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PM,, and PM, 5 aerosol samples were collected at the Gosan site of Jeju Island during the spring season of
2016, and their major ionic species were analyzed, in order to examine the pollution characteristics of Asian
dust and haze aerosols. During non-event days, the mass concentrations of PM,, and PM, s aerosols were
30.1£13.9 and 15.7+6.3 pg/m?, respectively. The concentrations of non-sea salt (nss)-SO,* and NH," were res-
pectively 4.3 and 3.3 times higher in fine particle mode (PM, 5) than in coarse particle mode (PM, ., 5); how-
ever the NOj;™ concentration was 1.6 times higher in coarse particles than in fine particle mode. In addition,
the composition ratios of major secondary pollutants (nss-SO,*, NH,", NO;") were as high as 57.8% for PM, ., 5

and 92.8% for PM, 5. However, for the Asian dust days, the concentrations of nss-Ca"

and NOj increased

highly by 2.4 and 2.8 times, respectively, in coarse particle mode, and by 1.9 and 3.1 times, respectively, in
fine particle mode. For the haze days, the concentrations of secondary pollutants increased 2.2~ 6.0 and 2.4~3.3
times in coarse and fine particles, respectively, and were 2.3~3.1 and 1.0~2.4 times, respectively, than those
for the mist days. The atmospheric aerosols were acidified primarily by sulfuric and nitric acids. On the con-
trary, they were neutralized mainly by ammonia in fine particle mode during the haze days, but by calcium car-
bonate in coarse particle mode during the Asian dust days. Ammonium salts existed mostly as ammonium
sulfate in fine particles, but as ammonium nitrate as well as ammonium sulfate in coarse particles.
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PM, PM, 5 WIMIHA] Alg= =] ad =991 Al
= I2EEAANE3CITN, 126°10E)NA ANH 3T A&
= PM,yPM,; Sequential Air Sampler (APM Eng-
ineering, PMS-103/PMS-104, Korea)¢} H|ZZ IH
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PM, 3 PM,; o]43%-2 ol2a=rtE 19 (IC)
o7 BNt Yol2(NH,T, Nat, KT, Ca®t, Mg>")
2 Metrohm Modula IC (907 IC pump, 732 IC det-
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Table 2. Concentrations and their ratios of water-soluble
ionic species in coarse (PM,, 5) and fine (PM,5)

particles
Species Concentration (ug/m-) Ratio
PMy.55 PM,; (PM;.5PMy5)

NH,* 0.39 2.24 0.2
Na* 1.09 0.22 4.9
K* 0.15 0.15 1.0
nss-Ca?* 0.40 0.08 4.8
Mg+ 0.21 0.04 4.7
nss-SO,%> 0.55 5.94 0.1
NO, 2.67 0.36 7.4
Cr 0.70 0.07 104
F 0.00, 0.00, 2.1
HCOO 0.05 0.02 2.5
CH,COO 0.04 0.02 1.9
CH,SO; 0.01 0.06 0.2

2 e Zlow I 2 Y A
20143 =33 PM,;, ¥ E=(39.5+17.0 pgm?’),
PM,; 23552151274 pgm®)et vlwdt A3, PM,,
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£, 471, A, ik AGelA] 20099 SHE PM,
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~2.19] o w2 £EE YeRIAT?
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3, o ® s Aol Mlad Eitt. ofdl] Hlsl A
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o]

Table 1. Instrument detection limit (IDL) and coefficient of variation (CV) from the IC analysis (n=7)

Species NH,* Nat K+ Ca?t Mg+

SO~

NO, CF___F_ HCOO- CH,C00- CHS0;

IDL (ug/L) 15 34 4.0 8.3 1.2 52
CV (%) 0.5 1.1 13 2.6 0.4 1.7

2.0 2.1 0.1 0.5 0.6 0.2
0.6 0.7 0.3 1.5 1.9 0.7
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Fig. 1. Composition ratio of water-soluble ionic species in PM;,,5 and PM, 5 particles.

oA el SallE § A, Ak 5] FEpkgoE
ARFAS AHs] HEod, exv Fio IS
Hol =2 ghrtel 23t 3 mAIYAt

&17] Wtk & PM, ), T84 ol AR =
U o]2ke U= A (nss-S0,%, NO;, NH, )] )]
578%= 7H¢ ¥, o= I ENa", CI,
Mg?t) 31.8%, EXEE(nss-Ca®") 6.4%, F712M%
(CH,COO, HCOO) 14%<] ¥l&< JeRStk(Fig.
1).

