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            Abstract
          
        

        
          To identify and quantify the contribution of the major sources for the ambient carbonaceous aerosols at a Global Atmosphere Watch (GAW) station in Korea, a receptor model, the Positive Matrix Factorization (PMF) model was applied for the one-year long measurement data. Particulate matter less than or equal to 2.5 μm in aerodynamic diameter (PM2.5) aerosols were sampled at Anmyeon Island GAW station from June 2015 to May 2016 and carbonaceous species including ~80 organic compounds were analyzed. According to the performance parameter evaluation, 5 or 7 factors were considered as optimal number of factors. It was found out that the results of 7 factors gave less contribution from the factor designated as mixed sources which we could not separate clearly. The major sources with 7 factors were identified with various analyses including chemical characteristics and air parcel movement analysis. The 7 factors with their relative contributions are; anthropogenic Secondary Organic Aerosols (SOA) (14%), biogenic SOA (15%), primary biogenic source (8%), local biomass burning (13%), transported biomass burning (16%), combustion related source (15%), and mixed sources (19%).  The air parcel movement analysis results also support the identification of these factors.  Thus, the Anmyeon Island GAW station has been affected by both regional and local sources for the carbonaceous aerosols.
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      1. INTRODUCTION
      Organic Aerosols (OA) contain thousands of organic compounds and contribute to 20-50% to the total fine aerosol mass at mid-latitudes (Putaud et al., 2004; Saxena and Hildemann, 1996). OA are originated from both anthropogenic such as fossil fuel combustion, and biogenic sources. Also, OA are either emitted directly in particulate form (Primary Organic Aerosol, POA) or generated in the air (Secondary Organic Aerosol, SOA) (Kanakidou et al., 2005).

      Some compounds of organic aerosols have been used as a marker for source identification. For instance, levoglucosan and Polycyclic Aromatic Hydrocarbons (PAHs) are known as markers of biomass burning and incomplete combustion of organic matters, respectively (Schauer et al., 1996; Simoneit et al., 1991).

      Receptor oriented models infer source contributions by determining the best-fit linear combination of emission source chemical composition profiles needed to reconstruct the measured chemical composition of ambient samples (Watson, 1984). Receptor models have been used to identify major source of OA in the ambient air (Heo et al., 2009; Jaeckels et al., 2007; Watson et al., 2001).

      Two receptor models, Chemical Mass Balance (CMB) and Positive Matrix Factorization (PMF) model, have been widely used as a tool in the area of air pollution source apportionment studies. Since PMF is a multivariate factor analysis tool that decomposes a matrix of speciated sample data into two matrices (factor contributions and factor profiles), source profiles are not necessary to run the model (Paatero and Tapper, 1994).  Thus, PMF model has been commonly used at certain places in which (1) composition is changed by chemical reaction during the transport like backgrounds areas (Yuan et al., 2012) or (2) source profiles are not developed (Lee et al., 2008).

      Anmyeon Island is located in the mid-western coast of South Korea where a Global Atmospheric Watch (GAW, 36°32'N; 126° 19'E, 45.7 m above sea level) regional station (AMY) has been established by the Korean Meteorological Administration (KMA). One of the goals of the AMY is to monitor the variations of the components that might affect climate change at a background area. There have been few reports on the levels of the atmospheric trace species, ionic species (Park et al., 2010) and n-alkanes and PAHs in the ambient aerosols (Lee et al., 2013, 2011).

      The AMY is considered as a background site, but the concentrations of some organic compounds measured at the site were comparable to those in Seoul (Lee et al., 2011). In Lee et al. (2011), the reported concentration of water soluble organic carbon (WSOC) in 2010 at the AMY was 4.65±2.18 μgC m-3, comparable to the level at Seoul (4.35±2.76 μgC m-3). On the other hand, the average concentration of n-alkane at the AMY was 23.7±4.02 ng m-3, which was about 1/3 of at Seoul (66.87±27.01 ng m-3). It suggests that the ambient air at the AMY have characteristics of both background and polluted area. Thus, it is essential to characterize the AMY by identifying the levels of the atmospheric trace species and estimating the relative contribution of major contributors of the observed atmospheric trace species. By characterizing the AMY, we can understand the background level of carbonaceous aerosols and, thus, to estimate the effect of regional transport in Northeast Asia.

      In Korea, several studies have been carried out on source apportionment of carbonaceous aerosols by using receptor models ( Jung et al., 2015; Kim et al., 2013; Heo et al., 2009; Lee and Kim, 2007). However, for background areas, only a few studies have been carried out for Gosan, a background area at Jeju Island (Moon et al., 2008; Han et al., 2006).

