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Abstract: The atmospheric aerosols of PM;y and PM, 5 were collected at Gosan site of Jeju Island during 2012-
2013. Their ionic and elemental species were analyzed in order to examine the composition variation of the
haze aerosols in accordance with the pathway of air mass. The concentrations of nss-SO4>~, NO;~, and NH,"
increased 2.1~3.7 times in coarse particle and 3.1~6.5 times in fine particle modes, respectively, showing
especially high NO;~ concentrations in fine particles during the haze days. The concentrations of S, Zn, Pb
and K increased 3.0~5.6 times in coarse particles and 3.2~7.7 times in fine particles during the haze days,
on the other hand Al, Fe, and Ca concentrations were high only in coarse particles. Due to the back trajectory
analysis, the concentrations of nss-SO,*~ and NO;~ for haze days were high when the inflow pathway of air
mass was from China, especially a high increase of NO;~ as through the south of China. The NO;/nss-SO,*
concentration ratio was relatively high in coarse mode as air mass inflow from China, but in fine mode it
was high as air mass passing through the Korean peninsula.
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Modula IC (818 IC pump, 819 IC detector)E A}-& 3}
°=1 Metrohm Metrosep C4-150 ¥2]#, 0.9 mL/min
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NO;, CI)& &L ICE AH8-3t] Metrohm Metrosep
A-SUPP-5 ¥ ¥, 0.7 mL/min 4, 50 pL Al &
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Table 1. Instrumental detection limit (IDL) and coefficient of
variation (CV) for IC analysis (n=7)

Species NH,* Na* K* Ca*"
IDL(ugl)  ~96  ~187  ~179  ~177
CV(%) ~2.1 ~4.9 ~5.5 ~5.6
Species Mg?* S0 NO;~ CI-
IDL(ugL)  ~119  ~48  ~81  ~37
CV(%) 28 <15 25  ~08

JH3, 1.0 mM NaHCO;/3.2 mM Na,CO; &2,
200 mM H,SO, A ZH A gl o=z BAs
o BEEAAZAL 1 2 FFEZ (AldrichAF K,S0,,
99.99%, KNO; 99. 99%, NaCl 99.999%)= 1000 pg/mL
EFZEYE A & o]& 0.1, 0.5, 1.0, 5.0 ng/mL
FTEZ 3% %%‘—% o]-g-3ted 23kt

BEARTA 2 A ABFAY] A A
F()7F 0.999 ool H=E IC 71712 A&
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T&F32, 7)ol Student-t (99% Al =]
14) 3HS F3ste] AAEIT IC B4 3d e
1HESHA &4 Al 73] wHE3 dlolE e 15H
5 A 4(CV, coefficient of variation)ZS 74t 5}
sl olEA T3 IC B4 9] 71714 &3 A (IDL)
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I Fig. 3~49] Azte} o] AT Al nss-SO,.7,
NO;, NH,' A &9] vl &2 ZUlYdAtals 244 222,
372, 9.0%% AA AE Fol 68.4%2 A4S A3

BN Haze
Non-event
12.0 —e— HZ/NE Ratio

Concentration (pglms)
HZ/NE Ratio

ca?* 8042

Fig. 1. Comparison of concentrations and their ratios of
ionic species in coarse particles during haze and non-

event days.
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Fig. 2. Comparison of concentrations and their ratios of
ionic species in fine particles during haze and non-
event days.
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Fig. 3. Composition ratios of ionic species in coarse particles
during haze and non-event days.
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Fig. 4. Composition ratios of ionic species in fine particles
during haze and non-event days.
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Table 2. Concentrations and their ratios of ionic species in coarse (PMjg,5) and fine (PM, ) particles during haze (HZ, n=13)
and non-event (NE, n=99) days

Concentrations (pg/m®) Ratio
Species Coarse Fine Coarse Fine
HZ NE HZ NE HZ/NE HZ/NE
NH," 1.35 0.37 7.28 2.05 3.7 3.6
Na* 1.82 242 0.31 0.37 0.8 0.8
K* 0.19 0.16 0.54 0.15 1.2 3.6
nss-Ca** 0.59 0.19 0.07 0.05 3.1 1.4
Mg** 0.35 0.27 0.08 0.04 1.3 2.0
nss-SO4*~ 3.32 1.60 17.4 5.64 2.1 3.1
NO;~ 5.56 1.99 6.76 1.04 2.8 6.5
Cr 1.78 2.95 0.23 0.21 0.6 1.1