T3 vjEgde] PM,; ol eAE FEE nss-SO- >
NH,* > NO; > Na* > K" > nss-Ca’"> Cl' >
CH;SO; > Mg* > CH;COO" > HCOO™ > F =
o= A Vel ©] % nss-SO2, NH,*, NOyo°] 7t
7} 594, 2.24, 036 pgm’= AP ES FEE
HeRR AT e sld, B 719 Na*, CI, nss-
Ca®* AREL nAIYAPIM AdiEoR syt vhe 7
S BIth 283 PM,, vAIIRES] 843 ol X
& o]AQHEA (nss-SO,%, NOy, NH, ol 2]
92.8%= A&t ZtARF D (PMyg55)°0 Bl 1.69H
H =2 ¥]&-S B} vhde d971 AR Na*, CI,
MgZhol 3.6%, EX71Y A (nss-Ca®") 0.9%, 714
JEMHCOO0", CH;CO0) 0.5%= °l5 w52 A
o7 e H&S Hole Zo® ZAEtHFig. 1).
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Table 3. Concentrations of ionic species and their ratios in coarse (PM;,,5) and fine (PM,5) particles related to the
various meteorological conditions

Concentrations (ug/m3) Ratio
Species PMig.55 PM, 5 T Pl\é%)}z.s T PII;/[Zz/S T
AD HZ MT NE AD HZ MT NE NE NE NE NE NE NE
NH,* 1.19 192 121 039 301 536 221 224 3.0 4.9 3.1 1.3 2.4 1.0
Na* 1.89 089 197 109 037 021 029 0.22 1.7 0.8 1.8 1.7 1.0 1.3
K* 0.18 012 017 015 027 032 022 0.15 1.2 0.8 1.1 1.8 2.2 1.5
nss-Ca?t 095 056 070 040 0.16 012 010 0.08 24 14 1.7 1.9 14 1.2
Mg?* 036 019 030 021 0.06 0.06 006 004 1.7 0.9 1.4 14 1.5 1.4
nSS-SO42' 150 332 153 055 827 14.68 565 594 27 6.0 2.8 14 2.5 1.0
NOy 741 584 6.15 267 112 120 086 036 28 2.2 2.3 3.1 3.3 2.4
Cr 221 032 188 0.70 0.08 0.06 0.06 0.07 3.2 0.5 2.7 1.2 0.9 0.9
F 001 000, 000, 000, 000, 000, 000, 001 61 26 23 53 43 36
HCOO" 0.08 0.06 0.05 0.05 0.01 0.02 0.00 0.02 1.6 1.3 1.1 0.4 0.8 0.2
CH,COO~ 0.04 0.09 005 004 0.00 0.02 001 0.02 1.1 2.1 1.3 0.2 0.9 0.3
CH,S04 0.01 0.03 0.04 0.01 0.09 019 016 0.06 1.2 3.5 43 14 3.2 2.6
AD: Asian Dust, HZ: Haze, MT: Mist, NE: Non-Event.
SOZ, NOy o]t HEAE A AL Aol PM,y,, %  HCl 2+ AR wkgo] & o} 3 oajet ut
AN F=rt 242 3.0, 27, 2.8 S7k6le] EF S0 A4¥ NHNO, NHHSO,, (NH,),SO0, 5°I

Q8 vszgh Z33ks Btk 28y PM, 5 PIAId A
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o]gl & dolt}, oljet Axh= 2014700 ) A 24 g
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Al H,SO0ke] wkgAde] ol A e £r2 dS
ARehe Aow deiA 3, H,S0, £9l% HNO,,

2 r°*'

It ol e B YL el AR
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daeis R0 g delw 25k 2
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o

i
N

FItH(Table 5).