      In this study, based on the one-year long measurement, the characteristics of carbonaceous species in PM2.5 at the AMY is evaluated by applying the PMF model. At first, optimal number of factors for the PMF receptor modeling result on the carbonaceous species in PM2.5 at the AMY was determined, then the characteristics of these factors were identified and quantified by various analyses including characteristic identification of organic compounds and air movement analyses.  Finally, the relative importance of local emissions to the carbonaceous species in PM2.5 is quantified.

    

    

  
    
      2. METHODOLOGY
      
        2. 1 Measurement Data
        Details on the sampling and analysis are given elsewhere (Lee et al., 2018). In brief, samples were collected every 6th day 2016 on the rooftop of the AMY station building from Jun. 3, 2015 to May. 27. A high-volume air sampler with a PM2.5 inlet was operated with 1000 L min-1 of flow rate. PM2.5 samples were collected on quartz fiber filters (203 mm×254 mm, Whatman Inc., Maidstone, UK). The number of samples was 58.

        Organic Carbons (OC), Elemental Carbon (EC), WSOC, HUmic-LIke Substances of Carbon (HULIS-C) were classified. Seventy-eight organic compounds were identified and quantified; Polycyclic Aromatic Hydrocarbons (PAHs) (14), n-alkanes (17), Dicarboxylic Acids (DCAs) (19), n-alkenoic acids (18), and sugars (10). In addition, meteorological parameters were observed simultaneously at the same place by the KMA.  Information of the data set is summarized in Table 1.

        
          Table 1. 
				
          

          
            Summarized information of the input measurement data of carbonaceous species (Unit: ng m-3). 
          
          

        

        
          
            
              	Species
              	Average
              	Max
              	Min
              	MDL
              	Missing+BDL (%)
            

          
          
            	Organic aerosols (4) 
            	OC
            	4243
            	17491
            	701
            	234
            	0.0
          

          
            	EC
            	453
            	1827
            	88
            	29
            	0.0
          

          
            	WSOC
            	2416
            	11029
            	154
            	51
            	0.0
          

          
            	HULIS-C
            	1769
            	7291
            	263
            	88
            	1.7
          

          
            	PAHs (14) 
            	Phen
            	0.301
            	1.395
            	0.008
            	0.007
            	0.0
          

          
            	Anth
            	0.050
            	0.100
            	0.000
            	0.014
            	28.3
          

          
            	Flt
            	0.438
            	1.954
            	0.008
            	0.008
            	0.0
          

          
            	Pyr
            	0.324
            	1.292
            	0.010
            	0.010
            	0.0
          

          
            	BaA
            	0.112
            	0.483
            	0.005
            	0.012
            	3.4
          

          
            	Chr
            	0.270
            	1.200
            	0.010
            	0.009
            	0.0
          

          
            	BbF
            	0.609
            	11.062
            	0.000
            	0.007
            	0.0
          

          
            	BeP
            	0.310
            	4.837
            	0.004
            	0.003
            	0.0
          

          
            	BaP
            	0.139
            	0.574
            	0.003
            	0.012
            	3.4
          

          
            	Per
            	0.040
            	0.070
            	0.010
            	0.009
            	74.1
          

          
            	IdP
            	0.222
            	1.070
            	0.015
            	0.008
            	19.0
          

          
            	DahA
            	0.028
            	0.027
            	0.085
            	0.004
            	42.0
          

          
            	BghiP
            	0.119
            	0.439
            	0.000
            	0.013
            	15.5
          

          
            	Cor
            	0.020
            	0.090
            	0.000
            	NA
            	72.4
          

          
            	n-Alkane (17) 
            	C20
            	0.204
            	1.255
            	0.018
            	0.012
            	1.7
          

