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 Various sources may influence the heavy metal levels in our environment. Multivariate 
analysis (correlation coefficient, Principal component analysis PCA, cluster analysis 

CA) is an efficient method for source identification. In this study correlation analysis, 

PCA and CA will be used fordetermination of pollution sources based on relationship 
heavy metal concentration. 54 soil samples will be analyzed for heavy metal 

concentration of Pb,Cu,Zn,Cr,Ni,Co,Li and Mn. element concentration in soil samples 

from study area lower than background levels.  Majority correlation coefficient of 8 
element was highly correlated such as Ni-Cr (r=0.920) and Cu-Cr (r=0.918) except Ni-

Mn (r=0.466) weakly correlate to each other. 4 principal components were extracted by 

PCA which slightly similar with cluster analysis. The PCA and CA showed the (1)Pb 
and Zn originated from industrial and transportation activity, (2) Cu,Cr,Ni,Co,Li from 

agriculture and transportation activity  and (3) Mn  from natural sources. From the 

chemometric evaluation of heavy metal sources, the first group contains Ni,Cr, Co 
which correlated at station 4,5,7,16 and all this station release pollution from industrial 

discharges (cement, chemical and quarry plant), vehicular emission and parent material. 

Meanwhile, Li and Cr found high at station 12 and 18 where those areas consist of 
power plant and transportation of vehicular and ferry. Pb and Zn high in site 3 and 6 

and likely come from anthropogenic sources, such as traffic emission, industrial 

emission and agriculture. Mn originated from natural parent rock based on cluster 
analysis and correlation coefficient with other element. From chemometric analysis,the 

contributors of heavy metal content in soil can be determine and specify with 

correlation relationship between each heavy metal with sources.  
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INTRODUCTION 
 

 Malaysia, one of developing country in the world recently has been bother with environmental pollution 

problem. Accompanying rapid economic development, pollution has become a growing issue, resulting high 

level of pollutants such as heavy metal released into the environment. Trace elements and especially the so-

called heavy metals are one of the most serious environmental pollutants in areas of intense industry and 

agriculture (A.Bhargava et al, 2012); they are problematic because of their toxicity, persistence and 

bioaccumulation (J.O. Aruleba and Ajayi , 2012). Due to this, environmental quality has severely deteriorated. 

Heavy metal pollution in soils, road dust and agricultural soils has become significant with the rapid 

industrialization and urbanization of Malaysia. Heavy metal usually derives from two main sources: (i) natural 

background, which derived from parent rocks (J.O. Aruleba and Ajayi, 2012). The second sources is 

anthropogenic contamination which is mobile sources (eg. emissions of automobile exhausts) (H, Zhang et 

al,2012, C, L.S. Wiseman et al,2013) and stationary sources include power plants, industrial waste incinerators, 

the emission of dust from urban construction works and quarries, along with open burning. waste incineration, 

and land disposal of waste products, use of agricultural inputs, industrial effluent, sewage and sludge and from 

diesel generators (J.O. Aruleba and Ajayi,2012, Xiaoyu Li et al, 2013), including agrochemicals, organic 

amendments, animal manure, mineral fertilizer, sewage sludge and industrial wastes (Xiaoyu Li et al,2013). 

 Sources contributing to soil pollution in an urban/industrial area should be better known in order to control 

and minimize their effects on soil composition. However, the assessment of the contribution from numerous 

sources in a large metropolitan area can be a complex task. Multivariate statistical techniques, such as Principal 
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Components Analysis (PCA) and geostatistical analysis are powerful tools to segregate sources contributing to 

observed pollution and distinguish the different groups of heavy metals (Xiaoping Li et al,2011, G.Guo et 

al,2012, Ozan, D.Y et al,2008). These techniques have been used both to differentiate between different natural 

sources that cause variations in soil composition and to identify pollution sources affecting the metal content of 

soil. Multivariate methods are being increasingly used because a large amount of information can be compared 

in graphical form. There are many well established multivariate methods for classification, of which the most 

commonly used are correlation analysis, principal component analysis (PCA), and cluster analysis (CA) 

(Brereton, R.G, 2007, D.Bingol et al,2013). Usually, the identification of pollutant sources is conducted with the 

aid of multivariate statistical analyses, such as correlation analysis, principal component analysis (PCA), and 

cluster analysis (CA) (Xiaoping Li and Linna, Feng, 2011). These techniques have been used both to 

differentiate between different natural sources that cause variations in soil composition and to identify pollution 

sources affecting the metal content of soil (Xiaoping Li and Linna, Feng, 2011).  

 Despite the numerous studies of heavy metal contamination in soils that have been conducted in developed 

countries, few such studies have been conducted in developing nations including Malaysia. As moving towards 

Perlis Maju 2015, this smallest state in Malaysia also made contribution to the economic development. 

