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Abstract 

 

Source apportionment of acid deposition has now become an increasingly important and significant 

tool for current perspectives of acid deposition situation since identification of various source characteristics of 

acid deposition is important and necessary for policy makers to implement further control strategies 

appropriately. This research study aims to compare the aerosol and rain water components monitoring dataset 

collected from different 4 monitoring stations in Thailand from 2001 to 2011 (1. urban site (Public Relation 

Department station in Bangkok) 2. rural site (Mae Hia station in Chiang Mai province) 3. industrial site 

(Chonburi station in Chonburi province) and 4. rural site (Sakaerat station in Nakhon Ratchasima province)). 

The statistical instruments which are the Principal Components Analysis (PCA) and the Positive Matrix 

Factorization (PMF) were applied for identifying potential source types and generate modeled source profiles of 

acid depositions. The findings of this study could help to comprehend the most potential sources of acid 

deposition and their characteristics in different monitoring stations and periods. 
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1. Introduction 

 

As a national focal point of the Acid Deposition Monitoring Network in East Asia (EANET), Thailand 

by the Pollution Control Department (PCD) has established an acid deposition monitoring stations firstly since 

2001 in order to monitor acid deposition situations in Thailand and collaborate with the acid deposition 

measurement networks across the 13 member countries in the East Asia region. Recently, 11 acid deposition 

monitoring stations totally have been operated in Thailand which 6 of those were designated for EANET and the 

EANET Research Fellowship Program 2012 



 

 

wet and dry depositions including precipitations data have been measured and collected. Those monitoring data 

are required and very important to evaluate acid deposition situations, to develop control programs, to evaluate 

risk to human health and to evaluate a success of those control strategies as well. However, analyzes and 

interpretations of the collected monitoring data are limited and lacking of skills and experience in Thailand. 

Therefore, applying and experience in analyze and interpretation techniques including statistic instruments are 

needed and required for the acid deposition evaluation, not only on the acid deposition situations but also 

identifying the potential sources of acid deposition in Thailand. 

In recent years, factor analysis has become an important statistical instrument of investigation in 

modern science, being an adequate tool to investigate the principles of interaction of components and their 

integration into a system. Also, a higher level of data interpretations and analyzes techniques have been applied 

to acid deposition studies presently such as the Principal Components Analysis (PCA), Positive Matrix 

Factorization (PMF) and Chemical Mass Balance (CMB) receptor models. The use of statistical methods are 

different by types; however; one of the most important advantages of PMF is the inclusion of uncertainties in 

the model that allows us to apply different weights to different variables, taking into consideration the lack of 

precision of the analytical methods; thus it selects only rotated solutions with positive contributions from the 

sources. Other advantage is that PMF can identify potential sources of interested pollutants and provide the 

contribution of each source in absence of prior information on sources (Paatero et al., 2005). Also PMF 

identifies and quantifies sources relatively faster than other models such as CMB and PCA. In particular, the 

PCA analysis has been applied previously to many research studies in Thailand to identify the potential sources 

of acid depositions and their characteristics in different areas. (Thepanondh, 2005; Panyakapo et al., 2007; 

Onchang and Sato, 2009 and Sillapapiromsuk et al., 2010) 

This research study aims to compare the aerosol and rain water components monitoring dataset 

collected from different 4 monitoring stations in Thailand between 2004 to 2008 and to apply the statistical 

instruments which are the Principal Components Analysis (PCA) and the Positive Matrix Factorization (PMF) 

for identifying potential source types and generate modeled source profiles of acid depositions. Source 

apportionment of acid deposition has now become an increasingly important and significant tool for current 

perspectives of acid deposition situation since identification of various source characteristics of acid deposition 

is important and necessary for policy makers to implement further control strategies appropriately. The findings 

of this study could help to comprehend the most potential sources of acid deposition and their characteristics in 

different monitoring stations and periods.  

 

2. Experimental Methods 

 

2.1 Sampling sites 

The monitoring dataset of aerosol and rain water components were collected from different 4 

monitoring stations since 2001 to 2010 in Thailand which are 1) urban site (Public Relation Department station 

in Bangkok) 2) rural site (Mae Hia station in Chiang Mai province) 3) industrial site (Chonburi station in 



 

 

Chonburi province) and 4) rural site (Sakaerat station in Nakhon Ratchasima province) (Figure 1). The aerosol 

and rain water components were measured following the EANET technical guidelines (EANET, 2003). The 

aerosol samples were sampling by filter pack as 10 days basis and the rain water samples were sampling as daily 

basis of the raining day in a year. The collected samples were analyzed for wet ionic species (nss-SO4
2-, ss-SO4

2-, 

NO3
-, Cl-, NH4

+, Na+, K+, Mg2+, nss-Ca2+, ss-Ca2+ and H+) and dry ionic species  (nss-SO4
2-, ss-SO4

2-, NO3
-, Cl-, 

NH4
+, Na+, K+, Mg2+ and Ca2+) using ion chromatography. The data quality was also determined by checking 

ion balance using the principle of electro-neutrality in precipitation water (cation and anion balance, R1) and by 

comparing measured and calculated conductivities (R2) following the QA/QC criteria of EANET (EANET, 

2000). 

 

 
Figure 1. Location of selected aerosol and rain water compositions monitoring stations. 

 



 

 

2.2 Positive Matrix Factorization Receptor Model (PMF) 

In order to generate modeled source profiles, Positive Matrix Factorization (PMF) version 3.0 by US 

EPA was performed on the complete data sets of aerosol and rain water components collected in 2004 and 2008 

from each of the four monitoring stations in Thailand. PMF is one of many solutions to the CMB equations and 

it uses time series of data to constrain the source profiles as well as the source contributions. A solution is 

selected as modeled factors are associated with source types based on a comparison of their dominant chemical 

components with measured source profiles (US EPA, 2008).  The PMF assumes that concentrations at receptor 

sites are impacted by linear combinations of source emissions, which are derived as factors in the model. Thus, 

model supposes there are p sources impacting a receptor, and linear combinations of the impacts from the p 

sources give rise to the observed concentrations of the various species (Paatero et al., 2005). 

