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Abstract: The PM;, and PM,s samples were collected at Gosan Site of Jeju Island, and analyzed, in order
to investigate the size distribution and pollution characteristics of their components. NH,", nss-SO,>", K*, and
CH3;COO™ were mostly existed in fine particles. Meanwhile, NO;~ was distributed in both fine and coarse
particles, and Na®, CI~, Mg?", nss-Ca’* were rich in coarse particle mode. The concentrations of nss-Ca®* and
NO;™ were increased 36.7 and 3.2 times in coarse particles, and 15.0 and 3.1 times in fine particles during
the Asian Dust periods. Especially, the concentrations of crustal elemental species such as Al, Fe, Ca, K, Mg,
Ti, Mn, Sr, Ba were highly increased for those periods. In the haze events, the concentrations of secondary
air pollutants were increased 1.3~2.6 and 1.5~4.2 times in coarse and fine particles, respectively. Moreover,
the remarkable increase of NOs;~ concentration was also observed in fine particle mode. The factor analysis
showed that the composition of coarse particles was influenced mainly by marine sources, followed by soil
and anthropogenic sources. On the other hand, the fine particles were influenced by anthropogenic sources,
followed by marine and soil sources.
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Fig. 1. Location of Gosan Station on Jeju Island, Korea.
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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 Mg**
IDL(pg/L) 3.9~11.9 2.2~9.1 5.3~14.1 4.6~15.1 2.4~14.8
CV(%) 1.8~6.1 2.4~3.1 4.2~5.1 4.3~6.5 3.6~4.4

Species SO, NO;~ CI” HCOO™ CH;COO™
IDL(pg/L) 8.1~25.3 9.0~11.3 2.2~8.0 ~4.1 ~2.8
CV(%) 2.2~7.2 2.7~3.2 0.9~2.0 ~3.0 ~1.8
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Table 2. Concentrations and their ratios of ionic species in
coarse (PMjg,5) and fine (PM,5) particles

Concentration (ug/m®)

. - C/F

Species Coarse (C) Fine (F) Ratio
MeantSD Max MeantSD Max

NHy: 0.64+0.78 4.52 2.22+1.63 954 03
Na* 1.74£1.37 8.00 0.34+0.28 2.02 5.1
K* 0.15+0.11 0.57 0.20+0.15 084 0.8
nss-Ca**  0.35+038 1.81 0.09£0.08 0.60 3.9
Mg** 0.23+0.17 099 0.07+0.08 0.59 3.3
NO;~ 2.54+£2.41 12.17 1.76x1.85 883 14
CI” 1.94+£2.03 11.55 0.20+0.24 127 9.7
nss-SO.>~ 1.46x1.44 757 6.17+4.58 28.61 0.2
F~ 0.02£0.01  0.07 0.01+£0.02 0.09 2.0
HCOO™ 0.05£0.06 0.49 0.04£0.04 028 1.3

CH;COO™ 0.17+0.19  0.97
CH;SO5;~  0.03+0.04  0.22

0.22+0.25 1.09 0.8
0.05£0.06 052 0.6
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Fig. 2. Composition ratios of ionic species in coarse (left)
and fine (right) particles.
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Table 3. Concentrations and their ratios of ionic species in coarse and fine particles as the functions of meteorological phenomena

Concentrations (ug/m°) Ratio
Species Coarse Fine Coarse Fine
ADY HZ? NE? ADY Hz? NE? AD/NE HZ/NE AD/NE HZ/NE
NH,* 1.4 0.8 0.6 1.5 4.1 22 23 1.3 0.7 1.9
Na* 7.9 3.6 1.7 0.9 1.0 0.3 4.6 2.1 3.0 33
K" 0.6 0.3 0.2 0.4 0.8 0.2 3.0 1.5 2.0 4.0
nss-Ca?" 11.0 0.9 0.3 1.5 0.2 0.1 36.7 3.0 15.0 2.0
Mg* 1.1 0.4 0.2 0.3 0.1 0.1 5.5 2.0 3.0 1.0
NO;~ 8.2 6.7 2.6 53 7.1 1.7 32 2.6 3.1 42
ClI 6.3 43 1.9 1.0 0.8 0.2 33 2.3 5.0 4.0
nss-SO4*~ 6.7 2.5 1.5 6.3 9.3 6.2 45 1.7 1.0 1.5
F 0.1 0.0, 0.0, 0.0, 0.05 0.0 5.0 1.0 2.0 3.0
HCOO™ 0.1 0.1 0.1 0.05 0.1 0.04 1.0 1.0 0.8 2.5
CH;COO~ 0.3 0.4 0.2 0.1 0.2 0.2 1.5 2.0 0.5 1.0
CH;S0;5~ 0.1 0.05 0.05 0.1 0.0, 0.1 33 1.7 1.0 0.2

DAD: Asian Dust, ?HZ: Haze, *NE: Non-event

F- HCOO-CH,CO0
0.2%__02%_ 0.6% __CH;SO;

As3ssasasaserve nss-Ca2*
Gas3aissiisii
$3333333333333333

nss-Ca>*
25.1%

Asian Dust Haze Non-event
Fig. 3. Composition ratios of coarse particles (PM;o,5) during Asian dust, haze, and non-event periods.