Table 3. Concentrations and their ratios of elemental species in coarse (PMo,s) and fine (PM,;s) particles during haze (HZ,

n=4) and non-event (NE, n=19) days

Concentration (ng/m®) Ratio
Species Coarse Fine Coarse Fine
HZ NE HZ NE HZ/NE HZ/NE

Al 1300 296 82.5 91.2 44 0.9

Fe 807 136 166 100 5.9 1.7

Ca 798 166 86.9 433 4.8 2.0

Na 1740 1370 184 184 1.3 1.0

K 322 81.8 119 21.8 39 5.5

Mg 382 204 483 38.1 1.9 1.3

S 1470 490 1570 495 3.0 32

Ti 39.6 15.7 52 2.1 2.5 2.5

Mn 15.2 32 9.2 2.4 4.8 3.8

Ba 6.6 1.8 3.0 0.9 3.7 33

Sr 5.0 1.8 0.8 0.3 2.8 2.7

7n 429 8.5 19.6 5.3 5.0 3.7

v 4.0 1.5 42 2.5 2.7 1.7

Cr 35 0.9 2.3 2.5 39 0.9

Pb 21.9 3.9 19.9 2.6 5.6 7.7

Cu 6.4 1.9 2.1 0.7 34 3.0

Ni 9.8 4.0 2.0 1.7 2.5 1.2

Co 0.4 0.2 0.1 0.1 2.0 1.0

Mo 0.5 0.1 0.3 0.1 5.0 3.0

Cd 0.4 0.1 0.3 0.04 4.0 7.5
Atk 2 m A A = olE AEES] HIEo] ZAFE AT
A7 532,207, 23%% A 240 962%F A who] % 719e] Na', O A Al 2o 9ol
ato] A Aldl o] AEES Al A =2 A A 22 122, 11.9%, BlAIdARIA 242 1.0, 0.7%E
S 591 9 % 29T o148 AT Wy A d,  2dd zudAe mAAR A = HEAd] b
EF 714 QRS9 G AR ot A91F 7] ) e 2AHE vef . ES7199) nss-Ca*
99 22} 0PEBA JRES 2 HFS E o AR A ZUUANE 40%2 HAYe
3 zU QAR WA 7 Jgel 2 Rom  Lowel Wal AW, AN E AT A 02%,
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59 Q1915 7Y AEEC] vddde vlE 22U
Zpoll A ZFZ: 3.0, 5.0, 5.6 Wi, Bl A QA oA Z+2; 3.2,
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UEeRf o] Kol Q19121 wiZel 93] dARE 71573
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719 }‘_]'r"é"f: AT Al vl vlE] 2 YAt
M 247} 44,59, 4.8 v, A G RA] 0.9, 1.7, 2.0 Bl
2 937 Z\:H01;<]—oﬂ}\‘1 TE7 Y ZU1sk Aow %
A=A, Ti, Ba, Sr 52 24 AFe; ml Al YAt A
77}y 2.5, 3.7, 2.8, 2.5, 33, 2702 H| 8 =
S7hFAE 23

T3 AN EES] AL A
AJE(S, Zn, PbyS 2 AN A A
7+7k 22.0, 18.0%, B A At Al A

77k 69.3, 50.6%= AT Al

= o
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=0 =zxH

mAYARNA B e 2gHE eSS 2
U B A FAE(A] Fe, Ca)el A Zoid#
oA Ao} nj@ gLl 7z} 417, 21.4%, HIAI YA}
oA 77} 143, 23.6%= A Ao 2Ol YAl =
ZA87E o} pAlgAl e ke A BT
T K 24l Aot vl del 4.6, 2.9%,
i YA B