 

Mathematically can be written as: 

 

      (1) 
where Xij is the (i x j) matrix of ambient concentrations of j species on the i days, Gik is the (i x k) 

matrix of sources contributions of k factors on i days, Fkj is the (k x j) matrix of source profiles of k factors that 

is species j, and Eij is the (i x j) matrix of residuals not fitted by the model. The task of PMF model is to 

minimize the Q function using constrained, weighted least–squares. This function is defined as: 

    (2) 

To perform the PMF model, a qualitative knowledge of the sources is only required, however PMF 

model also has limitations such as inability to clearly separate covariant sources. It is remarkable that PMF 

factors only reveal species temporally covary and thus the model will group them. However, temporal 

variability of a pollutant concentration is not solely determined by changes in emissions, as PMF model assumes, 

so we should not link the factors to source profiles directly, although many studies refer the PMF factors as 

sources. PMF requires two input files, one file with the concentrations and one with the uncertainties associated 

with those concentrations. The selection of modeling parameters and number of factors is not straightforward 

and is still largely affected by the experience of authors (Paatero et al., 2003). 

The PMF Model has been widely used in previous studies to identify the number of possible sources 

having a major influence on air pollution problems in many countries. (For example: Troussier et al., 2007; 

Raman and Hope, 2007; Kitayama et al., 2008; Zhang, 2009; Thornhill et al., 2010; Oh et al., 2011; Pindado et 

al., 2011). 



 

 

2.3 Principle Component Analysis (PCA) 

As a statistical instrument, Factor Analysis Multiple-Regression (FA-MR) is a receptor modeling 

technique employed to apportion the contributing sources to ambient pollution. One such technique of factor 

analysis is the principal component analysis (PCA). The objective of applying PCA is to derive a small number 

of components, which explain a maximum of the variance in the data. In this study, factor analysis PCA was 

applied to dataset of aerosol and rain water components data of dry and ionic species of the 4 monitoring 

stations in 2004 and 2008 to identify their potential sources and the different of their characteristics. Initial 

factors were extracted from a matrix of correlations. Factors with eigenvalues over than 1 were considered for 

varimax rotation to obtain the final factor matrix, retaining unities in the principal diagonal of the correlation 

matrix. A loading factor which greater than 0.70 was considered to be important in this study. Factor analysis 

was carried out by the principle component method using the statistical package – SPSS version 17 for 

Windows. This method has been widely used in previous studies to identify the number of possible sources 

having a major influence on air pollution problems ( for example, Zunckel et al., 2003; Thepanondh et al., 2005; 

Seto et al., 2007; Reff et al., 2007; Zhang et al., 2007; Panyakapo and Onchang, 2008; Viana et al., 2008; Oh et 

al., 2011).  

2.4 Source Analysis of Major Ionic Compositions 

In order to identify potential source types, the resolved sources profiles from the operation of PMF 

Model and the PCA analysis were compared with all known profiles obtained from previous research studies  

and the identification of sources was based on the presence of dominant ionic species to indicate the potential 

sources of ionic species in aerosol and rain water samples which are combustion process (nss-SO4
2- and NO3

-), 

marine contribution (ss-SO4
2-, ss-Ca2+, Na+ and Cl-), biomass burning (K+) and crustal source (nss-Ca2+ and 

Mg2+) (Fujita et al., 2000; Yamasoe et al., 2000; Okay et al., 2002; Migliavacca, 2004; Panyakapo et al., 2006; 

Sanmanee et al., 2007). The combustion process was characterized by the presence of SO4
2-

 and NO3
- in high 

concentration (Sunder Raman and Hope, 2007). High concentration of ss-SO4
2-, ss-Ca2+, Na+ and Cl- indicates 

for marine contribution and K+ might be also considered as a chemical signature of biomass burning since K+ 

occurs usually in coarse particles in soil, while fine particles of K+ resulted from the wood combustion. NH4
+ 

has been indicated for the agricultural source. Also, nss-Ca2+ and Mg+2 have been best suited for soil dust source. 

The tracer associated with this profile clearly supports the existence of soil and dust re-suspension sources 

(Khare et al., 2004; Zunckel et al., 2003).  

 

3. Results 

 

In this research study, the dataset of the dry ionic species (9 species; nss-SO4
2-, ss-SO4

2-, NO3
-, Cl-, 

NH4
+, Na+, K+, Mg2+ and Ca2+) and the wet ionic species (11 species; nss-SO4

2-, ss-SO4
2-, NO3

-, Cl-, NH4
+, Na+, 

K+, Mg2+, nss-Ca2+, ss-Ca2+ and H+) collected from the different 4 acid deposition monitoring stations in 2004 

and 2008 (only at Sakaerat station collected in 2006 and 2008) were computed by the PCA analysis and the 

PMF Model in order to compare the concentrations and to identify the potential sources and the different of their 



 

 

characteristics in different periods. The number of factors or potential sources statistically determined is highly 

dependent on number of aerosol samples and rain water samples of each monitoring sites, number of ionic 

species, various local and regional environments and study scopes (Oh et al., 2011) In case of the PCA analysis, 

factors with eigenvalue greater than 1 were considered for varimax rotation to obtain the final factor matrix. 

After rotation of the factor-loading matrix, the factors were interpreted as origins or common sources assuming 

that the inter-correlations among the original variables were generated by a smaller number of unobserved 

factors. For the PMF Model, the number of factors was selected after evaluating the following steps: a) signal to 

noise of the input variable was carefully examined and values less than 0.2 were recorded as bad, 0.2 to 2 were 

recorded as weak and above 2 were recognize as strong, b) the goodness-of-fit parameters, i.e., Q (robust) and Q 

(true) were optimized changing the number of factors and compared with Q (theoretical) (US EPA, 2008). 

3.1 Urban site: Public Relation Department station in Bangkok 

The varimax-rotated PCA and PMF Model were performed using the dataset of the dry and wet ionic 

species collected at the Public Relation Station in Bangkok, compared between dataset in 2004 (dry ionic 

species, n = 20 and wet ionic species, n = 35) and in 2008 (dry ionic species, n = 72 and wet ionic species, n = 

62). The obtained results of the PCA and the PMF Model operations are shown in Table 1 to Table 4 and in 

Figure 2 to Figure 5, respectively. 