          
            	C21
            	0.474
            	3.286
            	0.004
            	0.016
            	5.2
          

          
            	C22
            	0.725
            	5.614
            	0.017
            	0.014
            	0.0
          

          
            	C23
            	1.042
            	6.940
            	0.043
            	0.017
            	0.0
          

          
            	C24
            	1.095
            	6.279
            	0.046
            	0.010
            	0.0
          

          
            	C25
            	1.516
            	6.440
            	0.077
            	0.012
            	0.0
          

          
            	C26
            	1.049
            	3.796
            	0.070
            	0.009
            	0.0
          

          
            	C27
            	1.801
            	8.924
            	0.218
            	0.007
            	0.0
          

          
            	C28
            	0.779
            	2.345
            	0.092
            	0.009
            	0.0
          

          
            	C29
            	1.928
            	10.357
            	0.171
            	0.010
            	0.0
          

          
            	C30
            	0.512
            	1.690
            	0.067
            	0.006
            	0.0
          

          
            	C31
            	1.594
            	7.714
            	0.094
            	0.011
            	0.0
          

          
            	C32
            	0.360
            	1.349
            	0.022
            	0.010
            	1.7
          

          
            	C33
            	0.501
            	2.300
            	0.025
            	0.008
            	1.7
          

          
            	C34
            	0.209
            	0.861
            	0.007
            	0.038
            	6.9
          

          
            	C35
            	0.380
            	1.484
            	0.048
            	0.056
            	10.3
          

          
            	C36
            	0.280
            	0.960
            	0.028
            	0.073
            	37.9
          

          
            	DCAs (19) 
            	Malonic acid
            	70.4
            	425
            	0.283
            	0.094
            	1.7
          

          
            	Methylmalonic acid
            	0.588
            	5.648
            	0.005
            	0.125
            	8.6
          

          
            	Maleic acid
            	8.04
            	29.0
            	1.06
            	0.337
            	0.0
          

          
            	Succinic acid
            	20.3
            	83.6
            	3.78
            	0.118
            	0.0
          

          
            	Methylsuccinic acid
            	1.94
            	5.81
            	0.49
            	0.115
            	0.0
          

          
            	Methylmaleic acid
            	0.848
            	3.28
            	0.139
            	0.209
            	0.0
          

          
            	Fumaric acid
            	1.29
            	5.32
            	0.18
            	0.011
            	0.0
          

          
            	Glutaric acid
            	5.01
            	16.9
            	0.571
            	0.108
            	0.0
          

          
            	2-Methylglutaric acid
            	0.545
            	1.427
            	0.095
            	0.189
            	0.0
          

          
            	D-Malic acid
            	16.39
            	52.1
            	0.388
            	0.120
            	0.0
          

          
            	Adipic acid
            	2.19
            	7.80
            	0.454
            	0.408
            	0.0
          

          
            	Pimelic acid
            	0.801
            	5.95
            	0.107
            	0.297
            	0.0
          

          
            	Phthalic acid
            	8.38
            	36.2
            	0.470
            	0.181
            	0.0
          

          
            	Suberic acid
            	0.990
            	3.92
            	0.209
            	0.270
            	0.0
          

          
            	iso-Phthalic acid
            	0.972
            	3.31
            	0.094
            	0.243
            	0.0
          

          
            	tere-Phthalic acid
            	6.91
            	23.0
            	0.416
            	0.102
            	0.0
          

          
            	Azelaic acid
            	3.03
            	9.00
            	0.575
            	0.192
            	0.0
          

          
            	Sebacic acid
            	0.506
            	1.932
            	0.030
            	0.293
            	0.0
          

          
            	Undecanedionic acid
            	0.381
            	1.458
            	0.061
            	0.363
            	0.0
          

          
            	n-Alkenoic acids (18) 
            	C8
            	0.690
            	1.87
            	0.070
            	NA
            	0.0
          

          
            	C9
            	0.789
            	1.64
            	0.186
            	0.024
            	0.0
          

          
            	C10
            	1.053
            	15.3
            	0.047
            	0.040
            	1.7
          

          
            	C11
            	0.220
            	0.581
            	0.026
            	0.076
            	0.0
          

          
            	C12
            	0.322
            	0.872
            	0.091
            	0.087
            	0.0
          

          
            	C13
            	0.206
            	0.588
            	0.055
            	0.106
            	0.0
          

          
            	C14
            	0.955
            	3.62
            	0.299
            	0.089
            	0.0
          

          
            	C15
            	0.645
            	1.81
            	0.121
            	0.125
            	0.0
          

          
            	C16
            	10.604
            	54.1
            	1.64
            	0.179
            	0.0
          

          
            	C17
            	0.863
            	3.09
            	0.024
            	0.107
            	61.0
          

          
            	trans-C18
            	0.415
            	1.848
            	0.026
            	0.207
            	0.0
          