A AN 5.1, 22%= AT Ao F
A 27 =2 AFE BATh

=3

312 OJMHXIe AtAMst
AR Y] Fo F8A o]
d o] SR FAH] SlojA o
A% vlashd A3 9 =3 EHS &
o} dukA Oi 72 wEg gAsl e
2 Ashihe- 713 HoS0, HNO;S.2 11 8He
2L °‘“*4°Wr E%e] 9714 E3(CaCOs, Ca0,

j= fliest o ==
Mg(OH), F)J—L]_ Hke-3led QA HAMS = AAk

Ll Mo ¥O o N

o2 mAHA e EEZTHY wEhA S0,7 9k NOy 9
TEE F5 EFH 2 HS0, HNOsO| AHd st
715 E B F At ol& S8 AT} vELd
o] Fhol23} Zh ol o] FHEEE H WIS
Table 4°] Ao} 7o) vj@Fdol| Fol23} o]29]
FFEE T2 Al g=lA 22t 0.045, 0.065 peq/

m?, Bl AR A ZF2E 0.125, 0.135 peg/m®e|ATH B
‘E‘%— Alells ZHYAAA Fol3 Sol2e] FFs
& Fo] 27t 0.156, 0.163 peg/m?, PIAI YA A ZHzt
0.440, 0.471 peg/m’e|t}. o]AH ZojPAle}t vlAl¢Y

]_ U‘:oﬂ}\i ol:o]QJ,]_ ] 1:1—3]:1-—_1: 61—01 ,\1;
¥ 523k 3he UERf 2 Z RHol nAwz 4

ol
Ao

=3
[IR=S
AR

Table 4. Comparison between the sums of equivalent concentrations (neg/m®) of basic cations and acidic anions in coarse

(PM,5) and fine (PM;s) particles

Coarse Particle

Fine Particle

Cation Anion Cation Anion

H" 0.039 nss-SO,>~ 0.073 H* 0.030 nss-SO,>~ 0.362

NH,* 0.075 NO;~ 0.090 NH,* 0.403 NO;~ 0.109
Haze nss-Ca®* 0.030 nss-Ca** 0.003

nss-Mg”  0.012 nss-Mg*" 0.004

Total 0.156 Total 0.163 Total 0.440 Total 0471

H* 0.011 nss-SO,> 0.033 H* 0.007 nss-SO,> 0.118

NH,* 0.021 NO;~ 0.032 NH,* 0.114 NO;~ 0.017
Non-event  nss-Ca®” 0.010 nss-Ca®* 0.003

nss-Mg?*  0.003 nss-Mg?* 0.001

Total 0.045 Total 0.065 Total 0.125 Total 0.135
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Table 5. Neutralization factors (NF) by ammonia and calcium
carbonate in coarse and fine particles for haze and
non-event days

Neutralization NFNH3 NFCaCO3

Factor Coarse Fine Coarse Fine
Haze 043 0.86 0.24 0.01
Non-event 0.33 0.86 0.26 0.03
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o
38
o
e
Q

L?L717J°ﬂ S A e—’FE % 13 3]
ojlem, o] A7]¢] ]E ol F7BEE Fig. 79 UEt
Wtk 944 242 vl= NOAA®| HYSPLIT4
(HYbrid Single-Pamcle Lagranglan Integrated Trajectory)
R4S o] 83193, GDAS (Global Data Assimilation
System)E ©]-&-3IATE?> 22|l Froll A LA g o
NS FEA] A5 e 45 o] Fukee] =
gathe 7Y sl 4AH 2o RAAZES
(120717h), &4 A xS AF= AL
(33°17N,126°10E)S 71 o2 A4ttt %
=& 9F 950 mb H(F 500 m)S. = A5}
A7 i @] vl 00UTCE 4 skt
Fig. 73} o] AFEE 402 FHEXYS [(F
B, NE= ), HI(EREE) Al 7#2Re 2 s}

W

,,
N{N' N
1 R 1R 1o K

iR

Table 6. Concentrations and their ratios of major ionic species by inflow pathway of air mass for haze days (n=13)

Area PM nss-SO.2~  NOj~ nss-Ca?*  NO;/nss-SO,* nss-SO4>/nss-Ca®" NO; /nss-Ca**
. PMio 23.0 1.1 0.5 0.5 46.0 22
E‘i‘g’ China PMa 5 19.9 4.1 0.1 0.2 199 410
PMigas 3.1 7.0 0.5 23 62 14.0
_ PMio 19.8 14.4 1.0 0.7 19.8 14.4
(S;’:ug‘ China PM, 17.3 9.5 0.1 0.5 173 95.0
PMigas 2.0 49 1.0 25 2.0 49
' PMi, 17.3 11.0 0.1 0.6 173 110
K‘fzea“ Peninsula PM, 5 9.9 7.9 0.1 0.8 99.0 79.0
(n=2) PMigas 75 3.1 0.1 0.4 75.0 31.0
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