Table 1 shows the identification of 3 factors of the dry ionic species in 2004 computing by the PCA 

analysis, explaining about 89.5% of the data variance as well as loading greater than 0.7. The first factor 

displays high loading level, accounting for 50.07% of nss-SO4
2-, NO3

-, Cl- and K+ indicating of combustion 

process, biomass burning and marine contribution sources. Factor 2 explains 23.66% of the variance proving 

correlation of ss-SO4
2- and Na+ which represented for marine contribution source. The third factor contributes 

15.77% of the variance and shows NH4
+ and Ca2+ as significant. This significantly indicates cation distributions 

from crustal and agricultural activities. Figure 2 shows the results of the dry ionic species dataset in 2004 using 

the PMF Model, found 3 factors representing for 3 potential sources. The dominant species of the factor 1 were 

nss-SO4
2-, Cl- and K+, respectively which indicated for combustion process, marine contribution and biomass 

burning sources. The factor 2 was composed of nss-SO4
2-, Ca2+ and NH4

+ proving ionic distribution from 

combustion process, crustal and agricultural activities. The factor 3 contributes for NO3
- and Na+ indicating for 

combustion process and marine contribution. 

Table 1. Varimax-rotated PCA of dry ionic species at the Public Relation Department 

in Bangkok in 2004. 

Component Factor 1 Factor 2 Factor 3 

nss-SO4
2- 0.763  0.616 

ss-SO4
2-  0.978  

NO3
- 0.793 0.270 0.218 

Cl- 0.971   

NH4
+   0.910 



 

 

Na+  0.978  

K+ 0.955 0.257  

Mg2+ 0.481 0.676  

Ca2+ 0.247  0.898 

Eigenvalue 4.506 2.130 1.420 

Variance (%) 50.072 23.664 15.775 

Cumulative (%) 50.072 73.736 89.511 

Possible source Combustion 

process 

Biomass burning

Marine 

contribution 

 

Marine 

contribution 

Agricultural 

Crustal 

 

 
   F1 = Combustion process/marine contribution/Biomass burning 

   F2 = Combustion process/crustal 

   F3 = Combustion process/marine contribution 

Figure 2. Source profiles of dry ionic species at the Public Relation Department in 

Bangkok in 2004. 

Table 2 shows the identification of 3 factors of the dry ionic species in 2008 computing by the PCA 

analysis, explaining about 88.01% of the data variance as well as loading greater than 0.7. The first factor 

displays high loading level, accounting for 59.19% of nss-SO4
2-, NO3

-, Ca2+ and K+ indicating of combustion 

process, biomass burning, crustal and marine contribution sources. Factor 2 explains 16.91% of the variance 
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proving correlation of ss-SO4
2-, Cl- and Na+ which represented for marine contribution. The third factor 

contributes 11.91% of the variance and shows NH4
+ as significant. This significantly indicates cation 

distributions from agricultural activities. Figure 3 shows the results of the dry ionic species dataset in 2008 using 

the PMF Model, found 3 factors representing for 3 potential sources. The dominant species of the factor 1 were 

NO3
- and Na+, respectively which indicated for combustion process and marine contribution sources. The factor 

2 was composed of nss-SO4
2- NO3

- and Ca2+ proving ionic distribution from combustion process and crustal. 

The factor 3 contributes for nss-SO4
2-, NO3

- and NH4
+ indicating for combustion process and agricultural 

activities. 

Table 2. Varimax-rotated PCA of dry ionic species at the Public Relation Department in 

Bangkok in 2008. 

Component Factor 1 Factor 2 Factor 3 

nss-SO4
2- 0.922   

ss-SO4
2- 0.401 0.891  

NO3
- 0.774 0.429  

Cl-  0.718 0.547 

NH4
+   0.955 

Na+ 0.401 0.891  

K+ 0.847 0.271  

Mg2+ 0.436 0.502 0.640 

Ca2+ 0.920  0.231 

Eigenvalue 5.327 1.522 1.072 

Variance (%) 59.188 16.914 11.912 

Cumulative (%) 59.188 76.101 88.013 

Possible source Combustion 

process 

Biomass burning

Crustal 

 

Marine 

contribution 

Agricultural 

 



 

 

 
F1 = Combustion process/marine contribution 

F2 = Combustion process/crustal 

F3 = Combustion process/agricultural 

Figure 3. Source profiles of dry ionic species at the Public Relation Department in 

Bangkok in 2008. 

Table 3 shows the identification of 2 factors of the wet ionic species in 2004 computing by the PCA 

analysis, explaining about 89.10% of the data variance as well as loading greater than 0.7. The first factor 

displays high loading level, accounting for 71.80% of nss-SO4
2-, NO3

-, nss-Ca2+ NH4
+, H+ and K+ indicating of 

combustion process, crustal ,agricultural activities, acid  and biomass burning, respectively. Factor 2 explains 

17.29% of the variance proving correlation of ss-SO4
2-, Cl-, Na+, Mg2+ and ss-Ca2+ which represented for marine 

contribution and crustal. For the results of the PMF Model, Figure 4 shows the results of the wet ionic species 

dataset in 2004, found 3 factors representing for 3 potential sources. The dominant species of the factor 1 were 

nss-SO4
2-, NO3

-, NH4
+ and nss-Ca2+, respectively which indicated for combustion process ,agricultural activities 

and crustal. The factor 2 was composed of nss-SO4
2- NO3

-, NH4
+ and K+ proving ionic distribution from 

combustion process, agricultural activities and biomass burning. The factor 3 contributes for Cl- and Na+ 

indicating for marine contribution. 

Table 3. Varimax-rotated PCA of wet ionic species at the Public Relation Department 

in Bangkok in 2004. 

Component Factor 1 Factor 2 

nss-SO4
2- 0.912 0.346 

ss-SO4
2- 0.269 0.961 

NO3
- 0.906  

Cl- 0.305 0.948 
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Dry ionic species in 2008 (Public Relation Department 
station)
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NO3-
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Mg2+

Ca2+

Unit = µg m‐3



 

 

NH4
+ 0.852 0.429 

Na+ 0.269 0.961 

K+ 0.858 0.376 

Mg2+ 0.612 0.733 

nss-Ca2+ 0.851 0.217 

ss-Ca2+ 0.269 0.961 

H+ 0.714  

Eigenvalue 7.899 1.903 

Variance (%) 71.807 17.297 

Cumulative (%) 71.807 89.104 

Possible source Combustion process 

Biomass burning 

Crustal 

Agricultural 

 

Marine contribution 

 

 
F1 = Combustion process/agricultural/crustal 

F2 = Combustion process/agricultural/acid 

F3 = Marine contribution 

Figure 4. Source profiles of wet ionic species at the Public Relation Department in 

Bangkok in 2004. 

