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Abstract: The size fractionated atmospheric aerosols have been collected at Gosan site of Jeju Island during
2010~2011, and then their characteristics of acidification and neutralization have been investigated. The anthropogenic
NH," and nss-SO4* showed high concentrations mostly at ultra-fine particle mode of 0.7~1.1 um, but they also had
a bimodal distribution showing high concentrations at coarse particle mode of 4.7~5.8 pm during Asian Dust periods.
The concentrations of nss-Ca®* and NO;™ were relatively high at coarse particle mode of 3.3~4.7 um, especially NO5™
showed high concentrations with a bimodal pattern at both fine and coarse particle modes. The acidification of
atmospheric aerosols at Gosan area was contributed mostly by inorganic sulfuric and nitric acids, while the contribution
by organic formic and acetic acids was only 1.6~6.4%. Furthermore, the neutralization of acidic species among
atmospheric aerosols was performed mostly by NH;, CaCO; and MgCO:;, especially the neutralization by NH; was
high in fine particle mode, while that by CaCO; was relatively high in coarse particle mode.
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Table 1. Time table for the collection of atmospheric aerosol samples at Gosan site

Sampling sequence

Sampling period

1st (Non-Asian Dust) 2010. 3/13 9:00~3/15 15:20 (54 hr 20 min)
2nd (Asian Dust) 2010. 3/20 9:00~3/21 13:00 (28 hr)
3rd (Non-Asian Dust) 2010. 5/1 9:00~5/4 9:00 (72 hr)
4th (Non-Asian Dust) 2010. 5/8 9:00~5/9 9:00 (24 hr)
5th (Non-Asian Dust) 2011. 3/19 19:15~3/21 9:00 (34 hr 45 min)
6th (Asian Dust) 2011. 5/1 11:30~5/3 9:30 (46 hr)
7th (Non-Asian Dust) 2011. 5/7 10:10~5/9 10:30 (48 hr 20 min)
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Table 2. Instrumental conditions for the ion chromatographic analysis

Instrumental Cation Anion Organic acid
IC Metrohm Modula IC Metrohm Modula IC Metrohm Modula IC
(907 IC pump/732IC detector) (907 IC pump/732IC detector) (818 IC pump/819 IC detector)
Column Metrosep C2-150 & Metrosep A-SUPP-4 Metrosep A SUPP 16-250
Metrosep C4-150
Eluent 2.0 mM nitric acid & 1.8 mM NaHCOs/ 0.75 mM NaOH/
4.0 mM HNO;s 1.7 mM Na,COs; 7.5 mM Na,CO;
Suppressor - 200 mM H,SOy4 200 mM H,SOy4
Flow rate 1.0 mL/min 0.7 mL/min 0.8 mL/min
Injection volume 100 puL & 50 pL 50 uL 100 pL
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Table 3. Instrumental detection limit (IDL) and relative standard deviation (RSD) for the analysis of ionic species by ion
chromatography (n=7)

Species NH," Na* K* Ca** Mg** S0
IDL (ug/L) ~11.9 ~9.1 ~14.1 ~15.1 ~14.8 ~253
RSD (%) ~6.1 ~3.1 ~5.1 ~6.5 ~4.4 ~72
Species NO;” cr F HCOO™ CH;COO™ CH;S0;
IDL (ug/L) ~11.3 ~8.0 ~2.9 ~4.1 ~2.8 ~2.7
RSD (%) ~32 ~2.0 ~25 ~3.0 ~1.8 ~1.7
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Table 4. Concentration of ionic species in size-fractionated aerosols during Non-Asian Dust periods

Concentration (ug/m®)

Species 04~0.7pum 0.7~1.1pm 1.1~2.1 pm 2.1~33 um 3.3~4.7 um 4.7~5.8 ym 5.8~9.0 um 9.0 pm up Overall
pH 5.93 6.17 6.02 591 575 6.01 573 5.68 -
NH,* 0.38 0.81 031 0.13 0.06 0.04 0.04 0.05 1.82
Na* 0.18 0.24 0.24 0.33 0.37 0.26 0.21 0.24 2.08
K 0.07 0.09 0.07 0.05 0.04 0.05 0.04 0.05 0.46
nss-Ca* 0.02 0.05 0.12 0.18 0.19 0.15 0.14 0.07 0.92
Mg 0.004 0.01 0.03 0.04 0.04 0.03 0.03 0.01 0.20
nss-SO2 121 2.13 1.07 0.39 0.28 0.18 0.18 0.17 5.60
NO;™ 0.16 0.42 0.56 0.72 0.73 0.45 0.46 0.44 3.94
cr 0.04 0.11 0.14 0.25 0.37 025 0.27 021 1.64
HCO; 0.26 0.45 0.26 0.45 0.32 0.40 0.18 0.13 2.45
F 0.004 0.001 0.007 0.005 0.010 0.007 0.005 0007  0.05
HCOO" 0.008 0.018 0.013 0.015 0.025 0.007 0.011 0039  0.14
CH;COO™  0.005 0.004 0.004 0.003 0.010 0.004 0.004 0010  0.04
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Table 5. Concentration of ionic species in size-fractionated aerosols during Asian Dust periods

