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Characteristics of Chemical Species in Gaseous and Aerosol Phase
Measured at Gosan, Korea During ABC—-EAREX2005
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Abstract

In this study, the cyclone/denuder/filter pack sampling system was used to measure the daily concentrations of
water soluble inorganic compounds of fine (D,<2.5 um) and coarse (D, <10 Um) size fractions of aerosol and
related gases at Gosan super site during ABC-EAREX 2005. The mean concentrations for HNO;, HNO,, NH;,
were 0.39, 0.08, and 0.29 pg/m°, respectively. Average concentrations of sulfate, nitrate, and ammonium in PM, s
were 3.39, 1.06, and 1.04 ug/m®, which occupied about 26% of total PM, s mass. In particular, more than half of
these ionic species were found in size of less than 2.5 pm. Gas phase nitric acid concentrations have shown high
correlation coefficient with NO, (R =0.80) and O (R =0.78), implying the active photochemical reactions from its
precursors. Equivalent molar ratios between major ion components, NH,*/nss SO,>” (0.83 for PM, s, 0.86 for
PM,,). revealed that the existing forms of the secondary aerosols were probably (NH,),SO, and (NH,),H (SO,),.
Especially, NH, T+ K™ +Ca’" +Mg>*)/ (NO;™+nss SO,*7) (0.99 for PM, 5, 1.05 for PM,,) indicated that some of
them existed not only as NH,NO; but also as CaSO, or KNO,, which pointed out the probability of influences from
the abundant soil components during Asian dust (AD) periods. These neutralized types of secondary aerosols

showed that pollutants could be aged and transported from a distance.
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Fig. 1. Location of Gosan super site.
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Table 1. Analytical condition of ion chromatography.

Ttem Anion (CI-, NO,~, NO,", SO,%) Cation (Na*, NH,*, K*, Mg®*, Ca*™)
IC model IC (Dionex, DX~2000) IC (Dionex, DX-1000)
Column IonPac AS18 IonPac CS16
Conductivity cell DS6 Heated Conductivity Cell DS6 Heated Conductivity Cell
Suppressor ASRS-ULTRA, 4mm CSRS-ULTRA, 4 mm
Eluent 12mM KOH Gradient Eluent 40 mM MSA Eluent
Flow rate 1 mL/min 1 mL/min

Sample injection volume

25 pL sample injection

25 uL sample injection
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Fig. 2. The schematic view of the annular denuder sys-
tem.
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Table 2. Temperature and residence time protocol of the
semi-continuous Sunset Lab OC/EC analyzer
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Fig. 3. Meteorological condition during ABC-EAREX2005.
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Table 3. Summary statistics of the gaseous and particulate chemical species.

* Phase Species Average Standard deviation Maximum Minimum Number of samples
SO, 0.006 0.012 0.161 ND* 690
Gas (ppm) NO, 0.003 0.005 0.135 ND 697
0, 0.049 0.018 0.302 ND 697
NH; 0.29 0.20 0.91 0.07 21
Gas (ug/m®) HNO, 0.08 0.05 0.22 0.01 23
HNO, 0.39 0.34 133 0.07 23
Mass 21.3 9.07 42.1 6.40 23
cr 0.56 0.52 2.40 0.09 23
S0, 3.39 " 162 7.00 1.54 23
NO;” 1.06 0.81 3.15 0.22 23
Na™ 0.46 0.29 1.46 0.16 23
PM, 5 (ug/m®) NH,* 1.04 0.61 2.33 0.32 23
K* 0.20 0.11 0.53 0.05 23
Mgt 0.10 0.05 0.19 0.02 23
Ca** 0.19 0.05 0.30 0.12 23
ocC 3.97 1.67 9.63 0.26 419
EC 1.17 0.76 4.15 0.11 420
Mass 39.3 18.2 79.3 12.5 23
cr 1.06 0.67 2.8 0.16 23
NeXa 5.92 3.24 11.9 1.94 23
NO;” 191 1.6 6.44 033 23
- PM,,(ug/m?) Na*t 0.92 0.49 2.29 0.29 23
NH,* 1.69 0.99 4.03 0.42 23
K* 0.31 0.19 0.82 0.05 23
Mg>* 0.21 0.1 0.47 0.09 23
Ca®* 0.38 0.31 1.17 0.06 23

* ND: Non detected.
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Fig. 6. Temporal variation of gaseous and particulate chemical species during ABC-EAREX2005.
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Table 4. Equivalent ratios between particulate inorganic

species.