Table 4 shows the identification of 2 factors of the wet ionic species in 2008,computing by the PCA 

analysis, explaining about 85.53% of the data variance as well as loading greater than 0.7. The first factor 
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displays high loading level, accounting for 68.59% of ss-SO4
2-, Cl-, Na+, Mg2+, nss-Ca+ and ss-Ca2+ indicating of  

marine contribution and crustal, respectively. Factor 2 explains 16.94% of the variance proving correlation of 

nss-SO4
2-, NO3

-, NH4
+, K+ and H+ which represented for combustion process, agricultural activities, biomass 

burning and acid. 

For the results of the PMF Model, Figure 5 shows the results of the wet ionic species dataset in 2008, 

found 3 factors representing for 3 potential sources. The dominant species of the factor 1 were NH4
+ and H+, 

respectively which indicated for agricultural activities and acid. The factor 2 was composed of Cl- and Na+ 

proving ionic distribution from marine contribution. The factor 3 contributes for NH4
+, NO3

- and nss-SO4
2- 

indicating for agricultural activities and combustion process. 

Table 4. Varimax-rotated PCA of wet ionic species at the Public Relation Department 

in Bangkok in 2008. 

Component Factor 1 Factor 2 

nss-SO4
2- 0.446 0.859 

ss-SO4
2- 0.954 0.225 

NO3
- 0.328 0.898 

Cl- 0.931 0.287 

NH4
+ 0.351 0.831 

Na+ 0.954 0.225 

K+ 0.459 0.766 

Mg2+ 0.887 0.424 

nss-Ca2+ 0.797  

ss-Ca2+ 0.954 0.225 

H+  0.695 

Eigenvalue 7.545 1.864 

Variance (%) 68.592 16.941 

Cumulative (%) 68.592 85.533 

Possible source Marine contribution 

Crustal 

Combustion process 

Biomass burning 

Agricultural 

Acid 

 

 



 

 

 
F1 = Combustion process/agricultural/acid 

F2 = Marine contribution 

F3 = Agricultural/combustion process/crustal 

Figure 5. Source profiles of wet ionic species at the Public Relation Department in 

Bangkok in 2008. 

The number of factor loading and potential source obtained from the computing of the PCA analysis 

and the PMF Model using the dry and wet ionic species in 2004 and 2008 were similar to research findings of 

the previous studies by Thepanondh et al., 2005; King Mongkut’s University of Technology Thonburi 

(KMUTT) that reported up to 2-4 factors for the potential sources of ionic species in Bangkok as a 

representative for urban area and the dominant source is mobile source. Also, 5 dominant potential sources have 

been found such as combustion process, marine contribution, agricultural activities, biomass burning and crustal. 

The dominant ionic species were nss-SO4
2-, NO3

- and NH4
+, respectively which indicated for the contribution of 

mobile source and agricultural activities. The obtained results indicated a significantly contribution of a mixed 

potential sources and an independent source in Bangkok. 

3.2 Rural site: Mae Hia station in Chiang Mai province 

The varimax-rotated PCA and PMF Model were performed using the dataset of dry and wet ionic 

species collected at the Mae Hia station in Chiang Mai, compared between dataset in 2004 (dry ionic species, n 

= 31 and wet ionic species , n = 36) and in 2008 (dry ionic species, n = 110 and wet ionic species, n = 132).  

The obtained results of the PCA and the PMF Model operations are shown in Table 5 to Table 8 and in Figure 6 

to Figure 9, respectively. 

Table 5 shows the identification of 3 factors of the dry ionic species dataset in 2004, explaining about 

91.25% of the data variance as well as loading greater than 0.7. The first factor displays high loading level, 

accounting for 43.02% of ss-SO4
2-, Cl-, Na+ and K+ indicating of marine contribution and biomass burning. 
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Factor 2 explains 30.37% of the variance proving correlation of NO3
-, Mg2+ and Ca2+ which represented for 

combustion process and crustal. The third factor contributes 17.86% of the variance and shows nss-SO4
2- and 

NH4
+ as significant. This significantly indicates ionic distributions from combustion process and agricultural 

activities. Figure 6 shows the results of the dry ionic species dataset in 2004 computing by the PMF Model, 

found 3 factors representing for 3 potential sources. The dominant species of the factor 1 was NH4
+ which 

indicated for agricultural activities. The factor 2 was composed of nss-SO4
2-, proving ionic distribution from 

combustion process. The factor 3 contributes for nss-SO4
2- and NO3

- indicating for combustion process. 

Table 5. Varimax-rotated PCA of dry ionic species at the Mae Hia station in Chiang 

Mai province in 2004. 

Component Factor 1 Factor 2 Factor 3 

nss-SO4
2-   0.945 

ss-SO4
2- 0.992   

NO3
-  0.877  

Cl- 0.986   

NH4
+  0.218 0.920 

Na+ 0.992   

K+ 0.860 0.420  

Mg2+  0.888  

Ca2+ 0.250 0.904 0.265 

Eigenvalue 3.872 2.734 1.608 

Variance (%) 43.022 30.373 17.863 

Cumulative (%) 43.022 73.395 91.259 

Possible source Marine 

contribution 

Biomass burning

Combustion 

process 

Crustal 

 

Combustion 

process 

Agricultural 

Table 6 shows the identification of 3 factors of the dry ionic species dataset in 2008, explaining about 

79.57% of the data variance as well as loading greater than 0.7. The first factor displays high loading level, 

accounting for 43.88% of NO3
-, Mg2+ and Ca2+, Cl-, Na+ and K+ indicating of combustion process and crustal. 

Factor 2 explains 22.90% of the variance proving correlation of nss-SO4
2- which represented for combustion 

process. The third factor contributes 12.78% of the variance and shows ss-SO4
2- and Na+ as significant. This 

significantly indicates ionic distributions from marine contribution. Figure 7 shows the results of the dry ionic 

species dataset in 2008 computing by the PMF Model, found 3 factors representing for 3 potential sources. The 

dominant species of the factor 1 were NO3
- and Ca2+, respectively which indicated for combustion process and 

crustal. The factor 2 was composed of K+ proving ionic distribution from biomass burning. The factor 3 

contributes for nss-SO4
2- and NH4

+ indicating for combustion process and agricultural activities. 