HCOO-__ CH;C00-

 CH,c00- HCOO- CH,COO-
HCOO""y'gy;,_ CH;S05 1.9% _CH,S05

553
st

.Xnmn“m
$33233323232323¢

Asian Dust Haze Non-event
Fig. 4. Composition ratios of fine particles (PM,s) during Asian dust, haze, and non-event periods.
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7V 3AA F7heE A2 ZAMEHAT o] o= Kol Z Stk Whdol o] ojo] JRELS gIRE Q194 71
ZFAe} A YR A ZhzE 1.5, 4.0 Bl &) ZpolE o2 wAEY 7] wEl e YAHATES o
Hof AR Ale= 194 719 29 EHe] vjuy & EPATE® S AL Fe, Cu, Cr 52 2 ZUYA 99
W32 pole Ao g olEc) o X3} Ao, Cd, V, Ni, Pb, Mn 2 H]A<]

A ool ek R0 vhehbar glek

322 JldHdE HAEY oJE PM,, 9AAEE F HInA LEE HRES

ARG PM IR (n=189)2] YRS F4 o s BA7IAS Alas] 2 A3, EF7]A(AL
AL, o] T A AEE AL AL AR, HAd Ca, Fe) Aol 30.9%, G 71UANa, Mg) &l
An=153)2] FEE Table 49 F=3J ) AF717¢ 31.4%2 ZAHE BYY g3 F 2194 719
o o]E YAHEEL S>Na>Fe>Al>Ca>K (S, Pb, Zn) AEE2] 2417} 28.7% HEEo|E Al
> Mg > Zn > Pb > Ni > Mn > Ti > Cr > Cu > Mo Z 7o HAEE0] AA Y 91.0%= 2433t
>Co>V>Ba>S>Cd <o £ T8 Y TS o] VA E R vuE] B Ad), AR Al
WAtk AEE FoME= S $=7F 1041 ngm’E 7} Al Fe, Ca, K, Mg, Ti, Mn, St, Ba 5°] 8oz
& =L, B O % Na, Al Fe, Ca, K 59 a9 81 %& 571 FA1E Hehligleh ol 4252 Wi
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= EEES R Aol7t g1, 1914 719 ARE
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Z(CaCO0;, Ca0, Mg(OH), &) Hk3-3lo] A= &
A e ZAagow AgdEY, webd sol 9
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PMIO“"]’ PM, s HlA|HA]2] =84 o]
T2 £ET 789 pHE
B A A €] *“éE% =33ty 2E
pH HEERE F2 A Sold A7 dole v=
=2 H]ﬂ st 2 AHE Table 59 A AT ol
Al pH Y= PM;olA pH 5.0 |37}t 17.5%,
5.0~6.00] 67.5%% A 2] 85.0%E A3t}
Holl PMysolXE pH 5.0 ©l38l7F 34.9%, pH
5.0~6.0°] 52.3%=% AA ] 872%F XA Th E3
pH HHH o]&AH 9] TE& pH/l Y545 NH/
nss-Ca?™ol H]al] At o2 nss-SO.2, NO;” FE7}
g oA = AgE Holi . 2y pHY &5

= nss-SO, 9 NO;™ F% 7ol vl Az o=z
NH,", nss-Ca®* % 747} ZA vrebstth. £3] pH
6.0 ©1A4Fe] PM10 A 894 nss-Ca’t =71 X =
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o} o] 3k FAZ 2 YeR 2 Tt

T3 g9 2]d o8] %3+ ZH(NF, Neutralization
Factor)& 73l 24 &2 2] NH;, CaCOzol 2% 5
3l 719 &L FAEATGI oA [X]E NH, 3
nss-Ca?*e] 5= o|™, [nss-SO,>], [NO57], [HCOOT,
[CH;COO %= 7} nss-SO,>, NO5, HCOO™, CH;COO™
}HH O] lﬂ—El:l-:Co]]:}_

[X]

[nss—SO; ]+[NO;]+[HCOO ]+[CH,COO ]

Table 6] A3}e} o] Al Aol kYol o]t
T2 ZuigAret mAIYAk A 2z 0.24, 0.45¢]
At 2|l gk 93t F3E2 T A
Zbzh 311, 0322 U YAFIA CaCOs0l 213 3}
&o] o} A YErETth ey AR Alddls Ry
ofel gt Fsh&o] YA} nl M YAl A Zhz}
0.26, 0.72°] AT} 18]3 &AFDFol o F3&2
T AR oA ZHz}t 037, 0.042 UENYTE oA H AR