I Alell= NH,*, nss-SO,%, NOy 0129 &4 o]
Hl@gdel] Bls PM;,oM 2.2~6.081, PM,elA

24~338] Z71slge). 28] o5 AREL s AR
Eo] ula] @A o Z718-S weth I ubE A] o]
4% FwE s £ 243, NH,Y, nss-50,%, NOyol
PMg, 50014 wi@gdel vjsi 2.8~3.18 S7ishd,
PM, ;ollX= NH, ¥ HSS-SO42€‘ H1& A} FARSIAL
NO;< 2.48) ) A58 2oz AT oA Y o]

5 HRES wrun A7 A 53 vlAg95ie

A H e FE 2718 Yot
g AL, A, sk @YU ZejiAst vl

JS Fig. 2~30l vlwsiich. 2ol B
o] F& o3 A=A (nss-S0,>, NO;, NH,M)el %=
ZgHlE SAE, AR, BRE Al PM, 5004 2t 63.8%,
83.0%, 632%% R, PM, A E z+2+ 92.2%,
95.5%, 90.6%= PM, 4 &4 o w& 2vE
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Fig. 2. Composition ratio of ionic species in coarse (PM, ., 5) particles during Asian dust, haze, mist and non-event days.
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Table 4. Comparison between the sums of equivalent concentrations of basic cations and acidic anions in coarse (PM;.5)
and fine (PM,;) particles

Coarse, peg/ms3

Fine, peg/ms3

Meteorology Cation Anion Cation Anion
HF 0.002  nss-SO,Z 0012 HY 0.006  nss-SO,” 0.124
NH,* 0.022  NOy 0.043  NH,* 0124  NOy 0.006
Non-event  nss-Ca?" 0.020  HCOO 0.001  nss-Ca?* 0.004  HCOO 0.000,
nss-Mg?* 0.007  CH,CO0 0.001  nss-Mg®* 0.002  CH,COO"  0.000,
Total 0.051 Total 0.057 Total 0.136 Total 0.131
HY 0.000,  nss-SO,* 0031 HY 0.004  nss-SO/* 0.172
NH,* 0.066  NOy 0.120  NH," 0.167  NOy 0.018
Asian Dust nss-Ca’" 0.048  HCOO 0.002  nss-Ca?* 0.008  HCOO 0.000,
nss-Mg?* 0.012  CH,COO 0.001  nss-Mg>* 0.002  CH,COO"  0.000,
Total 0.126 Total 0.155 Total 0.181 Total 0.190
HF 0.004  1ss-SO,Z 0069 HY 0.006  nss-SO,” 0.306
NH,* 0.107  NOy 0.094  NH," 0297  NOy 0.019
Haze nss-Ca?* 0.028  HCOO 0.001  nss-Ca®* 0.006  HCOO 0.000,
nss-Mg?* 0.007  CH,COO 0.001  nss-Mg>* 0.003  CH,COO"  0.000,
Total 0.146  Total 0.165  Total 0312  Total 0.326
HF 0.002  nss-SO,Z 0032 HY 0.006  nss-SO,” 0.118
NH,* 0.067  NOy 0.099  NH," 0122  NOy 0.014
Mist nss-Ca?* 0.035  HCOO 0.001  nss-Ca?* 0.005  HCOO 0.000,
nss-Mg?* 0.005  CH,COO 0.001  nss-Mg** 0.002  CH,COO"  0.000,
Total 0.109  Total 0.133  Total 0.135  Total 0.132

Table 5. Neutralization factors (NF) by ammonia and
calcium carbonate in coarse (PM,,5) and fine

[NH,NO;] = 4.44[ex-NH, ]

©

(PM,5) particles for Asian dust, haze, mist and
non-event days

Meteorology NP, NFeaco,
Coarse  Fine  Coarse  Fine
Non-event 0.38 0.95 0.35 0.03
Asian Dust 0.43 0.87 0.31 0.04
Haze 0.64 0.91 0.17 0.02
Mist 0.50 0.93 0.26 0.04

EA3tk= 7 8l nss-S0,%, NO;, NH, ' s==25
B o] %S el A@)~6r g8l Atk

[n55-S03 To/[NH; 1oy < 1,[(NH,),50,]1=1.38[nss-S0; ] (3)
[55-S03 1o/[NH; 1oy > 1,[(NH,),50,]1=3.67[NH, ] 4)
[ex-NH, ] = [NH,]-0.27[(NH,),S0,] ®)