 

 

 
F1 = Agricultural 

F2 = Combustion process 

F3 = Combustion process/biomass burning/crustal 

Figure 6. Source profiles of dry ionic species at the Mae Hia station in Chiang Mai 

province in 2004. 

Table 6. Varimax-rotated PCA of dry ionic species at the Mae Hia station in Chiang 

Mai province in 2008. 

Component Factor 1 Factor 2 Factor 3 

nss-SO4
2- 0.418 0.820  

ss-SO4
2-   0.997 

NO3
- 0.833   

Cl- 0.394 0.523  

NH4
+ 0.341 0.626  

Na+   0.997 

K+ 0.492 0.671  

Mg2+ 0.845 0.273  

Ca2+ 0.894 0.245  

Eigenvalue 3.949 2.061 1.151 

Variance (%) 43.882 22.900 12.787 

Cumulative (%) 43.8822 66.783 79.570 

Possible source Combustion 

process  

Crustal 

Combustion 

process 

Marine 

contribution 
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nss-
SO42-
ss-SO42-

NO3-

Cl-

NH4+

Na+

K+

Mg2+

Unit = µg m‐3



 

 

 
F1 = Combustion process/crustal  

F2 = Biomass burning 

F3 = Combustion process/agricultural 

Figure 7. Source profiles of Dry ionic species at the Mae Hia station in Chiang Mai 

province in 2008. 

Table 7 shows the identification of 2 factors of the wet ionic species dataset in 2004, explaining about 

87.81% of the data variance as well as loading greater than 0.7. The first factor displays high loading level, 

accounting for 64.53% of ss-SO4
2-, Na+, K+, Mg2+, nss-Ca2+ and ss-Ca2+ indicating of marine contribution, 

biomass burning  and  crustal. Factor 2 explains 23.27% of the variance proving correlation of  nss-SO4
2-, 

NO3
-, NH4

+ and H+  which represented for combustion process, agricultural activities and acid. Figure 8 shows 

the results of the wet ionic species dataset in 2004 computing by the PMF Model, found 3 factors representing 

for 3 potential sources. The dominant species of the factor 1 were NO3
- and Cl-, respectively which indicated for 

combustion process and marine contribution. The factor 2 was composed of Na+ and nss-Ca2+ proving ionic 

distribution from marine contribution and crustal. The factor 3 contributes for NH4
+, NO3

- and nss-SO4
2- 

indicating for agricultural activities and combustion process. 

Table 7. Varimax-rotated PCA of wet ionic species at the Mae Hia station in Chiang 

Mai province in 2004. 

Component Factor 1 Factor 2 

nss-SO4
2-  0.822 

ss-SO4
2- 0.979  

NO3
- 0.270 0.897 

Cl- 0.657 0.630 
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NH4
+ 0.361 0.854 

Na+ 0.979  

K+ 0.935  

Mg2+ 0.901 0.335 

nss-Ca2+ 0.924  

ss-Ca2+ 0.979  

H+  0.888 

Eigenvalue 7.099 2.561 

Variance (%) 64.534 23.279 

Cumulative (%) 64.534 87.813 

Possible source Marine contribution 

Biomass burning 

Crustal 

 

Combustion process 

Agricultural 

 
F1 = Combustion process/marine contribution/agricultural 

F2 = Marine contribution/crustal 

F3 = Agricultural/combustion process/crustal 

Figure 8. Source profiles of wet ionic species at the Mae Hia station in Chiang Mai 

province in 2004. 
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Table 8 shows the identification of 2 factors of the wet ionic species dataset in 2008, explaining about 

76.98% of the data variance as well as loading greater than 0.7. The first factor displays high loading level, 

accounting for 60.65% of ss-SO4
2-, Na+, K+, Mg2+ and ss-Ca2+ indicating of marine contribution, biomass 

burning and crustal. Factor 2 explains 16.33% of the variance proving correlation of nss-SO4
2-, NO3

-, NH4
+ and 

H+ which represented for combustion process, agricultural activities and acid. Figure 9 shows the results of the 

wet ionic species dataset in 2008 computing by the PMF Model, found 3 factors representing for 3 potential 

sources. The dominant species of the factor 1 were K+, Mg2+ and nss-Ca2+, respectively which indicated for 

biomass burning and crustal. The factor 2 was composed of Cl- and Na+ proving ionics distribution from marine 

contribution. The factor 3 contributes for NH4
+, NO3

- and nss-Ca2+ indicating for agricultural activities, 

combustion process and crustal. 

Table 8. Varimax-rotated PCA of wet ionic species at the Mae Hia station in Chiang 

Mai province in 2008. 

Component Factor 1 Factor 2 

nss-SO4
2- 0.209 0.894 

ss-SO4
2- 0.901 0.275 

NO3
- 0.331 0.877 

Cl- 0.572 0.571 

NH4
+ 0.368 0.763 

Na+ 0.900 0.273 

K+ 0.733  

Mg2+ 0.883  

nss-Ca2+ 0.670 0.576 

ss-Ca2+ 0.901 0.273 

H+  0.722 

Eigenvalue 6.672 1.796 

Variance (%) 60.651 16.331 

Cumulative (%) 60.651 76.982 

Possible source Marine contribution 

Biomass burning 

Crustal 

Combustion process 

Agricultural 

 



 

 

 
F1 = Crustal/biomass burning 

F2 = Marine contribution 

F3 = Agricultural/combustion process/crustal 

Figure 9. Source profiles of wet ionic species at the Mae Hia station in Chiang Mai 

province in 2008. 

The number of factor loading and potential source obtained from the computing of the PCA analysis 

and the PMF Model using the dry and wet ionic species in 2004 and 2008 were similar to research findings of 

the previous studies by Thepanondh et al., 2005; Onchang and Sato, 2009; Sillapapiromsuk et al., 2010 that 

reported up to 2-4 factors for the potential sources of ionic species in Chiang Mai province as a representative 

for rural area. Also, 5 dominant potential sources were indicated such as combustion process, marine 

contribution, agricultural activities, biomass burning and crustal. The dominant ionic species were nss-SO4
2-, 

NO3
-, Cl- and  NH4

+, respectively which indicated for the contribution of mobile source and agricultural 

activities. The obtained results indicated a significantly contribution of the mixed potential sources and an 

independent source in Chiang Mai province. 