However, economic development in Perlis has led to significant release of waste into the urban environment and 

placed great pressure on the local environment, including heavy metals contamination of soils, such as Pb, Cu, 

Zn, Cr, Li, Co, Ni and Mn. A more detailed study is required to elucidate the environmental changes associated 

with the economic growth that is occurring, as well as to find appropriate methods for sensible and responsible 

development and to maintain a sustainable environment. However, there is very little information available 

regarding heavy metals contamination of soils in Perlis.  

 The present study was conducted to: (1) determine the concentration of heavy metals (Pb, Cu, Zn, Cr, Li, 

Co, Ni and Mn) in soil collected from Perlis; (2) to determine correlation coefficient each heavy metal and (3) 

identify their natural or anthropogenic sources by principal component analysis (PCA) and CA . This 

information will be helpful to urban planners and environmental risk managers who seek to encourage 

responsible, environmentally friendly economic development strategies.  

 

1. Methodology: 

A. Characteristic of study area: 

 Perlis is located northern part of the west coast of Peninsular Malaysia (6° 30’N, 100° 15’E). This region is 

an important agricultural area in Malaysia because of vast expanses of farmlands (rice, sugar, herbs and fruits.), 

along with growing industrial areas. The study sites cover about 821km2 and population of 227,025 as of 2010. 

 

 
 

Fig. 1: Sampling areas. 
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B. Sampling and Analytical Methods: 

 A total 54 soil samples from 3 different depths (0-15cm, 15-30cm, 30-45cm) were collected using hand 

auger in the area during April to June 2012; the map of the sampling sites is in Figure 1. The locations of 

sampling sites represent various land uses including farmland, forest, mining land, roads and residential lands 

and were determined using a portable GPS. Grass and other sundries were removed from the surface of each 

sampling location before the sample was collected. Samples were oven-dried at 60°C for 2 days, crushed using 

mortar and pestle, pass through a <2mm polyethylene sieve and stored in polyethylene bottles before underwent 

heavy metal analysis. 0.5g of samples was digested with a solution HNO3-HCl in Milestone microwave 

digestion system. Concentrations of Pb, Cu, Pb, Zn, Li, Ni, Co and Mn in the digestion solution were 

determined by inductively coupled plasma mass spectrometry (ICP-MS).  

 

C. Statistical analysis: 

 Statistical analysis including Principal component analysis (PCA), cluster analysis (CA) and Pearson 

correlation analysis were performed using Minitab 16 software. Correlation analysis was performed by 

calculating the correlation coefficient or Pearsons’s correlation coefficient to express the level of systematic 

linear correlation between elements with sources. Pearson correlation coefficients were calculated to determine 

the relationships among metals and major elements to investigate elemental associations among the heavy 

metals and major elements in the soils (Zhongping, Yang et al, 2011). Obtained values were statistically 

significant at p< 0.05. The relationship between 8 elements was determined by principal component analysis 

(PCA). PCA was used to study the correlations among heavy metals and properties and their grouping into a few 

factors metals and properties within each factor are more highly correlated with metals and properties in that 

factor than with metals and properties in other factors (J.A. Acosta et al, 2011). Two principal components were 

extracted and projected on a factor-plane. Factor analysis (FA) was used to obtain the scatter plot for different 

types of different elements. Factors were extracted by principal component analysis method. The selection 

number of factors was based on the eigenvalues and scree plots. Factor with eigenvalues greater than one were 

extracted, while factors with eigenvalues less than one were extracted if it was suggested by scree plot. Obtained 

factors were rotated by varimax normalized method (I, Lovencic Mikelic et al, 2013). CA was performed to 

classify heavy metals from different sources on the basis of similarities in their chemical properties. Since the 

heavy metal concentrations varied greatly among all 8 heavy metal, the raw data were standardized before 

extracted in PCA and CA. These techniques have been used both to differentiate between different natural 

sources that cause variations in soil composition and to identify pollution sources affecting the metal content of 

soil (Xiaoping Li and Linna, Feng, 2011).  

 

3. Results: 

Analysis of Concentrations Heavy Metal in The Soil:  

 Three different depth of soils where analyzed for 8 element which is Cr, Co,Ni, Cu, Zn, Pb, Li, Mn, and 

their concentrations are shown in Table 1. The maximum content of Pb (1.15mg/kg) and Zn (12.48mg/kg) was 

detected in station 3 and for Ni (19.77mg/kg), Co (0.34mg/kg) and Cu (0.54mg/kg) high in station 5 which 

majorly affected by vehicle emission due to main road for huge vehicle transportation in the sampling site. 

Meanwhile, Mn found high in station 11 which situated in center of Chuping district known as center of 

industrial areas because there is cement plant, quarry, chemical plant and sugar plant operated in that area. 

