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S1 Sample collection and chemical analyses
Aerosol was collected on quartz filters (8 × 10 inch, Tissuquartz™ Filters, 2500 QAT-UP, Pallflex, Washington, USA) using a special high-flow rate (1.05 ± 0.03 m3/min) KC-1000 sampler (Laoshan Institute for Electronic Equipment, Qingdao, China), which were installed 1m above the building (about 15m) roof’s surface of the station of SCSIO, CAS, and there was not obvious pollution around this station. The sampling time was nominally 96 hours (4 days one sample). Three blank filters were taken from each package (25 filters). All samples and blank filters were stored in a refrigerator at −20°C until analysis in the laboratory. 
In the laboratory, one eighth filters were cut and placed in a clean 50-ml Nalgene tube with additional 35-ml ultrapure water. These tubes were washed for 30 minutes using ultrasonic vibration. They were then shaken for 30 minutes on a horizontal shaker at a rate of ~300 rpm and left to rest for another 30 minutes at room temperature. The extract was filtered using pinhole filters, which were then rinsed twice with 5-ml ultrapure water. The extract and rinse were put into 50-ml tubes together and stored in a refrigerator at −20 °C until chemical analyses.
Major anion concentrations (F-, Cl-, NO3-, SO42-, Br-) were determined by ICS-90 ion chromatography (Dionex, California, USA). Water-soluble metal and nonmetal elemental concentrations (Al, Ca, Fe, K, Mg, Mn, Na, SiO2, Sr) were analyzed by an MPX inductively coupled plasma optical emission spectrometer (ICP-OES, Vista, CA, USA). NH4+ concentration was determined by spectrophotometry after treatment with Nessler’s reagent. The detection limits of F-, Cl-, NO3-, SO42-, Br- were 0.03, 0.03, 0.08, 0.075 and 0.1 mg/L, respectively, and the relative standard deviation of these ions of standard samples were 0.57%, 2.55%, 1.16%, 1.36% and 11.36%, respectively (Xiao et al., 2013 and 2016). The detection limits of Al, Ca, Fe, K, Mg, Mn, Na, SiO2, Sr were 0.025, 0.003, 0.002, 0.06, 0.0005, 0.0005, 0.02, 0.015 and 0.00008 mg/L, respectively, and the relative standard deviation of these ions of standard samples were less than 1.5% (Xiao et al., 2013 and 2016). The detection limit of NH4+ was 0.1 mg/L and its relative standard deviation was less than 5.0% (Xiao et al., 2013 and 2016). In this study, Al and Br- in most of samples was less than the detection limit.

S2 Back trajectories and concentration weighted trajectories analysis
[bookmark: _GoBack]Back trajectories and concentration weighted trajectories (CWT) are used to determine the long-distance transport of atmospheric pollutants and regional source areas (Cheng et al., 2013; Xiao et al., 2014 and 2015). The CWT is a good model to estimate potential sources areas, when grid cells are more than 2 trajectory segment endpoint (Cheng et al., 2013). For each day, 10-day (240 hours) back trajectories of air masses (Pavuluri et al., 2015) arriving at Yongxing Island were computed by the program of TrajStat (version 1.2.26) (Wang et al., 2009) with Global Data Assimilation System (GDAS) data (http://www.arl.noaa.gov/HYSPLIT.php) of GDAS one-degree archive (Xiao et al., 2015). The top of model was set to 1000m above sea level. 10-day back trajectories are used in this study since trajectories of a short duration are not long enough to indicate possible distant sources regions (Harris and Kahl, 1990). We also used the program of TrajStat to model CWT of TSP, and Ca2+, Mg2+, K+, SO42-, NO3- and NH4+ concentrations at the island. In CWT model, each grid cell receives a weighted concentration obtained by averaging sample concentrations that have associated trajectories crossing the grid cell as follows (Eq. S1; Wang et al., 2009; Xiao et al., 2014 and 2015).

    (S1)
where Cij is the average weighted concentration in grid cell (i, j); l is the index of the trajectory; Cl is the measured ionic concentration, corresponding with the arrival of back-trajectory l at the sampling site; τijl is the time spent in the grid cell (i, j) by trajectory l; M is the total number of back trajectories. The region from 70°E to 160°E and from 20°S to 60°N was defined as the source domain based on back trajectories during the sampling period, containing 14,400 grid cells of 0.5° × 0.5°. 

S3 Positive matrix factorization model
Receptor models are used to quantify the contributions of sources to samples based on the composition or fingerprints of the sources (Norris et al., 2014). The positive matrix factorization (PMF) is an effective source apportionment receptor model that does not require source profiles prior to analysis and has no limitation on source numbers (Crippa et al., 2013; Tiwari et al., 2013; Zhang et al., 2011; Zhang et al., 2015). The PMF model describes the observation (xij) as a linear combination of a number of factors p for each time step i and j, whose contribution over time is always positive (gk) and whose mass spectra (fk) are static (see Eq. S2; Crippa et al., 2013; Paatero et al., 2014). 

       (S2)
where eij is the residual. PMF decomposes the matrix of speciated sample data into two matrices: factor contributions (G) and factor profiles (F) (Norris et al., 2014). G and F are derived by the PMF model minimizing the objective function Q (Eq. S3):

        (S3)
where uij is the measurement uncertainty. In our study, PMF 5.0 (United States Environmental Protection Agency) was used to determine source apportionment of each major ion based on F-, Cl-, NO3-, SO42-, NH4+, Ca, K, Mg, Mn, Fe, Na, and Sr by sampling time, with uncertainties by species provided by the analytical library. However, we downweighted Fe and F- since they had low signal-to-noise ratios (S/N), and there were no excluded species and samples. We run PMF for the range of number factors from 2 to 10, and examine the Q(Robust)/Qexp to choose the best model number of factors (P). Five physically realistic sources major ions were identified, i.e., sea salt (two species, Na and Mg), secondary inorganic aerosol (SIA; F-, SO42- and NO3-), oceanic emission (NH4+), and crust (Mn). The model results show that there are good relationships between observed (input data) values and predicted (modeled) values of each major ion except Sr and F- (correlation coefficients R2 were 0.94, 0.93, 0.94, 0.80, 1.00, 0.93, 0.95, 0.91, 0.59, 1.00, 0.40 and 0.40 for Na, Cl-, SO42-, K, Mg, Ca, NH4+, NO3-, Fe, Mn, Sr, and F-,respectively), and the modeled values of time series are fitting the observed values well. For the best solution chosen above, we run PMF for Fpeak in Rotational Tools (-1.0, -0.8, -0.6, -0.4, -0.2, -0.01, 0.01, 0.2, 0.4, 0.6, 0.8 and 1.0). The results show that the best solution is the Fpeak near to zero (-0.01 and 0.01) for P 5.
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