3.3 Industrial site: Chonburi station in Chonburi province 

The varimax-rotated PCA and PMF Model were performed using the dataset of dry and wet ionic 

species collected at the Chonburi station in Chonburi province, compared between dataset in 2004 (dry ionic 

species, n = 30 and wet ionic species, n = 36)  and in 2008 (dry ionic species, n = 79 and wet ionic species, n = 

99). The obtained results of the PCA and the PMF Model operations are shown in Table 9 to Table 12 and 

Figure 10 to Figure 13, respectively. 

Table 9 shows the identification of 2 factors of the dry ionic species dataset in 2004, explaining about 

81.01% of the data variance as well as loading greater than 0.7. The first factor displays high loading level, 

accounting for 66.13% of nss-SO4
2-, ss-SO4

2-, Cl-, Na+, K+, Mg2+ and Ca2+  indicating of combustion process , 
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marine contribution, biomass burning and crustal. Factor 2 explains 14.88% of the variance proving correlation 

of NH4
+ which represented for agricultural activities. Figure 10 shows the results of the dry ionic species dataset 

in 2004 computing by the PMF Model, found 3 factors representing for 3 potential sources. The dominant 

species of the factor 1 were Cl- and Na+, respectively which indicated for marine contribution. The factor 2 was 

composed of nss-SO4
2- and K+ proving ionic distribution from combustion process and biomass burning. The 

factor 3 contributes for nss-SO4
2- indicating for combustion process. 

Table 9. Varimax-rotated PCA of dry ionic species at the Chonburi station in 

Chonburi province in 2004. 

Component Factor 1 Factor 2 

nss-SO4
2- 0.922  

ss-SO4
2- 0.860 0.280 

NO3
- 0.333 0.590 

Cl- 0.911 0.296 

NH4
+  0.787 

Na+ 0.860 0.280 

K+ 0.949  

Mg2+ 0.890 0.359 

Ca2+ 0.920 0.273 

Eigenvalue 5.952 1.339 

Variance (%) 66.139 14.881 

Cumulative (%) 66.139 81.019 

Possible source Combustion process 

Marine contribution 

Biomass burning 

Agricultural 

 



 

 

 
F1 = Marine contribution 

F2 = Biomass burning 

F3 = Combustion process 

Figure 10. Source profiles of dry ionic species at the Chonburi station in Chonburi 

province in 2004. 

Table 10 shows the identification of 3 factors of the dry ionic species dataset in 2008, explaining about 

70.46% of the data variance as well as loading greater than 0.7. The first factor displays high loading level, 

accounting for 35.45% of nss-SO4
2- and NO3

- indicating of combustion process. Factor 2 explains 20.77% of the 

variance proving correlation of ss-SO4
2- and Na+ which represented for marine contribution. The third factor 

contributes 14.28% of the variance and shows Ca2+ as significant. This significantly indicates ionic distributions 

from crustal. Figure 11 shows the results of the dry ionic species dataset in 2008 computing by the PMF Model, 

found 3 factors representing for 3 potential sources. The dominant species of the factor 1 were nss-SO4
2- , NO3

- 

and Ca2+, respectively which indicated for combustion process and crustal. The factor 2 was composed of Cl- 

and NO3
- proving ionic distribution from marine contribution and combustion process. The factor 3 contributes 

for NO3
- and nss-SO4

2- indicating for combustion process. 

Table 10. Varimax-rotated PCA of dry ionic species at the Chonburi station in 

Chonburi province in 2008. 

Component Factor 1 Factor 2 Factor 3 

nss-SO4
2- 0.882   

ss-SO4
2-  0.987  

NO3
- 0.956   

Cl-   0.686 
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NH4
+ 0.436  0.269 

Na+  0.987  

K+ 0.654 0.317 0.334 

Mg2+ 0.418  0.688 

Ca2+  0.218 0.737 

Eigenvalue 3.191 1.869 1.281 

Variance (%) 35.456 20.771 14.287 

Cumulative (%) 35.456 56.227 70.463 

Possible source Combustion 

process 

 

Marine 

contribution 

Crustal 

 

 
F1 = Combustion process/biomass burning/crustal 

F2 = Marine contribution  

F3 = Combustion process 

Figure 11. Source profiles of dry ionic species at the Chonburi station in Chonburi 

province in 2008. 

Table 11 shows the identification of 3 factors of the wet ionic species dataset in 2004, explaining about 

77.62% of the data variance as well as loading greater than 0.7. The first factor displays high loading level, 

accounting for 46.86% of ss-SO4
2-, Cl-, Na+ and ss-Ca2+ indicating of marine contribution and crustal. Factor 2 

explains 21.61% of the variance proving correlation of nss-SO4
2-, NO3

-, NH4
+ and H+ which represented for 

combustion process, agricultural and acid. The third factor contributes 9.13% of the variance and shows K+ as 

significant. This significantly indicates ionic distributions from biomass burning. Figure 12 shows the results of 
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the wet ionic species dataset in 2004 computing by the PMF Model, found 3 factors representing for 3 potential 

sources. The dominant species of the factor 1 were nss-SO4
2- and Cl-, respectively which indicated for 

combustion process and marine contribution. The factor 2 was composed of nss-SO4
2-, NO3

-, NH4
+ and H+ 

proving ionic distribution from combustion process, agricultural and acid. The factor 3 contributes for NO3
-, 

NH4
+ and Na+ indicating for combustion process, agricultural activities and marine contribution. 

Table 11. Varimax-rotated PCA of wet ionic species at the Chonburi station in 

            Chonburi province in 2004. 

Component Factor 1 Factor 2 Factor 3 

nss-SO4
2- 0.236 0.922  

ss-SO4
2- 0.811 0.264  

NO3
-  0.878  

Cl- 0.845   

NH4
+ 0.394 0.736 0.286 

Na+ 0.902  0.318 

K+   0.893 

Mg2+ 0.462 0.233 0.313 

nss-Ca2+ 0.356 0.446 0.645 

ss-Ca2+ 0.856  0.384 

H+  0.925  

Eigenvalue 5.156 2.378 1.005 

Variance (%) 46.869 21.618 9.139 

Cumulative (%) 46.869 68.487 77.626 

Possible source Marine 

contribution 

Combustion 

process 

Agricultural 

Acid 

Biomass 

burning 

 



 

 

 
F1 = Marine contribution/combustion process 

F2 = Acid/combustion process/agricultural  

F3 = Marine contribution/agricultural 

Figure 12. Source profiles of wet ionic species at the Chonburi station in Chonburi 

province in 2004. 