Besides that Li (14.65mg/kg) and Cr (7.56mg/kg) high in station 18 which is mainly originated from Perlis 

power plant, main roads and ferry transportation. Concentrations of 8 heavy metal shows a decreasing orders 

when entering deeper depth. Heavy metal concentration in eighteen stations were evaluated by comparing heavy 

metal concentration with background values (Kabata-pendias, A, 2011) and found that all the concentration still 

under control and not exceeding the reference values recommended. Therefore, the relatively lower 

concentrations of heavy metals in the soils studied could be the result of less accumulation time and rate. 

Anthropogenic activities in the study area have clearly had influence heavy metal content on the soil in the 

Perlis state. Even though heavy metal concentration not exceeding the reference value, but precaution should be 

taken in order to control deposition of these heavy metal.  

 Table 2 presents the descriptive statistics of the heavy metal such as mean, standard deviation, maximum, 

minimum, median and range values for soils of Perlis state. The total mean concentrations of Cu, Pb, Cd, Cr,Ni, 

Co, Li and Mn in three different depth (0-15cm, 15-30cm and 30-45cm) of Pb(0.214mg/kg), Cu(0.133mg/kg), 

Zn(1.257mg/kg), Cr(1.36mg/kg), Ni(1.09mg/kg), Li(2.62mg/kg), Co(0.062mg/kg), Mn(6.18mg/kg). The values 

of the mean concentrations of heavy metals in soil decreased in the order Mn > Ni > Li > Cr > Zn > Pb > Cu > 

Co. The mean values show that it below the guidelines limit (Table 3) which indicates that the soils not been 

polluted by trace elements. The median values of elemental contents in soils follow a decreasing order as: 

Mn>Ni>Li>Cr>Zn>Pb>Cu>Co. Mn show the highest standard deviation values. The maximum concentrations 

of Zn,Li,Ni,Mn give high values eventhough it still not exceeding the limit, showing that there is a certain 

degree of trace element enrichment in soils. The metal concentrations obtained in this study are compared with 
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the data reported for other areas in Malaysia (J, Khairiah, et al 2009,Foo Toon Fong et al, 2008, D,W,Yap et al, 

2009,M.Aqeel et al, 2010) in Table 4. All elements loadings in Perlis soils are lowest if compared in the 

literature. 

 
Table 1: Heavy metal concentration mg/kg. 