Alell ZUgAtaA e 7 dEo ot F3lgo] & A
o]& HolR] Fou} nA YAl M= F2 FEL ol
o8] Fs7t douta S ¢ 5 AUk =S vE
o= dEYole ofgt Fakgo] Uk} vlA
AR}l A zhzE 0.35, 07101tk 28] 3L gakd4rol
o3 F3188 F AAA 22 0.40, 0.04F BIAIY
F2 gRUYot o5 dojutil Y&

NF =

AR 7] mAEA] AR o

o
A

3

tlo

3
ol

Table 6. Neutralization factors by ammonia and calcium
carbonate in coarse and fine particles during Asian
dust (AD), haze (HZ) and non-event (NE) periods

Neutralization AD HZ NE
Factor

Coarse Fine

NF 024 045 026 072 035 0.71
NFc,cos 311 032 037 0.04 040 0.04

Coarse Fine Coarse Fine

Table 5. Concentrations (ug/m>) of major ionic species in PMg and PM, s particles corresponding to pH ranges

PM;y (n=126) PM, 5 (n=126)
pH Range B Em 2 + 2+
nss-SO4~~ NO;~ NH," nss-Ca nss-SO,~~ NO;~ NH, nss-Ca
< pH 5.0" 10.15 7.58 3.61 0.60 8.14 2.43 2.72 0.13
5.0 < pH < 6.0? 6.90 3.53 2.38 0.38 5.25 1.45 1.98 0.07
> pH 6.0% 542 333 1.98 0.43 4.88 1.06 1.91 0.06

DPMq (n=22), PM, 5 (n=44), PPM;o (n=85), PM, 5 (n=66), “PMo (n=19), PM, 5 (n=16)
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Composition comparison of PM;, and PM, 5 fine particulate matter 9

Table 7. Rotated Varimax factor analysis for ionic species in
coarse particles

Species Factorl Factor 2 Factor3 Factor4
NH," -0.12 -0.05 0.67 0.71
Na* 0.97 0.12 -0.06 0.12
K* 0.30 0.77 0.01 0.26
nss-Ca?* 0.14 0.83 0.36 0.05
Mg* 0.90 0.37 0.00 0.08
NO;~ 0.19 0.29 0.05 091
CI- 0.98 0.09 -0.06 0.00
nss-SO4*~ -0.06 0.30 0.93 0.08
Eigenvalue 2.9 1.6 1.5 1.4
Variance (%) 36.0 20.1 18.2 17.9
Cumulative (%)  36.0 56.1 74.3 922

Table 8. Rotated Varimax factor analysis for ionic species in

fine particles
Species Factorl Factor 2 Factor3  Factor4

NH,* 0.92 -0.03 0.31 0.13
Na* -0.03 0.93 0.02 0.05
K* 0.43 0.07 0.69 0.22
nss-Ca** 0.26 0.01 0.25 0.86
Mg? 0.12 0.48 0.03 0.76
NO;~ 0.13 0.03 0.93 0.09
CI- -0.01 0.90 0.06 0.21
nss-SO4*~ 0.97 -0.01 0.13 0.21
Eigenvalue 2.1 1.9 1.5 1.5

Variance (%) 25.8 23.8 18.9 18.7
Cumulative (%)  25.8 49.6 68.5 87.2

3l7] 913te] BA ZZI(SPSS 12)& ©]&3lo
804 (factor analysis)S AAIBFATE? 22074 A
HAJAS = Aol 1 o3 AAE FE3H
37, W2 2 (Varimax) 3] & o]-&-3te] A&

3L 2 YA} HAI YA} o] 2 REC] tiEk 2%l
22X AHE Table 7~-8°0 #3131

A7 2o PR AE AR oM= a9 ARk
& FE3 AA 922%2] AHES BHAS, A

1

Fe AAGE YA, F A4 A4l E ns
Ca?', K* A%0] & AAZES JENT, 20.1%]
Ho] o] HEESL Bkixle] Jgoz

™ 4 A Al
nss-SO,”©]
o} ol g Ax % qES-A 01
ES

ﬂil

R

O

pu
}\

nR e H
o2 [‘-111 2 ﬁ

9]
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s
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AR Al nss-SO,7, NOs, NHy" =71 2Ul ¢
2ol A 1.3~2.6 vll, PIA|FAMA A 1.5~4.2 vl 5331
3, 53] v gAFll A NOy” F=7t FA 53ttt
A E EAAFNX = A Al T8 X 7HEER
Al, Fe, Ca, K, Mg, Ti, Mn, St, Ba =7} =4 Z7}

SR, AF Alel= 23]8 K, Mg, S, Mn, Sr, Zn,
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