Table 6] Azte} 7Fo] AL, A%, ¥HE Al (NHY,S0,
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PM,,:0014 22 2.8, 32, 2.8 pgm’2 PM,ol Hls)
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Table 6. Estimated concentrations of (NH,),SO, and NH,NO;

A9 - 7

o,

in coarse (PM;,5) and fine (PM,5) particles

Species Coarse, pg/ms3 Fine, pg/ms
P Non-event  Asian Dust Haze Mist Non-event  Asian Dust Haze Mist
(NH,S0O, 0.7 2.1 4.4 7.1 10.9 19.0 7.4
NH,NO, 0.9 2.8 3.2 14 0.3 1.1 0.9
n@gde] PM,3 PM,; AFEEE 247t 30. 1 air quality and health. Fact sheet No. 313. 2014.
15.7 w g/mSE )] tiEA] Kol e 1.9~2.14] 3. 21(;/111;; h;)pl:;/cleanamseoul.go.kr/ (accessed on Feb. 3,
sezo o]l XH O Zrholxlolx . o ‘
- TEE e D}'_ l; ‘;L “i s }Ol] 1 NOz© | 01} 4. Ministry of Environment (MOE), Fine Dust Counter-
 wil Heo R sjddRe] vt w2 v vAY measure Plan, http://www.me.go.kr/issue/finedust (ac-
M= 1914 7199 ojxtedEd wxrt EN = cessed on Feb. 23, 2017), 2017.
o == Jep9th 5. J. H. Kim, D. R. Choi, Y. S. Koo, J. B. Lee, H. J. Park,

7R dE 2= 3R Ao 2 A AR
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o]&o]

AGANA NOge: 24 S} stk @
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o1 i 2 A, W Al sl
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91w,

7] dojEe] AWdshs 2 kst Akl ofa]
dojutar, o F7IAke] Fshe PMy 4 2 =Y
o}, PM,,cME T2 ghkdgol PJSH dofuk= 2o
2 SRIFUTE 53] S} Alelle skl ¢J3 F3t
£o] YA N =3, AF *Mlt %HMOM] o] gt
S8kl PAUAIIN =& SHS UrEM% Aot EE
e AH R ZoiYAt = FhEEdt AR
wol FEE ollojzZol SAsht PM2.5—L— ool &
ARIEE JEE AsEE Zos FHH.

dAel =

o] =R 20169 AFUel FAXLARI 25l

m
rot

k]

1. World Health Organization (WHO), Using climate to
predict infectious disease outbreak: 1 review. Geneva:
World Health Organization Press, 2004, 37-42.

2. World Health Organization (WHO), Ambient (outdoor)

10.

11.

12.

13.

“Analysis of Domestic and Foreign Contributions
using DDM in CMAQ during Particulate Matter Epi-
sode Period of February 2014 in Seoul”, Journal of
Korean Society for Atmospheric Environment, 2016, 32,
82-99.

. Y. S. Koo, D. R. Choi, H. Y. Kwon, Y. K. Jang, and J. S.

Han, “Improvement of PM,, prediction in East Asia
using inverse modeling”, Atmospheric Environment,
2015, 106, 318-328.

S. U. Park, J. H. Cho, M. S. Park, “Analyses of high
aerosol concentration events (dense haze/mist) occur-
red in East Asia during 10-16 January 2013 using the
data simulated by the Aerosol Modeling System”, In
International Journal of Chemistry, 2013, 3, 10-26.

. National Institute of Meteorological Research (NIMR),

The 1st KORUS-AQ Science Team Meeting/Data
Workshop. (accessed on Feb. 27-Mar. 3, 2017), 2017.

. D. R. Hyeon, J. M. Song, K. ]J. Kim, W. H. Kim, C. H.

Kang, and H. J. Ko, “Compositions of haze aerosols
and their variation by inflow pathway of air mass at
Gosan site in Jeju Island during 2012-2013”, Analytical
Science & Technology, 2014, 27, 213-222.

P. McMurry, M. Shepherd, and J. Vickery, “Particulate
Matter Science for Policy Makers; a NARSTO
Assessment (Chapter 3)”, 2004, Cambridge Univer-
sity Press, U.K.

H. J. Shin, T. J. Lee, and D. S. Kim, “A Study on the
Size Distribution of Trace Metals Concentrations in
the Ambient Aerosols”, Journal of Korean Society for
Atmospheric Environment, 1996, 12, 67-77.