          
            	C18
            	5.29
            	33.4
            	0.659
            	0.695
            	0.0
          

          
            	C20
            	1.26
            	7.81
            	0.100
            	0.085
            	0.0
          

          
            	C21
            	1.60
            	10.1
            	0.032
            	0.217
            	0.0
          

          
            	C22
            	2.66
            	23.5
            	0.122
            	0.041
            	0.0
          

          
            	C23
            	2.60
            	11.7
            	0.000
            	0.062
            	0.0
          

          
            	C24
            	3.50
            	27.3
            	0.159
            	0.089
            	0.0
          

          
            	cis-Pinonic acid
            	3.21
            	16.7
            	0.357
            	0.103
            	0.0
          

          
            	Sugar (10) 
            	Arabinose
            	1.11
            	14.7
            	0.087
            	0.123
            	10.3
          

          
            	Ribose
            	5.94
            	21.1
            	0.056
            	0.132
            	22.4
          

          
            	Levoglucosan
            	54.7
            	374
            	0.257
            	0.122
            	0.0
          

          
            	Xylose
            	3.34
            	43.2
            	0.059
            	0.077
            	29.3
          

          
            	Fructose
            	1.39
            	22.
            	0.031
            	0.186
            	3.4
          

          
            	Mannose
            	1.32
            	3.79
            	0.063
            	0.041
            	72.4
          

          
            	Galactose
            	2.71
            	15.0
            	0.138
            	0.058
            	74.1
          

          
            	Glucose
            	2.32
            	23.3
            	0.020
            	0.073
            	0.0
          

          
            	Sucrose
            	6.70
            	64.5
            	0.090
            	0.101
            	62.1
          

          
            	Maltose
            	0.027
            	0.383
            	0.014
            	0.128
            	87.9
          

        

        

      

      
        2. 2 Positive Matrix Factorization (PMF)
        The US EPA PMF ver 5.0 (Norris et al., 2014) was used in this study. PMF is a one of the tools for multivariate factor analysis that decomposes a matrix of speciated sample data into two matrices, i.e., source profile and source contribution. According to Paatero (1997), fundamental equations about PMF can be presented with the definitions of matrices. Define the ‘residual matrix’ E, the difference between measurement Xij and model Yij, as a function of the factors G and F as described in Eq. (1). Where X is a matrix of observed data and n×m dimensions where G is the unknown left hand factor matrix (scores) of dimensions n×p, and F is the unknown right hand factor matrix (loadings) of dimensions p×m (Paatero and Tapper, 1994).
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        Define the ‘object function’ Q, to be minimized, as a function of the factors G and F, as in Eq. (2):
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        The values σij are the standard deviation of the observed value Xij. The task of the non-negatively constrained weighted factor analysis is: Minimize Q(E) with respect to G and F under the constraint that all or some of the elements of G and F are constrained to non-negative values (Paatero, 1997). More details on PMF were described in Paatero and Tapper (1994) and Norris et al. (2014).

        In this study, the analyzed concentration values were used for the measured data, and the error fractions and 1/2 of the methods detection limit (MDL) values were used as the overall uncertainty assigned to each observation, as (Norris et al., 2014):
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        The error fraction for the ambient data was set as 15% (the variation of the measurement) of the concentration for individual carbonaceous species since the uncertainty for the MDL values of individual organic compounds were small (Choi et al., 2016; Lee and Kim, 2007). Values below the MDL were replaced by half of the MDL and their overall uncertainties were set at 5/6 of the MDL. Missing values were replaced by the median of the measured values and associated uncertainties were set at four times the median.

        Optimal number of factors was determined by checking the maximum individual column mean (IM), the maximum individual column standard deviation (IS) values following the approach from Lee et al. (1999) and displacement (DISP), bootstrap (BS) parameter values from Paatero et al. (2014) and Brown et al. (2015).  IM and IS were indicators to identify the species having the least fit and the most imprecise fit (Lee et al., 1999).  They can also be used to identify the number of factors in the PMF. When the number of factors increases to a critical value, IM and IS will be stable after experiencing drastic drop.

        DISP intervals include effects of random errors and partially include effects of rotational ambiguity. For DISP, focus is on the number of swaps at the lowest dQmax level and the percent change in Q (%dQ) (Brown et al., 2015). We focused on the %dQ of the DISP and acceptable range of %dQ was set as 0.1, following Paatero et al. (2014). The US EPA PMF performs BS by randomly selecting non-overlapping blocks of consecutive samples (block size is suggested by the software or by the user) and creating a new input data file of the selected samples, with the same dimensions (i.e., number of samples and number of species) as the original data set. The PMF is then run on the new resampled data set, and each BS factor is mapped to a base run factor by comparing factors’ contributions (G matrix) for those samples included in the resampled data set (Brown et al., 2015).