Table 12 shows the identification of 2 factors of the wet ionic species dataset in 2008, explaining about 

71.01% of the data variance as well as loading greater than 0.7. The first factor displays high loading level, 

accounting for 47.34% of ss-SO4
2-, Cl-, Na+ and ss-Ca2+ indicating of marine contribution. Factor 2 explains 

23.73% of the variance proving correlation of nss-SO4
2-, NH4

+ and H+ which represented for combustion process, 

agricultural activities and acid. Figure 13 shows the results of the wet ionic species dataset in 2008 computing 

by the PMF Model, found 3 factors representing for 3 potential sources. The dominant species of the factor 1 

were nss-SO4
2-, NH4

+ and H+, respectively which indicated for combustion process, agricultural activities and 

acid. The factor 2 was composed of Cl- and Na+ proving ionic distribution from marine contribution. The factor 

3 contributes for NO3
-, NH4

+, and nss-Ca2+ indicating for combustion process, agricultural activities and crustal. 

 

 

Table 12. Varimax-rotated PCA of wet ionic species at the Chonburi station in 

Chonburi province in 2008. 

Component Factor 1 Factor 2 

nss-SO4
2-  0.921 

ss-SO4
2- 0.963  

NO3
- 0.363 0.559 

Cl- 0.912  
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NH4
+  0.881 

Na+ 0.964  

K+  0.494 

Mg2+ 0.555 0.655 

nss-Ca2+  0.678 

ss-Ca2+ 0.945  

H+  0.774 

Eigenvalue 5.208 2.611 

Variance (%) 47.345 23.733 

Cumulative (%) 47.345 71.078 

Possible source Marine contribution Combustion process 

Agricultural 

Acid 

 

 

 
F1 = Acid/combustion process/agricultural 

F2 = Marine contribution  

F3 = Combustion process/agricultural/crustal 

Figure 13. Source profiles of wet ionic species at the Chonburi station in Chonburi 

province in 2008. 
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The number of factor loading and potential source obtained from the computing of the PCA analysis 

and the PMF Model using the dry and wet ionic species in 2004 and 2008 were similar to research findings of 

the recent study by Kasetsart University (KU), 2012 that reported up to 2-4 factors for the potential sources of 

ionic species in Chonburi province as a representative for industrial area. Also, 6 dominant potential sources 

were indicated such as combustion process, marine contribution, agricultural activities, biomass burning, crustal 

and acid. The dominant ionic species were nss-SO4
2-, Cl-, Na+, K+ and H+, respectively which indicated for the 

contribution of mobile source, marine contribution, biomass burning and acid. The obtained results indicated a 

significantly contribution of the mixed potential sources and an independent source in Chonburi province. 

3.4 Rural site: Sakaerat station in Nakhon Ratchasima province 

Since the Sakaerat station was first established in 2006, the varimax-rotated PCA and PMF Model were 

performed using the dataset of dry and wet ionic species collected at the Sakaerat station in Nakhon Ratchasima 

province, compared between dataset in 2006 (dry ionic species, n = 34 and wet ionic species, n = 36) and in 

2008 (dry ionic species, n = 114 and wet ionic species, n = 124). The obtained results of the PCA and the PMF 

Model operations are shown in Table 13 to 16 and in Figure 14 to Figure 17, respectively. 

Table 13 shows the identification of 4 factors of the dry ionic species dataset in 2006, explaining about 

93.85% of the data variance as well as loading greater than 0.7. The first factor displays high loading level, 

accounting for 38.53% of K+ and Mg2+ indicating of biomass burning and crustal. Factor 2 explains 26.73% of 

the variance proving correlation of ss-SO4
2- and Na+ which represented for marine contribution. The third factor 

contributes 17.02% of the variance and shows NO3
- and Ca2+ as significant. This significantly indicates ionic 

distributions from combustion process and crustal. Factor 4 explains 11.55% of the variance proving correlation 

of nss-SO4
2- and NH4

+ which represented for combustion process and agricultural activities. Figure 14 shows the 

results of the dry ionic species dataset in 2006 computing by the PMF Model, found 3 factors representing for 3 

potential sources. The dominant species of the factor 1 were nss-SO4
2- and NH4

+, respectively which indicated 

for combustion process and agricultural activities. The factor 2 was composed of nss-SO4
2- and NO3

- proving 

ionic distribution from combustion process. The factor 3 contributes for nss-SO4
2-, NH4

+ and K+ indicating for 

combustion process , agricultural activities and biomass burning. 

Table 13. Varimax-rotated PCA of dry ionic species at the Sakaerat station in 2006. 

Component Factor 1 Factor 2 Factor 3 Factor 4 

nss-SO4
2-  0.226  0.966 

ss-SO4
2-  0.965   

NO3
- 0.221  0.904  

Cl- 0.642  0.642  

NH4
+    0.993 

Na+  0.985   

K+ 0.923 0.241   

Mg2+ 0.953    



 

 

Ca2+  0.362 0.861  

Eigenvalue 3.468 2.406 1.532 1.040 

Variance (%) 38.537 26.737 17.024 11.557 

Cumulative (%) 38.537 65.233 82.293 93.855 

Possible source Biomass 

burning 

Marine 

contribution

Combustion 

process 

Crustal 

 

Combustion 

process 

Agricultural 

 

 
F1 = Combustion process/agricultural 

F2 = Combustion process/crustal 

F3 = Combustion process/biomass burning 

Figure 14. Source profiles of dry ionic species at the Sakaerat station in 2006. 