Na, D. J. and B. K. Lee, “A study on the characteristics
of PM,, and air-borne metallic elements produced in
the industrial city”, Journal of Korean Society for Atmo-
spheric Environment, 2000, 16, 23-35.

Y. J. Lee, S. A Jung, M. R. Jo, S. ]J. Kim, M. K. Park,
J. Y. Ahn, Y. S. Lyu, W. J. Choj, Y. D. Hong, J. S. Han.



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

AT wWigAe] 20160 B2 AL, AR dojRE 095

and J. H. Lim, “Characteristics of PM chemical com-
ponent during haze episode and Asian dust at Gwang-
ju”, Journal of Korean Society for Atmospheric Envi-
ronment, 2014, 30, 434-448.

NIER (National Institute of Environmental Research)
2010 The Annual report for operating result of air pol-
lution intensive monitoring stations, 2011.

H. Y. Jo, and C. H. Kim, “Characteristics of East Asia
synoptic meteorological conditions in association with
haze phenomena”, Afmosphere, 2010, 20, 161-172.

Y. Sun, G. Zhuang, A. Tang, Y. Wang, and Z. An, “Che-
mical characteristics of PM, 5 and PM,, in haze-fog
episodes in Beijing”, Environmental Science & Tech-
nology, 2006, 40, 3148-3155.

J. M. Song, J. O. Bu, S. H. Yang, J. Y. Lee, W. H. Kim,
and C. H. Kang, “Influences of Asian dust, haze, and
mist events on chemical compositions of fine par-
ticulate matters at Gosan site, Jeju island in 2014”,
Journal of Korean Society for Atmospheric Environ-
ment, 2016, 32, 67-81.

Y. Ichikawa, S. Naito, K. Ishii, and H. Oohashi, “Sea-
sonal variation of PM,; components observed in an
industrial area of Chiba prefecture, Japan”, Asian Jour-
nal of Atmospheric Envivonment, 2015, 9-1, 66-77.

D. Lim, T. ]J. Lee, and D. S. Kim, “Quantitative esti-
mation of precipitation scavenging and wind disper-
sion contributions for PM;, and NO, using long-term
air and weather monitoring database during 2000~
2009 in Korea”, Journal of Korean Society for Atmo-
spheric Environment, 2012, 28, 325-347.

D. L. Savoie, J. M. Preospero, and R. T. Nees, “Nitrate,
non sea-salt, and mineral aerosol over the northwest-
ern Indian ocean”, Journal of Geophysical Research,
1987, 92, 933-942.

M. Masiol, S. Squizzato, D. Ceccato, G. Rampazzo, and
B. Pavoni, “Determining the influence of different
atmospheric circulation patterns on PM,, chemical
composition in a source apportionment study”, Atmo-
spheric Environment, 2012, 63, 117-124.

H. S. Lee, C. M. Kang, B. W. Kang, and H. K. Kim, ‘A
study of concentration characteristics of acidic air pol-
lutants during the summer and winter seasons in
Seoul”, Journal of Korean Society for Atmospheric
Environment, 1999, 15, 113-120.

Z. H. Shon, K. H. Kim, S. K. Song, K. Jung, N. J. Kim,
J. B. Lee, “Relationship between water-soluble ions in
PM, 5 and their precursor gases in Seoul megacity”,
Atmospheric Environment, 2012, 59, 540-550.

Y. J. Lee, S. A. Jung, M. R. Jo, S. J. Kim, M. K. Park,
J. Y. Ahn, Y. S. Lyu, W. J. Choi, Y. D Hong, J. S. Han,

25.

26.

27.

28.

29.

31.

32.

33.

35.

HEA]

209

J. H. Lim, “Characteristics of PM chemical component
during haze episode and Asian dust at Gwang-ju”,
Journal of Korean Society for Atmospheric Environ-
ment, 2014, 30, 434-448.

S. H. Cho, P R. Kim, Y. J. Han, H. W. Kim, and S. M.
Yi, “Characteristics of ionic and carbonaceous com-
pounds in PM,; and high concentration events in
Chuncheon, Korea”, Journal of Korean Society for
Atmospheric Environment, 2016, 32, 435-447.