Station  Pb Cu Zn Li Cr Ni Co Mn 

1 W 0.26 0.11 1.29 2.86 0.89 0.8 0.07 3.57 

1 W 0.21 0.04 0.26 0.27 0.29 0.7 0.02 1.5 

1 W 0.081 0.039 0.210237 0.409 0.388 1.430 0.024 0.795 

2 NW 0.64 0.14 3.2 6.09 0.33 0.81 0.06 25.33 

2 NW 0.04 0.014 0.26 0.48 0.05 0.17 0.005 1.53 

2 NW 0.168 0.017 0.223279 0.526 0.069 0.261 0.011 1.913 

3 NW 1.15 0.43 12.48 3.51 4.28 10.88 0.31 44.46 

3 NW 0.27 0.13 1.26 0.54 0.52 1.38 0.08 8.61 

3 NW 0.255 0.094 0.579298 0.233 0.345 0.751 0.050 4.302 

4 N 0.32 0.2 6.18 3.08 3.38 9.81 0.09 5.01 

4 N 0.043 0.023 0.27 0.55 0.47 1.3 0.02 0.56 

4 N 0.032 0.008 0.084055 0.236 0.247 0.549 0.011 0.159 

5 N 0.76 0.54 5.87 7.49 5.6 19.77 0.34 15.69 

5 N 0.03 0.03 0.28 0.42 0.27 1.1 0.02 0.79 

5 N 0.014 0.023 0.275011 0.401 0.222 1.002 0.013 0.03 

6 NE 0.68 0.37 3.03 1.38 3.14 9.59 0.12 15.18 

6 NE 0.074 0.03 0.15 0.08 0.17 0.55 0.006 0.52 

6 NE 0.165 0.029 0.168235 0.087 0.204 0.593 0.009 0.663 

7 NE 0.58 0.25 4.59 2.35 3.21 13.15 0.1 10.03 

7 NE 0.034 0.02 0.22 0.15 0.19 0.69 0.007 0.46 

7 NE 0.03 0.011 0.1992 0.131 0.155 0.578 0.069 0.411 

8 NE 0.07 0.06 0.71 0.15 0.4 ND 0.06 6.31 

8 NE 0.004 0.005 0.043 0.019 0.075 0.033 0.007 0.34 

8 NE 0.001 0.001 0.01441 0.005 0.038 0.018 0.006 0.251 

9 E 0.32 0.23 3.26 0.55 1.47 0.81 0.03 10.94 

9 E 0.02 0.02 0.08 0.03 0.1 0.15 0.002 0.54 

9 E 0.015 0.012 0.059871 0.042 0.102 0.242 0.002 0.521 

10 E 0.45 0.15 1.24 0.12 0.34 0.84 0.02 5.2 

10 E 0.05 0.14 0.25 0.04 0.13 0.46 0.008 1.98 

10 E 0.086 0.155 0.242172 0.032 0.128 0.496 0.008 2.388 

11 CENTER 0.42 0.33 2.26 4.33 2.46 1.76 0.27 63.88 

11 CENTER 0.034 0.03 0.26 0.49 0.23 0.42 0.025 3.57 

11 CENTER 0.086 0.032 0.205335 0.413 0.228 0.470 0.034 3.732 

12 SW 0.48 0.42 5.82 3.86 4 9.68 0.2 12.06 

12 SW 0.08 0.05 0.43 0.47 0.37 0.84 0.03 0.63 

12 SW 0.131 0.064 0.34727 0.439 0.481 1.138 0.057 1.412 

13 S 0.42 0.48 2.59 3.95 3.68 11.61 0.31 35.21 

13 S 0.043 0.05 0.29 0.33 0.27 0.83 0.05 2.62 

13 S 0.198 0.192 0.45721 2.143 1.311 2.011 0.039 0.455 

14 SE 0.04 0.05 0.19 0.17 0.25 0.63 0.01 2.27 

14 SE 0.05 0.07 0.16 0.14 0.19 0.38 0.01 0.83 

14 SE 0.023 0.056 0.12412 0.105 0.173 0.299 0.01 0.798 

15 SE 0.03 0.04 0.2 0.15 0.24 0.16 0.01 0.61 

15 SE 0.02 0.02 0.1 0.12 0.17 0.21 0.003 0.113 

15 SE 0.018 0.017 0.050033 0.074 0.142 0.172 0.003 0.270 

16 S 0.61 0.53 1.75 4.01 4.47 4.73 0.12 2.64 

16 S 0.19 0.15 0.37 1.32 0.91 1.56 0.03 0.33 

16 S 0.086 0.048 0.207604 0.310 0.297 0.859 0.027 1.557 

17 SW 0.11 0.04 0.41 1.24 0.57 1.21 0.02 0.55 

17 SW 0.13 0.04 0.37 1.11 0.53 1.16 0.02 0.53 

17 SW 0.146 0.227 0.338993 0.625 0.456 1.197 0.048 1.485 

18 SW 0.73 0.51 3.07 14.65 7.56 15.2 0.32 18.98 

18 SW 0.28 0.17 0.46 0.45 1.19 2.62 0.06 3.38 

18 SW 0.33 0.241 0.449881 0.355 1.468 3.721 0.068 5.731 

 
Table 2: Descriptive statistics of soil heavy metal concentration. 

Variables Mean Std Deviation Minimum Median Maximum Range 

Pb 0.214 0.25 0.0009 0.098 1.15 1.149 

Cu 0.133 0.15 0.0006 0.053 0.54 0.5394 

Zn 1.257 2.20 0.014 0.285 12.48 12.466 

Li 1.36 2.45 0.005 0.417 14.65 14.645 

Cr 1.09 1.62 0.038 0.335 7.56 7.522 

Ni 2.62 4.38 ND 0.82 19.77 19.77 

Co 0.06 0.09 0.002 0.026 0.34 0.338 

Mn 6.18 11.70 0.03 1.543 63.88 63.85 
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Table 3: Summary of background levels for heavy metals. 

 Pb Cu Zn Cr Ni Li Co Mn 

This study 0.214 0.133 1.257 1.36 1.09 2.62 0.06 6.18 

World Soil 

Average 

Levels 

27 38.9 70 59.5 29 21 11.3 488 

 
Table 4: Literiture data on mean concentrations (mg/kg) o common metals in various soils around Malaysia. 

Location Pb Cu Zn Cr Ni Li Co Mn Reference 

Perlis 

(Malaysia) 

0.214 0.133 1.257 1.36 1.09 2.62 0.06 6.18 This study 

Terengganu 

(Malaysia) 

105 21.3 696 - - - - 174 Foo Toon Fong 

et al, 2008 

Arau Perlis 

(Malaysia) 

19.59 3.45 18.92 10.29 - - - 76.14 J,Khairiah et al, 

2009 

Selangor 

(Malaysia) 

105 125 115 - 6.7 - 2.7 85 M.Aqeel et al, 

2010 

Sabah 

(Malaysia) 

- - 21.094 2.075 - - - 46.35 D,W,Yap et al, 

2009 

 

Pearsons Correlation Coefficient Analysis: 