Table 14 shows the identification of 2 factors of the dry ionic species dataset in 2008, explaining about 

77.50% of the data variance as well as loading greater than 0.7. The first factor displays high loading level, 

accounting for 52.20% of ss-SO4
2-, NO3

-, Na+ and Mg2+ indicating of marine contribution, combustion process 

and  crustal. Factor 2 explains 25.29% of the variance proving correlation of nss-SO4
2-, NH4

+  and K+ which 

represented for combustion process ,agricultural activities and biomass burning. Figure 15 shows the results of 

the dry ionic species dataset in 2008 computing by the PMF Model, found 3 factors representing for 3 potential 

sources. The dominant species of the factor 1 were nss-SO4
2- and NH4

+, respectively which indicated for 

combustion process and agricultural activities. The factor 2 was composed of nss-SO4
2-, NH4

+ and K+ proving 

ionic distribution from combustion process, agricultural and biomass burning. The factor 3 contributes for 

nss-SO4
2- and NO3

- indicating for combustion process. 
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Table 14. Varimax-rotated PCA of dry ionic species at the Sakaerat station in 2008. 

Component Factor 1 Factor 2 

nss-SO4
2-  0.933 

ss-SO4
2- 0.824 0.280 

NO3
- 0.809 0.233 

Cl- 0.550 0.549 

NH4
+  0.945 

Na+ 0.824 0.280 

K+ 0.304 0.811 

Mg2+ 0.857 0.441 

Ca2+ 0.695 0.405 

Eigenvalue 4.699 2.277 

Variance (%) 52.207 25.299 

Cumulative (%) 52.207 77.505 

Possible source Marine contribution Combustion process 

Agricultural 

Biomass burning 

 

 

 
F1 = Combustion process/agricultural 

F2 = Combustion process/agricultural/biomass burning  

F3 = Combustion process/crustal 

Figure 15. Source profiles of dry ionic species at the Sakaerat station in 2008. 
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Table 15 shows the identification of 3 factors of the wet ionic species dataset in 2006, explaining about 

83.26% of the data variance as well as loading greater than 0.7. The first factor displays high loading level, 

accounting for 47.12% of ss-SO4
2-, Cl-, Na+, Mg2+ and ss-Ca2+ indicating of marine contribution and crustal. 

Factor 2 explains 21.95% of the variance proving correlation of nss-SO4
2-, NO3

-, NH4
+ and H+ which 

represented for combustion process, agricultural and acid. The third factor contributes 14.17% of the variance 

and shows K+ and nss-Ca2+ as significant. This significantly indicates ionic distributions from biomass burning 

and crustal. Figure 16 shows the results of the wet ionic species dataset in 2006 computing by the PMF Model, 

found 3 factors representing for 3 potential sources. The dominant species of the factor 1 were NO3
- and NH4

+ 

respectively which indicated for combustion process and agricultural activities. The factor 2 contributes Na+, 

proving ionic distribution from marine contribution. The factor 3 was composed of nss-SO4
2-, NO3

- and H+ 

indicating for combustion process and acid. 

Table 15. Varimax-rotated PCA of wet ionic species at the Sakaerat station in 2006. 

Component Factor 1 Factor 2 Factor 3 

nss-SO4
2- 0.218 0.904  

ss-SO4
2- 0.982   

NO3
- 0.223 0.839 0.211 

Cl- 0.841 0.339  

NH4
+  0.603  

Na+ 0.982   

K+  0.257 0.890 

Mg2+ 0.752  0.396 

nss-Ca2+   0.934 

ss-Ca2+ 0.982   

H+  0.890  

Eigenvalue 5.184 2.415 1.560 

Variance (%) 47.126 21.957 14.179 

Cumulative (%) 47.126 69.083 83.262 

Possible source Marine 

contribution 

Combustion  

process 

Agricultural 

Acid 
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burning 

Crustal 

 



 

 

 
F1 = Agricultural/combustion process 

F2 = Marine contribution  

F3 = Acid/combustion process 

Figure 16. Source profiles of wet ionic species at the Sakaerat station in 2006. 

Table 16 shows the identification of 2 factors of the wet ionic species dataset in 2008, explaining about 

86.87% of the data variance as well as loading greater than 0.7. The first factor displays high loading level, 

accounting for 74.18% of ss-SO4
2-, Cl-, Na+, Mg2+, nss-Ca2+ and ss-Ca2+ indicating of marine contribution and  

crustal. Factor 2 explains 12.48% of the variance proving correlation of nss-SO4
2-, NO3

-, NH4
+ and H+ which 

represented for combustion process ,agricultural activities and acid. Figure 17 shows the results of the wet ionic 

species dataset in 2008 computing by the PMF Model, found 3 factors representing for 3 potential sources. The 

dominant species of the factor 1 were Cl- and Na+, respectively which indicated for agricultural marine 

contribution. The factor 2 was composed of NO3
- and NH4

+ proving ionic distribution from combustion process 

and agricultural activities. The factor 3 contributes for nss-SO4
2-, NO3

- and H+ indicating for combustion process 

and acid. 

Table 16. Varimax-rotated PCA of wet ionic species at the Sakaerat station in 2008. 

Component Factor 1 Factor 2 

nss-SO4
2- 0.362 0.883 

ss-SO4
2- 0.899 0.359 

NO3
- 0.478 0.823 

Cl- 0.717 0.460 

NH4
+ 0.458 0.842 

Na+ 0.899 0.358 
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K+ 0.676 0.533 

Mg2+ 0.844 0.393 

nss-Ca2+ 0.886  

ss-Ca2+ 0.899 0.353 

H+  0.914 

Eigenvalue 8.161 1.373 

Variance (%) 74.188 12.485 

Cumulative (%) 74.188 86.873 

Possible source Marine contribution 

Crustal 

 

Combustion process 

Acid 

 

 
F1 = Marine contribution 

F2 = Agricultural/combustion process  

F3 = Acid/combustion process 

Figure 17. Source profiles of wet ionic species at the Sakaerat station in 2008. 

The number of factor loading and potential source obtained from the computing of the PCA analysis 

and the PMF Model using the dry and wet ionic species in 2004 and 2008 were similar to research findings of 

the recent study by Khon Kaen University (KKU), 2012 that reported up to 2-4 factors for the potential sources 

of ionic species in Nakhon Ratchasima province as a representative for rural area. Also, 5 dominant potential 

sources were indicated such as combustion process, marine contribution, agricultural activities, biomass burning 

and crustal. The dominant ionic species were nss-SO4
2-, NH4

+ and H+, respectively which indicated for a 

contribution of combustion process, agricultural activities and acid. The obtained results indicated a 
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