Y. Wang, G. Zhuang, A. Tang, H. Yuan, Y. Sun, S. Chen,
and A. Zheng, “The ion chemistry and the source of
PM, 5 aerosol in Beijing”, Atmospheric Environment,
2005, 39, 3771-3784.

Y. Wang, G. Zhuang, X. Zhang, K. Huang, C. Xu, A.
Tang, J. Chen, and Z. An, “The ion chemistry, seasonal
cycle, and source of PM, 5 and TSP aerosol in Shan-
hai”, Atmospheric Environment, 2006, 40, 2935-2952.
D. Lee, J. Park, B. Kong, S. Lee, H. Kim, J. Park, H.
Jeon, and S. Seo, “The characteristics of the air pol-
lutants distribution and concentration at the Baeng-
nyeong island (III)”, National Institute of Environ-
mental Research, 2010.

S. B. Lee, G. N. Bae, Y. P Kim, H. C. Jin, Y. S. Yoon,
and K. C. Moon, “Aerosol characteristics at Tokchok
island in the yellow sea”, Journal of Korean Society for
Atmospheric Environment, 2002, 18, 305-316.

. R. Zhang, Z. Shen, T. Cheng, M. Zhang, Y. Liu, “The

elemental composition of atmospheric particles at Bei-
jing during Asian dust events in spring 2004”, Aerosol
and Air Quality Research, 2010, 10, 67-75.

B. Roth, and K. Okada, “on the modification of sea-salt
particles in the coastal atmosphere”, Atmospheric
Envivonment, 1998, 32, 1555-1569.

E J. Dentener, G. R. Carmichael, Y. Zhang, J. Lelieveld,
and P. J. Crutzen, “Role of mineral aerosol as a reac-
tive surface in the global troposphere”, Journal of Geo-
physical Research, 1996, 101, 22869-22889.

R. Rengarajan, A. K. Sudheer, and M. M. Sarin, “Win-
tertime PM,; and PM;, carbonaceous and inorganic
constituents from urban site in western India”, Atmo-
spheric Research, 2011, 102, 420-431.

. S. A. Shin, J. S. Han, Y. D. Hong, J. Y. Ahn, K. J. Moon,

S. J. Lee, and S. D. Kim, “Chemical composition and
features of Asian dust observed in Korea (2000-2002)”,
Journal of Korean Society for Atmospheric Environ-
ment, 2005, 21, 119-129.

L. Zhuang, and B. J. Huebert, “Lagrangian analysis of
the total ammonia budget during Atlantic stratocu-
mulus transition experiment/marine aerosol and gas
exchange”, Journal of Geophysical Research, 1996, 101,



210

SN - RES A
4341-4350.

36. T. Szigeti, V. G. Mihucz, M. Ovéri, A. Baysal, S. Atilgan,

S. Akman, and G. Zéray, “Chemical characterization of
PM, 5 fractions of urban aerosol collected in Budapest
and Istanbul”, Microchemical Journal, 2013, 107, 86-
94.

37. J.S. Park, C. H. Kim, J. J. Lee, J. H. Kim, U. H. Hwang,

and S. D. Kim, “A study on the chemical mass compo-
sition of particle matter in Seoul”, Journal of Korean
Society of Urban Environment, 2010, 10, 293-303.

38. J. H. Seinfeld, and S. N. Pandis, “Atmospheric chem-

istry and physics”, John Wiley & Sons, New York,
USA, 1998, 408.

39. J. N. Galloway, and W. C. Keene, “Processes controlling

S8 - 7))

9 - s

e

gl

the concentrations of SO,%, NO,, NH,*, H*, HCOO;
and CH3COO+ in precipitation on Bermuda”, Tellus,
1989, 41B, 427-443.

40. W. P. Robarge, J. T. Walker, R. B. McCulloch, and G.

Murray, “Atmospheric concentrations of ammonia and
ammonium at an agricultural site in the southeast
United States”, Atmospheric Environment, 2002, 36,
1661-1674.

41. W. Rogula-Koztowska, K. Klejnowski, P. Rogula-Kop-

iec, L. Osrédka, E. Krajny, B. Blaszczak, and B. Mat-
hews, “Spatial and seasonal variability of the mass
concentration and chemical composition of PM, 5 in
Poland”, Air Quality Atmospheric & Health, 2014, 7,
41-58.



