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Abstract: In spring of 2010, sixty total suspended particulate (TSP) samples we collected in Pengjia Islet, northern sea of
Taiwan, China. The concentrations of water-soluble ions (Na+, Mg2+, Ca2+, K*, NH,", CI, SO42’ and NO; ) in the TSP
samples were extracted and then determined using an Ion Chromatography. Using these data, we investigated the sources
of water-soluble ions by a multiple-technique analysis combining with the HYSPLIT model, ion stoichiometry, correlation
analysis of water-soluble ions and primary component analysis. According to a decreasing order in the average mass
concentration, these ions ranked as SO,%(7.70+4.53)ug/m’, CI(6.17+3.85)ug/m’, Na*(4.59+2.28)ug/m’, NO; (4.24+
3.07)ug/m’, NH, (1.53£1.20)pg/m’, Ca®'(0.95+1.47)ug/m’, Mg>(0.59+£0.30)ug/m’ and K'(0.31£0.17)pg/m’. The sea
water was identified as the dominant source for Cl, Na" and Mg?". Besides the contribution from the sea salt, the K™ had
other sources, such as coal and biomass burning, and mineral etc. 60% Ca’" came from the local construction dust, while
77% SO4* originated from coal and biomass burning. The NO; dominantly sourced from the vehicle exhaust, coal and
biomass burning, while NH," totally originated from the second inorganic aerosol and biomass burning. By combining our

results with previous findings, in spring, the concentrations of CI, Na"and Mg®" in TSP increased gradually from the
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Northeast of China to the Northwest Pacific Ocean; on the contrary, the Ca*", K", NH,", SO,* and NO; in TSP decreased

gradually. The spatial characteristics of different water—soluble ions in TSP were associated with their long-range

transport in the marine boundary layer.
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Table 1 Comparison of spring TSP water—soluble ions in Qingdao, Yellow Sea, East China Sea and Northwest Pacific
Ocean (ug/m’)

Hh Al Ay Na* Cl Mg** K" Ca>* S0,2 NO; NH,"
L0 2008 0.75£1.13 4274296  0.27+0.39  0.94+1.39 1.99+2.35  21.5+£11.3  21.2+18.1 8.75+8.38
it 2007 3.16£2.41  2.59+1.66  0.50+0.30  1.88+1.08  3.56+2.48 18.2+1.11 18.249.2 8.23+4.24

e 2003,2004  3.1£2.5 - 0.5+0.3 0.5£0.3 1.11.1 10.5+5.3 53429 2.4+1.4
AR 2005,2007 4.2443.43  5.24+6.51 0.52+0.41  0.30+0.27 0.44+0.28 6.06+4.31 2.36+2.77  1.60+1.37
g 2007,2008 4.89 6.07 0.62 0.42 0.57 113 4.41 3.27

WAL B CAHFSY) 2010 4.5942.28  6.17+£3.85  0.59+£0.30  0.31+0.17  0.95+1.47  7.70+4.53  4.24+£3.07  1.53£1.20
Phe 7 2010 5.34+4.68 12.749.89  0.60+0.48  0.31+0.23  0.62+0.49  2.37+2.04 1.95+1.42 0.74+0.48
PR 2014 6.74+4.50  11.3£8.19  0.84+0.55 0.29+0.16  0.45+0.24  4.69+3.22  2.34+2.55 1.224+0.94
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Fig.3 Spatial variations of spring TSP water—soluble ions in Qingdao, Yellow Sea, East China Sea and Northwest Pacific
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Table 2 Correlation analysis of spring TSP water—soluble ions in Pengjia Islet
R Na" Cl Mg*" K" Ca®’ SO NO, NH;"  nss—SO,%> nss-Ca®’  nss-K'
Na" 1
cl 0.950" 1
Mg** 0.951" 0873 1
K* 0.700" 0563  0.782" 1
Ca** 0.362" 0.23 0.508"  0.734" 1
So,’ 0319 0.1 0428  0.784™  0.594" 1
NO, 0.09 -0.08 0.306" 0.623"  0.628"  0.706" 1
NH," -0.09 -0.22 0.02 0396 0.07 0.723" 0675 1
nss—SO4* 0.2 -0.02 0317 0718 0.566™ 0992 0718  0.760" 1
nss—Ca®*  0.309° 0.18 0460 07077 0998 05877  0.636" 0.08 0.566" 1
nss-K 0.271" 0.12 0412 0873 07457 08387 07777 05897 08327  0.744" 1
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Table 3 Rotated component matrix of major components

24 PCI1 PC2 PC3
Na' 0.986 0.105 0.020
cr 0.987 -0.085 -0.079
Mg* 0.924 0.266 0.144
K 0.634 0.663 0.238
Ca*t 0.320 0.464 0.791
SO 0.210 0.901 0.109
NO, 0.004 0.877 0.331
NH," -0.177 0.905 -0.382
TR (%) 66.9 243 0.058
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