monthly distributions in a seasonal variation. The variation pattern 

in wet season was clear rather than in dry season. This can be seen by the score plot in figure 2 were plotted 

close to each other in dry season compared to wet season were the score were plotted are spread from each 

other. In addition, the transition season on May in Figure 2a was distributed toward the plot similar with pattern 

shown in July and September meanwhile the transition season on October in Figure 2b during wet season shows 

a similar distribution with in November and December. This pattern can be conclude that both transition month 

can be assigned in a dry and wet season due to its similarities pattern distribution which may indicates having a 

more similar behavior than those associated with score that are further apart although it is called as transition 

season. 

 Figure 3 shows the score plot based on three main regions in sampling stations in seasonal variation. The 

sampling station was divided into three main regions. The first regions consist of four stations located at Padang 

Besar area, second region consist of six stations located at Wang Kelian area and third region consist of one 

station located at the center of Timah Tasoh Lake. The distribution pattern in region one and two revealed that 

region two was highly influenced into water in Timah Tasoh Lake compared to region one. The score plot for 

region two was located near the region three score plot but region one mostly is located further apart from 

region three. Based on table II, during dry season Al and Cr has the largest value in PC 1 and PC 2 respectively, 

meanwhile during wet season is Cr and As. This indicates that those metals are mainly distributed in all regions. 

The possible sources of these metals are come from the industrial, agricultural as well as domestic waste which 
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are directly discharged into the nearest river (Ain et al.,2011). These activities may give a negative impact to the 

quality of water in Timah Tasoh Lake because of region one and two is the one of the fresh water sources for the 

Lake input (Ain et al.,2011). This can be conclude that the upstream rivers from region two have a potential to 

increase the pollution rate in the Timah Tasoh Lake. 

 

 
 

Fig. 2a: (dry) -2b (wet); Score Plot for monthly seasonal variation. 

 

 
 

Fig 3a: (dry) -3b (wet); Score Plot for Region in seasonal variation. 

 

 Cluster Analysis (CA): 

 CA was applied for the classification of heavy metals from different sampling location and to compare the 

findings obtained with the PCs loading results. The Hierarchical Cluster Analysis (HCA) was extracted using 

the score vector obtained from the first four PCs, explaining 86.5% and 84% of the total variance in dry and wet 

season respectively. In this study, the Ward linkage method was used for clustering in a dendogram formed. 

Dendogram obtained from the Ward linkage method is shown in figure 4. 

 Dendogram in figure 3 show heavy metals elements were grouped into three significant clustering. During 

dry season (figure 3a), Cluster 1;Pb and As, Cluster 2; Al and Cluster 3; Cu, Cr, Mn and Ni meanwhile during 

wet season (figure 3b), Cluster 1 ; Al and Pb, Cluster 2 ; As and Cluster 3; Mn, Ni, Cu and Cr. Figure 4 

displayed dendogram for clustering heavy metals based on three main regions in sampling stations. During dry 

season (4a), Cluster 1;Pb, Cu, As, Mn, Ni; Cluster 2; Cr and Cluster 3; Al  

 

 
 

Fig. 4a: (dry) - 4b (wet); Dendogram for heavy metals clustering in seasonal variation. 

 

 Based on the dendogram, only Al show a similar clustering while others show different clustering in both 

season. The possible reason for this is due to the human activities which discharged wastes directly into water 

bodies were highly distributed during wet season compared in dry season where the water become more 

stagnant due to slow river flow. This clustering procedure may conclude that all cluster in both season having 

similarities features about their natural/anthropogenic sources type but the accumulating process may differ due 

to rain fall during wet season. This may be the reason why the clustering is different during season.The distance 

similarities show in dendogram explained that higher similarities distance value having a strongly correlated 

between nearest metals and show a nearest plot between metal in loading plot. But, when similarities value is 

lower, their correlation will be weakly correlated and in loading plot metals will be plotted apart from each 

other. 

 

Conclusion: 

 Spatial distribution of heavy metals by multivariate statistical techniques revealed that polluted river mainly 

at region two which received a great input of human activities waste. Heavy metals score plot based on three 

main regions in dry and wet season give a similar pattern which is metals appears to formed a small grouping 
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which is close to one another towards region three rather than region one that are further apart. Clustering 

analysis between heavy metals and sampling station has displayed three main clusters which are different within 

both seasons. The possible reason for this clustering is due to the different accumulating process of human 

activities during season changes. 

 This can be conclude that the upstream rivers from region two received Al, Cr and As which have potential 

to increase the pollution rate in the Timah Tasoh Lake indicating that there is unregulated discharge of 

contaminated effluent into water bodies without earlier treatment by responsible industries and communities 

within this region. Among six elements, Al and Mn were found exceeding the standard limit derived from 

Department of Environmental (DOE) Malaysia. Both metals fall into Class III that is set by DOE which means 

an extensive treatment is required for the drinking water purposed as well as for fishery and livestock drinking. 
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