        Since the number of samples (58) was smaller than the number of compounds used in the PJMF modeling (82 as shown in Table 1), there might be limitations of the reliability of the modeling result. Still, the result in this study is a first step to identify major contributors of the observed carbonaceous aerosols at the AMY.

      

      
        2. 3 Air Parcel Movement Analysis
        To identify sources more accurately, the results of the Conditional Probability Function (CPF) and backward trajectories are used. In the CPF, the wind speed and wind direction at the sampling site are used to calculate the possible contribution of local sources. The CPF alone could not identify the regional transport. Thu, backward trajectory analysis is applied to estimate the air parcels’ movement of regional scale, outside of Korea.  Thus, the combination of the results of both CPF and backward trajectory analysis along with the PMF modeling result could be used to determine whether the source is impacted by regional transport or local emission.

        In the CPF, the probability that a source is located within a particular wind direction sector, ΔΘ is calculated:
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        where nΔΘ is the number of times that the wind passed through direction sector ΔΘ, and mΔΘ is the number of times that the source contribution peaked while the wind passed through sector ΔΘ (Pekney et al., 2006; Ashbaugh et al., 1985). mΔΘ is calculated as the number of times that contribution shows higher than mean value with the wind passed through direction sector ΔΘ.  The hourly wind direction and wind speed data were from the KMA at the same site.

        Hybrid Single-Particle Lagrangian Intergrated Trajectory (HYSPLIT4) model (http://www.ready.noaa.gov/HYSPLIT.php) developed in National Oceanic and Atmospheric Administration (NOAA) is used to estimate backward trajectories. Three day backward trajectories are estimated for every 3 hours at the starting height of 1500 m to clarify the impact of the regional sources. For each factor, backward trajectories are estimated for 6 samples, about 10% of the total samples to identify major trajectories for each factor.

      

    

    

  
    
      3. RESULTS AND DISCUSSIONS
      
        3. 1 Determination of Factors
        Table 2 shows the IM and IS values drastically dropped when the number of factor became 5 and 7. The DISP value that indicates random errors was zero and BS value that shows the sensitivity of the result was 85.40% and 84.29% concord when the number of factor became 5 and 7, respectively. For both cases, the performance parameters show comparable results. Furthermore, the 7 factor case shows how the two factors for the 5 factor case are divided into 2 related factors, respectively. Thus, we decided to show both cases.

        
          Table 2. 
				
          

          
            The value of parameters (IM, IS, DISP, BS) to decide the optimal number of factors. 
          
          

        

        
          
            
              	
              	4
              	5
              	6
              	7
            

          
          
            	IM
            	2.69
            	2.21
            	1.55
            	1.54
          

          
            	IS
            	5.38
            	3.31
            	3.10
            	3.00
          

          
            	%dQ
            	0.00021
            	0
            	0.01181
            	0
          

          
            	BS
            	94.75
            	85.40
            	89.83
            	84.29
          

        

        

        The characteristics of these factors could be identified with the criteria related to the known characteristic of emissions and reactions of carbonaceous species. For example, PAHs are mainly formed during incomplete combustion processes of organic matters and, thus, the factor with high contribution of PAHs were considered as primary emissions from combustion. EC is usually emitted from primary sources, while OC is formed by both primary and secondary aerosol formations. WSOC is mainly produced from secondary formation and biogenic sources.

        Carbon Preference Index (CPIodd) is defined as the ratio of odd to even carbon numbered n-alkanes and has been used to identify the origin of n-alkanes. Ambient n-alkanes can be originated from anthropogenic and biogenic sources (Simoneit, 1991). A CPIodd value close to 1 indicates anthropogenic sources contributing more than biogenic sources. When CPIodd value is larger than 1 and the maximum concentration of n-alkanes is observed in C27, C29, C31, it suggests a predominant biogenic input form plants (Kotianova et al., 2008). In addition, rural environments with more biogenic influence generally have CPIodd value above 2.0 (Gogou et al., 1996; Simoneit, 1989). Thus, a factor with high CPIodd with dominant concentration in C27, C29, C31 is determined as biogenic sources, since these three compounds were marker for the biogenic source.

        DCAs are important indicator of SOAs because it can be formed by chemical reactions in the atmosphere (Kawamura et al., 1996; Rogge et al., 1993). Usually DCAs are further divided into two groups; regional ones and locally generated ones since compounds of DCAs can be grouped by seasonal variation (Aggarwal and Kawamura, 2009). Thus, seasonal contribution should be considered together to clarify the source of factors with high DCAs.