 The pearson correlation between the total concentration of 8 heavy metal were analyzed. The results of 

Pearson's correlation coefficients of heavy metals in soils in Perlis are summarized in Table 5. The majority of 

the element was highly or very highly correlated with each other. A significantly positive correlation at P<0.05 

was found between heavy metal indicates that all the heavy metal was derived from the same source. As shown 

in Table 3, strong positive correlations between the metals were observed. Pb showed high or very high positive 

correlation with Zn,Li,Cr,Ni,Co (r= 0.70-0.92). Cu showed such correlations with Li,Cr,Ni,Co,Cr (r=0.736-

0.918) while Zn and Li give positive correlation with Cr,Ni,Co (r=0.725-0.852). Ni and Cr showed high positive 

correlation with Co (r= 0.84-0.92). Zn showed relatively real significant correlation (r=0.532-0.693). Mn 

showed weak to real significant positive correlation with Ni,Li,Cr,Cu,Zn,Pb (r=0.466-0.678) except with Co 

which the correlation is positively high (r=0.786). A highly positive correlation was found between Ni and 

Cr(r=0.920), Cu and Cr(r=0.918) indicating that the general contamination sources for these metals were 

primarily traffic and industrial activities (Xiaoyu Li et al,2013, Zhongping, Yang et al,2011, Wyszkowska, 

J,2002)Meanwhile, only Ni-Mn (0.466) were weakly positively correlated. From correlation coefficients, all the 

heavy metal is positively correlated to each other. The high correlations between soil heavy metals could be 

potential same sources of pollution (Xiaoping Li and Linna, Feng, 2011, L, Cai et al,2012). 

 
Table 5: Pearson correlation coefficient matrix between metals. 

 Pb  Cu  Zn  Li  Cr  Ni  Co  

Cu 0.853        

Zn  0.848  0.693       

Li 0.700  0.736  0.532      

Cr 0.821  0.918  0.725  0.852     

Ni 0.777  0.828  0.748  0.737  0.920    

Co 0.800  0.871  0.733  0.789  0.884  0.840   

Mn 0.678  0.626  0.632  0.533  0.547  0.466  0.786  

0.0 to ± 0.20 : no or slightly correlated  
±0.20 to ± 0.40 : weak correlation  

±0.40 to ± 0.70 : real significant correlation  

± 0.70 to ± 1.00 : high or very high correlation (I, Lovrencic Mikelic et al, 2013)  

 

Principal component analysis: 

 PCA was used by many authors to identify the origin of heavy metal in soil (Rodriguez et al, 2008; Lu et al, 

2012;F, Qin et al, 2014). The results of PCA are presented in Table 6. According to criteria eigenvalues higher 

than 1 and cumulative contribution rates greater than 85%, we selected four component, which accounted for 

100% of the total variation The graphic representation of these components is shown in Fig 2 (score plot) and 

Fig 3 (loading plot) depicting the association between elements.  

 Table 6 shows the factor loadings of the principal components. The first component (PC1) explained 86.6% 

of the total variance and displayed loading Mn. The graphical projection in Fig2 of the PCA results shows that 

Mn situated on the right. The second component was not related to any studied element with 11.1% of total 

variance. The third component (PC3) accounts for 1.6% of total variance and has loadings on Li (0.87) and Cr 

(0.135). Fourth component (PC4) accounts 0.7% of the total variance and loads on Pb (0.052) and Zn (0.796).In 

Fig 2 the graphical projection of the PCA results showed that Li and Cr arrow sharp downwards on right side 

together with fourth component which is Pb and Cu. The graphical projection showed that 

Cu,Pb,Co,Ni,Li,Cr,Zn was grouped in 1 group meanwhile Mn stand alone in one group. Further analysis is done 
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by cluster analysis to analyzed the Pb,Cu and Co that overlap in loading plot and reveal the similarity of the 

elements.  

 

Cluster analysis: 

 Additionally, CA was performed for confirming results obtained by PCA and provided grouping of 

variables (Chen et al, 2008, E, Kelepertzis, 2014). A cluster analysis was carried out on the concentration of 

heavy metal in soil by using minitab 16 software. The result of CA are shown in Fig 3 as a dendogram that 

enabled the identification of 4 major groups metals describing different sources that influence contamination of 

heavy metals. The result is shown in Fig 4 that groups all of the soil samples into four statistically significant 

clusters. Pb and Zn form cluster 1. Cluster 2 Cu,Ni,Co and cluster 3 in Li and Cr. This two cluster was a 

subcluster from division of main cluster, it illustrating that possible of pollution sources are same and it mainly 

affected by natural origin such as from parent material rock (F, Qin et al, 2014). Meanwhile cluster 4 consist 

Mn. 