Equivalent ratio PM,s PMy

NH, " /nss-SO,*" 0.83 0.86
NH, " /nss-SO,%"+NO;~ 0.68 0.70
NH, "/nss-S0,2 +NO; +CI” 056 054
NH, " +K*/nss-SO,> +NO;~ 075 0.76
NH,T-+K*+Ca**/nss-SO,>+NO;~ 0.88 0.90
NH, " +K"+Ca®*t +Mg?T/nss-SO,2 +NO;~ 099  1.05
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=0.192 X [nss—SO,271+0.29 x [NO; ] (2)
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b, PM, 9l NHHSO2 7HAPE w9}
(NH,),S0,2 7H & SA3kel B3t Aitzke] ¥
7} Z+z}b 0.84, 1.312 NH,HSO,8} 37 (NH,),S0,9]

Felex ARy EA5: Aoz veht, PM R
= Ev 235 g o)A} dlejzg JE st
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Fig. 10. Spatial distribution of airmass backward trajectories during ABC- EAREX2005.
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Fig. 11. Trajectory analysis for the episodic cases ((a) 3/15, (b) 3/25, (c) 3/31).
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W #E WEhlo] AR o] 23}§Ee] NH,NO;,
mn} ol]e}, CaSO} KNO;, Na,SO,, K;S0,8) 7ho]
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248 oAz 4o Fhd VY
Aol 2B MEBel AL G WS B
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HE7] A AA FA7z] A% GAH BHE
st 94" AL FNL 7|44 Az
NOAAZ2] HYSPLIT4 (Draxler and Hess, 2004)& A}
43t 27|70 F FFEFTA L152m g
1,000m 2xo] w3 1Ak tHog S35} 1
Az, 27 103 2] AA FA7|zbe] HE 4
F o 60%7} F= B3 AGelA fHe oz
vepsict. 53], 7k2AF HNOs2F HNO,, wlAHISIA 5
SO,>", NO;", NH," 9] sx7} &9l 34 1595}, 25
o, 310 WE GHA AL 29 116 vehtbZe] v
o] & FHAYGA FF F5EAGE 535S
717 FdET ASE BT Qi) ]2 RE
o] 7|ZHEtell AZE EAMEEY AT =5

Table 5. index ratios between inorganic species and carbonaceous materials during ABC- EAREX2005.

Source BC*TC  BC*OC  K'/BC* SO2/BC* SO /TC** SO /NO; ** References
ABC EAREX0S  02320.11 0294020 0.17£0.14 290:£187 066054 3202200 This study
INDOEX total 0424009 0774027 093£0.43 2224073 0.93+£043 -

INDOEX rCBL 0384009 0.65+022 0674031 1474038 0674031 - Viayo-bracero erat,
INDOEX MBL 0.434£0.09 0.81+028 1.00£044 235£0.70 1.00+0.44 -

Shanghai, CN,URB 031 0.4 0.30 234 0.72 234 Yeeral, 2002
Beijing, CN, URB 0.26 0.35 0.22 1.82 0.47 179 Duan eral, 2005
Seoul, KR, URB 041 0.70 0.05 2.08 0.85 165  Parkeral., 2005
Kanghwa, KR,RM  0.13 0.15 0.54 6.05 0.80 337 Leeeral. 1999
Tokyo, JP, URB 0.42 0.72 0.01 023 0.10 118 Holler er al., 2002
Nagano, JP, RM 051 1.05 - 114 0.58 330 Leeeral, 2001
China*** 0.237 0310 - 19.43 4.60 1.80

Japan®++ 0417 0.716 - 15.11 631 0.36

Korea, Rep. OFF** 0440 0786 - 37.68 16.6 063 ireets ef al. 2003
Korea, DPR¥** 0172 0208 - 1032 1.77 0.83

Mongolia*#* 0099  0.110 - 5316 0.53 0.46

Taiwan, China*#* 0444 0800 - 4700 209 0m

Andreae and Merlet,

Biofuel 0.11+£05 0.15£06 0.09%+03 0.70+0.10 0.081+0.84 - 2001
. Reddy and Venkataraman,
Biomass 0.11 0.13 - - - - 208'23
Fossil fuel 0.5£0.05 1 0 - - - -
Petrol (gasoline) 0.08 0.08 - 3 0.23 -
Diesel oil 0.69 2.21 - 5.23 3.6 - Reddy and Venkataraman,
Fuel oil 0.12 0.13 - 120 14.1 - 2002b
LPG 0.14 0.17 - 1.2 0.17 -
Natural gas 0 0 - - 0.01 -

* = ABC-EAREXO05 BC values are equal to EC, ** = National emission values are SO,/BC, SO./TC, SO,/NO, ratios, *** = All ratios are based on
national emission values in 2000, - = not available or not measured, URB = urban and industrial pollution, RM = remote area, CN = China, KR =

Korea, Rep. of, JP=Japan.
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