        Monocarboxylic acids are emitted from both biogenic sources and fossil fuel combustions. cis-pinonic acid is the major product of the photochemical oxidations of monoterpenes derived from biogenic origins (Zhang et al., 2010) and, thus, considered as secondary biogenic marker. The maximum carbon number in monocarboxylic acids from fossil fuel combustion was C16 (Simoneit, 1986, 1985) and the ratio of unsaturated mono-carboxylic acid (C18:1) to saturated analog (C18) in the ambient air represents the residence time since C18:1 is less stable than C18. When the concentration ratio of C18/C18:1 shows high value, ambient organic compounds should experience more degradation (Cheng et al., 2004).

        Among sugars, levoglucosan is commonly used as a marker of biomass burning (Fraser and Lakshmanan, 2000; Simoneit et al., 1999). Other sugar compounds are mainly derived from primary biogenic sources, such as airborne pollen and fungal spores (Fu et al., 2012).

      

      
        3. 2 PMF Results with 5 Factors
        The profiles and relative contributions of the 5 factors are presented in Fig. 1 and summarized in Table 3(a). To identify a source, both factor profile and temporal variation of the relative contribution of the factor were considered.

        
          
          

          Fig. 1. 
				
          

          
            Source profiles and relative contributions for the five factors of the PMF modeling result at the Anmyeon Island GAW station (AMY). 
          
          

          

        

        
          Table 3. 
				
          

          
            summarized characterisitcs of factor profiles. 
          
          

        

        
          
            
              	(a) Summarized characteristics of the 5 factors. 
            

            
              	
              	EC
              	WSOC, HULIS
              	PAHs
              	CPIodd
              	C27, C29, C31
              	DCAs
              	cis-Pinonic acid
              	Levo
            

          
          
            	Facto 1: SOA (11%)
            	-
            	+
            	-
            	1.62
            	-
            	++
            	-
            	-
          

          
            	Facto 2: Biogenic sources (23%)
            	++
            	+
            	-
            	2.24
            	+
            	+
            	-
            	-
          

          
            	Facto 3: Transported BB (17%)
            	-
            	-
            	++
            	1.5
            	-
            	-
            	-
            	++
          

          
            	Facto 4: Local BB (17%)
            	-
            	+
            	++
            	1.47
            	-
            	-
            	+
            	++
          

          
            	Facto 5: Mixed sources (32%)
            	-
            	-
            	+
            	2
            	+
            	+
            	-
            	+
          

          
            	　 
          

          
            	(b) Summarized characteristics of the 7 factors. 
          

          
            	
            	EC
            	WSOC, HULIS
            	PAHs
            	CPIodd
            	C27, C29, C31
            	DCAs
            	cis-Pinonic acid
            	Levo
          

          
            	Facto 1: Anthropogenic SOA (14%)
            	+
            	+
            	-
            	1.77
            	-
            	++
            	-
            	-
          

          
            	Facto 2: Biogenic SOA (15%)
            	-
            	+
            	-
            	1.89
            	-
            	-
            	+
            	-
          

          
            	Facto 3: Primary biogenic sources (8%)
            	-
            	-
            	-
            	10.49
            	++
            	-
            	-
            	+
          

          
            	Facto 4: Transported BB (16%)
            	-
            	-
            	++
            	1.51
            	-
            	-
            	-
            	+
          

          
            	Facto 5: Local BB (13%)
            	-
            	-
            	++
            	1.39
            	-
            	-
            	-
            	++
          

          
            	Facto 6: Combustion related sources (15%)
            	+
            	-
            	+
            	2.1
            	-
            	-
            	-
            	+
          

          
            	Facto 7: Mixed sources (19%)
            	-
            	-
            	+
            	1.64
            	+
            	-
            	+
            	+
          

        

        

        The first factor shows high level of DCAs. The concentration of WSOC is the highest for the first factor which is considered as an indicator of aerosols aging.  Also the C18/C18:1 ratio, another indicator of the aged aerosol, shows the highest value in the first factor as 16.2. In addition, the relative contributions of this factor are generally higher in summer and spring. According to the characteristics of profile and contribution, the first factor could be identified as SOA with 11% annual contribution.

        For the second factor, the CPIodd value is the highest as 2.24 with the high concentrations in the range of C27, C29, and C31 among n-alkanes. Comparing with other factors, the C18/C18:1 ratio shows the lowest value among the factors as 6.3. Furthermore, relative contribution of second factor was the lowest in winter and highest in summer. Thus, it is determined as the biogenic source due to the characteristic of the profile and seasonal trend of the relative contribution and the annual contribution is 23%.