 
 

Fig. 2: Score plot of PCA.    Fig. 3: Loading plot of PCA. 

 
Table 6: Matrix of principal component analysis for concentration of Perlis soil (significant loading factors are marked in bold). 

Variable PC1 PC2 PC3 PC4 

Pb 0.015 -0.027 -0.013 0.052 

Cu 0.009 -0.019 0.005 -0.003 

Zn 0.124 -0.236 -0.537 0.796 

Li 0.120 -0.322 0.807 0.410 

Cr 0.083 -0.272 0.135 0.068 

Ni 0.198 -0.833 -0.204 -0.431 

Co 0.006 -0.009 0.004 -0.005 

Mn 0.961 0.267 -0.001 -0.072 

Eigenvalue 149.66 19.12 2.69 1.22 

Variance % 86.6% 11.1% 1.6% 0.7% 

Cumulative % 86.6% 97.6% 99.2% 99.9% 

Cluster 1  
Pb Zn  

Cluster 2  

Cu Ni Co  
Cluster 3  

Li Cr  

Cluster 4  
Mn 

 
 

Fig. 4: Dendogram of cluster analysis. 
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4. Discussion: 

Heavy metal concentration in soil:  

 All 8 heavy metals concentration in soil in Perlis state that been analyzed were below background values 

from world (Kabata-Pendias, A, 2011). All soils samples give different heavy metal concentration according to 

different sampling site that might relate with different sources. Pb and Zn give high of heavy metal values in 

station 3 with located in main road that everyday having heavy loaded of huge vehicle pass by. As reported by 

X.Li et al.(2013) Pb are mainly originated from transportation activity (A, Mandal et al,2011) and also from 

residential areas. It was found from the concentration patterns of 8 heavy metals studied in Perlis that 

anthropogenic factors played an important role in the concentrations of Pb, Cr, Ni, Li,Zn Mn but natural factors 

were also significant. The elevated of these elements are due to the emissions from transportation and various 

industrial activities located near sampling sites shown in Figure 1 such as cement, sugar, quarry industries and 

major roads. Meanwhile, Cr, Ni and Mn found high in environment from air and water erosion of rocks, power 

plants, and industrial (cement, quarry, metal casting, chemical) and transportation (Xiaoyu, Li et al,2013, 

Zhongping, Yang et al,2011, Wyszkowska, J,2002, B, A, Adelekan and K, D, Abegunde,2011, Sarkar, KS et 

al,2004). Mn and Li in all samples lower than corresponding reference values in Table 1, indicating that they 

were mainly originated from natural sources. As reported by X.Li et al. (2013), major sources of Mn are natural 

factors such as soil parent materials (Xiaoyu, Li et al, 2013) Co is present in our environment through coal 

combustion from industrial area and also in chemical industry. Co concentration is relatively high because of 

cement dust and transportation activities, which are in agreement with previous study (Barbara, Jankiewicz and 

Dorota, Adamczyk, 2010, S,S, Al-Oud et al,2011) besides it, occur naturally in the soil (Franky, S et al, 2011). 

Descriptive statistics for the data set of 8 variables were analyzed. In addition, the standard deviation values 

were very close to the average values for many variables (Pb, Cu, Co), and some were even found to be higher 

(Zn, Cr, Ni, Li and Mn). This situation indicated that the observation values were significantly different than the 

mean (i.e, the variability was very high). This means that the soil samples taken from different locations were 

differently characterized by their heavy metal content. Overall, the study area was slightly contaminated with 

heavy metals pollution release from anthropogenic activity that emit in sampling station. Eventhough the values 

less than background level but it considered as contaminated by anthropogenic sources beside attribute from 

natural rock. In order to confirm the influencing factor or sources, this study proceeds with correlation 

coefficient, principal component analysis and cluster analysis.  

 

Relationships between elements: 

 Contamination in industrial areas cause severe environmental problem to the surrounding environment (Q, 

Zhang et al, 2014). Pearson's correlation coefficient r, be used to measure the degree of correlation between the 

metal data and can provide suggestive information regarding heavy metal sources and pathways (Zhongping, 

Yang et al,2011). The Person’s correlation coefficients for 8 heavy metals are presented in Table 5. The strong 

positive correlations (p<0.05) among Pb,Cu,Zn,Li,Cr,Ni,Co,Mn show a similarity based on activity in each 

station such as industrial, agriculture and transportation activity indicating common pollution sources (F,Qin et 

al, 2014). Significantly higher Pb,Cu,Zn,Li,Cr,Ni,Co,Mn contents in topsoil compared from second and third 

depth of Perlis soils (Table 1) were attributed to strong influence from anthropogenic activity and natural origin. 