Concentration (ug/m’)

Species 0.4~0.7pm 0.7~1.1pm 1.1~2.1pm 2.1~33 um 33~4.7pm 4.7~5.8 um 5.8~9.0pum 9.0 pmup  Overall
pH 6.84 6.90 7.10 733 738 7.11 729 7.01 -
NH,* 0.74 1.28 1.53 0.65 0.64 025 0.54 0.67 630
Na* 0.20 0.16 0.46 0.81 0.92 0.40 0.89 1.03 488
K 0.19 0.20 0.24 0.20 0.17 0.13 0.15 0.14 1.42
nss-Ca2* 021 0.29 1.02 281 2.82 1.68 235 1.97 132
Mg 0.02 0.03 0.12 027 027 0.14 0.20 0.20 1.24
nss-SO2 1.07 1.94 2.17 1.54 142 081 1.45 1.37 118
NO; 0.18 055 1.64 3.22 231 0.90 1.21 0.75 10.8
cr 032 035 0.53 0.93 L11 0.71 1.28 1.54 6.76
HCO; 230 2.67 4.98 7.79 8.72 441 732 6.38 44.6
F 0.041 0.040 0.035 0.048 0.034 0.037 0.018 0.016 027
HCOO 0.127 0.109 0.086 0.152 0.082 0.085 0.069 0.086 0.79
CH;COO™ 0.066 0.043 0.027 0.057 0.041 0.032 0.022 0.020 031
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1. Concentration variations of the major ionic species with relation to aerosol particle sizes for Non-Asian Dust (NAD)
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Tuble 6. Sums of equivalent concentrations (peq/m’) of basic cations and acidic anions in coarse and fine particles for Non-
Asian Dust (NAD) and Asian Dust (AD) periods

Period Coarse particle (d,>2.1 um) Fine particle (d, <2.1 pm)
er10
Cation Anion Cation Anion
H* 0.0085 nss-SO,> 0.025 HY 0.0026 nss-SO4> 0.092
NH,* 0.018 NO;~ 0.045 NH,* 0.083 NO;~ 0.018
NAD nss-Ca* 0.036 HCOO™ 0.002 nss-Ca> 0.010 HCOO™ 0.001
Mg** 0.013 CH;COO™  0.0005 Mg 0.04 CH;COO™  0.0002
HCO;™ 0.024 HCO; 0.016
Total 0.075 Total 0.097 Total 0.099 Total 0.127
H* 0.0004 nss-SO,> 0.137 H* 0.0004 nss-SO,% 0.108
NH,* 0.153 NO;~ 0.135 NH,* 0.196 NO;~ 0.038
nss-Ca** 0.581 HCOO~ 0.011 nss-Ca”* 0.076 HCOO™ 0.007
AD Mg2* 0.089 CH:COO™ 0,003 Mg2* 0.014 CH:COO™ 0002
HCO;~ 0.567 HCO;~ 0.163
Total 0.823 Total 0.853 Total 0.286 Total 0.319

0.050 0.12

y=1.1615x + 0.0019
R?*=0.8185 (=0.905) [}

y=1.0757x + 0.0067
R =0.9107 (r=0.954) -

0.040

0.08

0.030 +

0.020

0.04

0010 oy

Coarse Fine

3([nss-SO2 HNO;HHCOOTHCH;COO+HCO5T)

Z([nss-SO,” #+{NOs+HCOOT+[CH,COO+HCO51)

0.000 T 0 T T
0.000 0.010 0.020 0.030 0.040 0.050 0 0.04 0.08 0.12

([H*}#NH,"J+{nss Ca>T+{Mg>) Z([H*)+NH,"Fnss-Ca> +[Mg>])

Fig. 2. Correlations between the sums of major anionic and cationic species in coarse and fine particles for Non-Asian Dust
periods.
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Fig. 3. Correlations between the sums of major anionic and cationic species in coarse and fine particles for Asian Dust

periods.
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Table 7. Neutralization factors (NF) by ammonia and calcium
carbonate in coarse and fine particles during Non-
Asian Dust and Asian Dust periods.

NFxnu3 NFcacos

Period

Coarse Fine Coarse Fine

Non-Asian Dust 0.25 0.75 0.50 0.09
Asian Dust 0.53 1.26 2.03 0.49
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