        The third and fourth factors show high contribution of PAHs and levoglucosan in the profiles. Especially, the third factor shows high concentrations of short chain n-alkanes and both factors show high contributions of levoglucosan in the factor profiles, especially, the fourth factor shows the highest ratio of levoglucosan. Moreover, the third factor shows higher contribution in winter than other seasons while the fourth factor shows higher contribution in fall and spring than winter. During winter and fall, prominent wind direction to Korea is from northwest. Local biomass burning has shown high contribution in fall due to open burnings after harvest and in spring due to cleaning of fields (Kim et al., 2013; Lee and Kim, 2007). Thus, the characteristics of seasonal variation suggest that the third factor is a regional one, transported biomass burning from outside of Korea and fourth factor is local biomass burning.  The annual average values of the relative contribution are both 17% for third and fourth factor.

        The fifth factor shows high contributions of levoglucosan and C18/C18:1 ratio in the profile. In addition, the concentration of C27, C29, and C31 among n-alkanes and CPIodd is also high. The seasonal variation of the relative contribution shows high level in spring and fall. According to the criteria, the fifth factor shows mixed characteristics.  Thus, it could be considered as a mixed one from various sources including vehicular sources and other combustion sources including biomass burning.  Moreover, it might be also affected by regional source due to the profile that C18:1 is almost 0 in the fifth factor.  Previous studies using measurement data in background area have suggested mixed sources as an important contributor (Minguillion et al., 2012; Choi et al., 2010).  Thus, the fifth factor is designated as mixed sources. It is possible to say that this fifth factor might be the transported carbonaceous aerosols, the source characteristics of which might be lost during transport and mixed together. However, since it takes the largest contribution of 32%, further study is warranted for this fifth factor.

      

      
        3. 3 PMF Result with 7 Factors
        In the results of the PMF model with 7 factors, biogenic sources and mixed sources of the result with 5 factors are divided into two, respectively. Factor profiles and relative contributions are presented in Fig. 2 and summarized in Table 3(b).

        
          
          

          Fig. 2. 
				
          

          
            Source profiles and relative contributions for the seven factors of the PMF modeling result at the Anmyeon Island GAW station (AMY). 
          
          

          

        

        First, biogenic source (23%) is divided into biogenic SOA (15%) and primary biogenic source (8%). The biogenic SOA factor shows high relative contribution of the n-alkenoic acids and cis-pinonic acid. Since cis-pinonic acid is the marker of the biogenic SOA (Choi et al., 2016; Rogge et al., 1993) and shows the highest concentration in this factor, this factor is determined as the biogenic SOA. This factor shows high contribution in summer (from June to September in 2015), as the typical trend for the SOA source. The other factor is designated as primary biogenic source. The profile of this factor presents the highest concentration of sugar which are mainly emitted from primary biogenic source (Rogge et al., 1993), such as fluctose and glucose, except levoglucosan. Moreover, value of the CPIodd is the highest as 10.49 among the factors. Seasonal variation of the relative contribution of this factor shows high contribution in spring. Thus, this factor might show the naturally emitted primary biogenic sources.

        Second, the mixed source (32%) is also divided into combustion source (15%) and mixed sources (19%).  The first one is the combustion related source. In the profile, high concentration of the n-alkanes and EC suggest that this factor is a primary source. In addition, PAHs and levoglucosan are presented in this factor.  According to these characteristics of the profile, it was determined as the combustion related factor. The last factor is still left as mixed source since it presents characteristics of several sources. Comparison of the identified sources and relative contributions of 5 and 7 factors is summarized in Table 4.

        
          Table 4. 
				
          

          
            Identified sources and relative contributions of 5 and 7 factors. 
          
          

        

        
          
            
              	Number of factors
              	5
              	7
            

          
          
            	Identified sources 
            	SOA (11%) 
            	Anthropogenic SOA (14%)
          

          
            	Biogenic sources (23%) 
            	Biogenic SOA (15%)
Primary biogenic source (8%)
          

          
            	Transported BB (17%) 
            	Transported BB (16%)
          

          
            	Local BB (17%) 
            	Local BB (13%)
          

          
            	Mixed sources (32%) 
            	Combustion related sources (15%)
Mixed sources (19%)
          

        

        

      

      
        3. 4 Conditional Probability Function (CPF) and Backward Trajectory Analysis for the Factors
        To further validate the PMF modeling result, analyses of air parcel movement were carried out by applying the CPFs and backward trajectory estimation for each factor and the results are presented in Fig. 3, Fig. 4, and Fig. 5 for 5 and 7 factors, respectively.