This was supported by result presented in Fig 3,4 and 5, where all these elements were grouped based on 

agricultural, industrial and residential areas that might influence concentration of these 8 elements in soil. Pb 

correlation with Cu,Zn,Li,Cr,Ni,Co and Mn were as follows : r=0.853, r=0.848, r= 0.700, r= 0.821, r= 0.777, r= 

0.800, r= 0.678 respectively. Cr correlation with Cu an Ni were very high (r= 0.918 and r= 0.920 respectively) 

while with Mn it was somewhat lower (r= 0.547). Results of a strong Pearson correlation was found between 

metals which indicated that contaminants come from similar sources (Shen et al, 2009).  

 

Metal source identification using PCA:  

 The majority of elements in the soil samples of Perlis state area showed lower mean values than the average 

values of respective elements found in literature for the soil in Malaysia. Cr mean value determined for studied 

soils from Perlis state was generally close to the average Cr content in paddy soil in Terengganu reported by 

J,Khairiah, et al. (2012) (Table 4). This result relate with PCA that showed Cr might influence from agricultural 

areas where Perlis majority agriculture activity is based on paddy plantation as shown in study area map Fig 1.  

 Multivariate analysis was the final method applied in this study to graphically identify the anomalous 

points. In this study we used PCA and CA to investigate more on sources of contamination in soil. The PCA 

method has been used s a tool for data reduction in several study such as F,Rahmanipur et al. (2014); Qi et al. 

(2009). This tool is inexpensive and requires minimal infrastructure that can be easily adopted for conducting a 

research (F,Ramanipour et al, 2014). The findings obtained by calculating the descriptive statistics of the 

selected variables were given in Table 2. Then PCA was computed using mean centering data. PCA is an 

intermediate step for more extensive investigations (D,Bingol et al, 2013). The PCA allowed the information 

contained in a complex database to be simplified and to highlight the major sources influence concentration of 
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metals (D,Bingol et al, 2013). It is a good tool in preliminary surveys for the identification of sites affected by 

the same contamination sources.  

 In this study PCA was used to identify the origin of heavy metal in the soil, and the percentage of variance 

are presented in Table 6. From this table four principal components were extracted. The PC1 with 86.6% 

heavily loaded on Mn. When referring to comparisons with background level of heavy metal in soil, all element 

were relatively low compared with background values thus they can be classified as naturally produce from 

parent material but there is possibility of contribution of anthropogenic activity in heavy metal concentration in 

study area. The graphical projection in Fig2 of the PCA results shows that Mn arrow angles were sharp and 

strongly related to first component axis. This relate with correlation coefficient of Mn between other metals 

which slightly low but real significant (r=0.786-0.46). Mn-Co correlation relatively high with r= 0786. 

Meanwhile Cu and Co arrow overlap with Pb arrow but the arrow is on the right side which positively correlates 

with Mn. This indicates there were likely to be mainly from different sources. Mn,Cu and Co are likely 

influence by anthropogenic sources that release in the study area such as industrial discharge, vehicular emission 

as been discovered by other study (B,A,Adelekan and K,D,Abegunde, 2011, Foo Toon Fong et al, 2008, 

A,Mandal et al, 2011). PC2 was not related to any studied element eventhough it eigenvalues is greater than 1. 

This is because none of the PC data in PC2 highest than 3 other PC, thus cluster analysis will be used for further 

analysis about this issue. PC3 showed Li (0.87) and Cr (0.135) had a sharp arrow downwards (Fig 2) in relation 

to first component and the mean Li and Cr concentration low (see Table 2), indicating this element probably 

present at natural background, controlled by parent material which similar with previous study (L,Zhao et al, 

2014). Chromium is one of those heavy metals the environmental concentration of which is steadily increasing 

due to industrial growth ( B,A,Adelekan and K,D,Abegunde, 2011) besides, it also derived from natural rock 

and bound in soil (L,Zhao et al, 2014). Fourth component (PC4) accounts 0.7% of the total varience and has 

loadings on Pb (0.052) and Zn(0.796). Eventhough, Pb arrow not clearly seen but the source of these element is 

probably same because when referring to correlation coefficient of these to element it categorized as high or 

very high correlation with r= 0.848 indicates that Pb and Zn emit from same source. When referring to study 

area map and concentration of Pb and Zn show high in main road that heavily load with vehicular traffic. 

According to Foo Toon Fong et al. (2008), elevated of Pb and Zn are due to anthropogenic input such as 

vehicular traffic and metal corrosion since there are no major industrial activities in Kuala Terengganu. Results 

of the PCA showing the relationships between the researched elements are given in Fig 2 and 3.  