        
          
          

          Fig. 3. 
				
          

          
            The result of the Conditional Potential Function (CPF) and backward trajectories for three factors (Anthropogenic SOA, local biomass burning, transported biomass burning). 
          
          

          

        

        
          
          

          Fig. 4. 
				
          

          
            The result of the Conditional Potential Function (CPF) and backward trajectories for biogenic sources. 
          
          

          

        

        
          
          

          Fig. 5. 
				
          

          
            The result of the Conditional Potential Function (CPF) and backward trajectories for mixed sources. 
          
          

          

        

        In Fig. 3, analysis result for the three factors (anthropogenic SOA, local biomass burning, and transported biomass burning) that are the same in both 5 and 7 factors are presented. Backward trajectories for these three factors are the same for 5 factor and 7 factor cases. In case of the anthropogenic SOA factor, the major local wind directions were from northeast and southwest for both 5 and 7 factor cases and the CPF was high with the wind from southwest. The major backward trajectories were from northwest and southwest. Thus, the results of both backward trajectory and CPF of anthropogenic SOA agree and show impact of western side of AMY, probably China.

        The backward trajectories for the local biomass burning factor show that the air parcels were moved from various directions while those for the transported biomass burning were mainly from north. The CPF results for the local biomass burning factor show that local winds were mainly from north while those for the transported biomass burning were mainly from northwest.  The dominant backward trajectories of transported biomass burning were from north and northwest. Impact of biomass burning from China and North Korea to Seoul has been verified previously (Kim et al., 2013; Lee and Kim, 2007). Thus, these air parcels movement also support the classification of the local and transported biomass burning factors.

        The biogenic source and mixed sources for the 5 factor case are divided into two factors each, respectively for the 7 factor case. The divided factors show clearly distinctive air parcels movements as shown in Fig. 4 and Fig. 5. The biogenic source factor for the 5 factor case, the backward trajectories were from various directions.  However, in the biogenic SOA factor for the 7 factor case, backward trajectories were mainly from west while those of the primary biogenic source were mainly from northwest. The CPF results for the biogenic SOA were mainly from southeast and southwest while those for the primary biogenic source were mainly from northeast.  Marine origin aerosols were commonly reported as one of the organic sources in coastal areas (Meskhidze et al., 2011; Faccini et al., 2008) and southwest area from the AMY site is the Yellow Sea. Thus, the high possibility of southwest local wind to the sampling site might suggest impact from marine origin organic aerosols.  The CPF results also support that the primary biogenic source is mainly affected from inland of Korea.

        Mixed source was also divided into two factors, combustion related source and mixed sources in which local winds are mainly near to the site. The CPF results for these two factors were quite different with the result of mixed sources with 5 factors. While combustion related source shows high possibility at the northern side of sampling site, mixed sources factor shows high possibility at the southern side of it. Moreover, backward trajectories were clearly divided into two. Combustion source factor has backward trajectories mainly from northwest while mixed sources has trajectories from various directions. Thus, the mixed source in the 7 factor case is thought to be the combination of both local and regional one.

      

    

    

  
    
      4. SUMMARY
      The PMF model was applied to the one-year measurement data at the Anmyeon GAW station (AMY) to identify the major sources of carbonaceous aerosols.  Based on the evaluation of the performance parameters, the optimal number of factors was verified as 5 or 7.

      The major sources with 5 factors with relative contributions are; Secondary Organic Aerosols (SOA) (11%), biogenic sources (23%), local biomass burning (17%), transported biomass burning (17%), and mixed sources (32%). The major sources with 7 factors with relative contributions are; anthropogenic SOA (15%), biogenic SOA (15%), primary biogenic source (8%), local biomass burning (17%), transported biomass burning (16%), combustion related source (15%), and mixed sources (19%). With the case of 7 factors, the contribution from the mixed sources has decreased and the biogenic sources are further classified into primary and secondary biogenic sources, respectively.

      Temporal variation of the relative contributions of each factor and the air parcel movement analysis results also support the characterization of the factors be a reasonable one. Based on the receptor modeling result, it is suggested that the AMY site is affected by both the regional transport and local emissions which were mainly biogenic sources and biomass burning. It turned out that at AMY, carbonaceous aerosols from anthropogenic origin were not as significant as urban areas.
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