 Most soil study area was clustered on the left of Fig 2, indicating that soil samples were not seriously 

contaminated with heavy metals. Station 11 (center of Chuping industrial area) were at the upper right corner of 

the figure and clearly contained high Mn concentration. Ni,Co,Cr concentrations were high at station 4,5,7,16 

and this was attributed from vehicular emission and parent material. Meanwhile, Li and Cr found high at station 

12 and 18 where those areas consist of power plant and transportation of vehicular and ferry. Fig 2 showed that 

Pb,Zn high in site 3 and 6 and likely come from anthropogenic sources, such as traffic emission and industrial 

emission as has been found in previous studies in other areas (B,A,Adelekan and K,D,Abegunde, 2011; 

A,Mandal et al, 2011; Foo Toon Fong et al, 2008, Franky,S, et al, 2011). Huge amounts of heavy metal 

emissions have caused Pb,Zn contamination around industrial area in Perlis state. All element when comparing 

the concentration value with World average soil value is slightly low but still high and need for further attention 

except for Mn which relatively low comparing the reference value. Thus it show that Mn comes from natural 

sources. Further analysis is done by cluster analysis to analyzed the Pb,Cu and Co that overlap in loading plot 

and reveal the similarity of the elements. Besides cluster analysis will resolve problem in PC2.  

 

Cluster analysis: 

 The purpose of CA used to classify the heavy metals and identify possible sources (anthropogenic or 

natural) (Xiaoping,Li and Linna,Feng, 2012). PCA is used primarily to determine general relationships between 

data. CA is often coupled with PCA to check results and to group individual parameters and variables 

(G,L,Yuan et al, 2013). A dendrogram is the most commonly used method of summarizing hierarchical 

clustering (Lu et al, 2010). This technique is an unsupervised classification procedure that involves a 

measurement of the similar properties to classify as a cluster. This step continues until all variables were 

classified as cluster (G,L,Yuan et al, 2013). Soil samples were classified using the Ward algorithm with a 

clustering analysis (CA). CA was used to assess the spatial similarity or dissimilarity in soil samples according 

to heavy metals and sources (Malik and Nadeem, 2011). CA was carried out using the first four principal 

components, explaining 86.6% of the total variance. 8 heavy metals were classified and merged into cluster. The 

result is shown in Fig 4 that groups all of the soil samples into four statistically significant clusters. The 

dendogram showed that the number of cluster was four. Mn cluster alone in Cluster 4 similar with PCA result 

which is grouped in PC1. This proved that Mn is mainly affected from natural origin. Pb and Zn form cluster 1 

similar with PC4 (Pb and Zn). Meanwhile Cluster 2 and cluster 3 consist Cu,Ni,Co and Li, Cr respectively. 

Cluster 3 that consist Li and Cr match with PC 4 which the loading consist Li and Cr. The cluster 2 and 3 been 

divided into two subclusters, it illustrating that possible of pollution sources are same and it mainly affected by 
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anthropogenic sources with addition from natural origin such as from parent material rock (F,Qin et al, 2014). 

All element in cluster 2 and 3 been categorized in same cluster because the angles in loadings plot is close 

besides the correlation between Cu,Ni,Co,Li and Cr is grouped in high to very high correlation,(r=0.737- r= 

0.920). Thus, it proves that these elements emit from similar pollution source.  

 

5. Conclusion: 

 The present study examined the content of metals in the soils in Perlis, northwest Malaysia. Major elements 

in soils were also analyzed, including Cu, Pb, Zn, Cr, Ni, Li and Mn. However, the concentrations of heavy 

metals in soils from Perlis were generally lower comparing with background values but it not indicate that the 

anthropogenic sources not participate in accumulation influence on the content of heavy metals. Thus 

correlation coefficient analysis of 8 elements was conducted and resulted majority of the element was highly or 

very highly correlated with each other. A significantly positive correlation at P<0.05 was found between all 

elements. A highly positive correlation was found between Ni and Cr(r=0.920), Cu and Cr(r=0.918) indicating 

that the general contamination sources for these metals were primarily traffic and industrial activities. 

Meanwhile, only Ni-Mn (0.466) was weakly positively correlated. From correlation coefficients, all the heavy 

metal is positively correlated to each other. The high correlations between soil heavy metals could be potential 

same sources of pollution. From the chemometric evaluation of heavy metal sources, the first group contains 

Ni,Cr, Co which correlated at station 4,5,7,16 and all this station release pollution from industrial discharges 

(cement, chemical and quarry plant), vehicular emission and parent material. Meanwhile, Li and Cr found high 

at station 12 and 18 where those areas consist of power plant and transportation of vehicular and ferry. Pb and 

Zn high in site 3 and 6 and likely come from anthropogenic sources, such as traffic emission, industrial emission 

and agriculture. Mn originated from natural parent rock based on cluster analysis and correlation coefficient 

with other element. From chemometric analysis, the contributors of heavy metal content in soil can be determine 

and specify with correlation relationship between each heavy metal with sources. 
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