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Abstract

The chemical composition of PM, 5 was measured at Gosan, Jeju for two weeks each in November 2001 and
spring 2002. In the latter part of the measurement period of November 2001, designated as the polluted period in
this work, secondarily formed ion components as well as primarily emitted elemental carbon were high. PM, 5 mass
concentration was also high in this polluted period compared with the yellow sand period, in which daily average
of PM,, peaked up to 520 pg/m®. Increase of major components of anthropogenic origin in the polluted period was
not correlated with the variation in sea salt components while increase of crustal components in the yellow sand
period was highly correlated with the variation in sea salt components. Trace elements were generally higher in the
yellow sand period; however, toxic heavy metals such as zinc, cadmium and lead were the highest in the polluted
period.
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W7 % QA A g4 ol s $7V
77) Sha AR, 78T diEe] el mEis
Hroz FHLAG. o] F nlPUs HEL FIE 5
AFdae Eo] olAle] $alt ui, mAA o] Zale]
299 23 5 U7 @AAT 483k} (USEPA,
1999). Q1A $1814 AN FAAFFelA 132 F
297 9l: uj@Ua AR-E He, Cd, Phold (719
A1, 2003). A= 19981 64 Wlup=e] Aarhus
A o5 37) FIEe) Az 9T A7} A2
59ed (UNECE, 1998), & Al7]o] AA" 25
X $71edede) B3 A7)l 2001 59 A%
8 Yotoz AWHULS Fatshd (UNEP, 2001)
Z2%0] BT A FE $29e WAL &
o). S A= o]& A B4 &) Cu, Zn, As, Cr, Ni
2 gojsledol & AN FET 9T (MSC-
E, 2002).

97) AR F darAe Ealo AMe] sl
Qagr ek 407) 0|tk (Chow, 1995). o] 52 ok
& gz Po= ZAsw, B8 dunre] 2
B ISR ok A Fol| AR mEds
Qe A7 sahEee] odgke] 2 o] RS EBE
wheAYo] Al e 49) $714 87 D) (Schaver
etal., 1996) W& @A]¢] B4 7HAs Qo] 29
A 2 0] Lolait}. ol W} FoJ= B2 FHoIA
= JAEE o]gUs BAE Fild o9l oI
& Agstalaa sk Alws} ursdcH(NARSTO,
2003; W Al8-3} 3k=m) 1992; ]S %, 1990).
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2002 B $e)ete) Pua PP A AFE T
Aol AN AZEA Aol T Aol AT
124 @A) FZo2HEY A o)Fd b
T 20019 Fhe Rrke WAE AR 20024
Aue 23 Aol 2P L We), AW H4
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29EA A elFel F2 AL A<l tF
FAIZEe] 71 PM, s SRS A4S el A 9
14 Aelstd Hg, Cd, Pb 54& 122 2jslq)
Hgs 96% o)/del 4 Az 7)AAk) &4
utet (71934, 2003) 4 F9) WadE-E
2 A7 SAe =FATIA sk
74 52003 7IEEde HIE =d=, 2%
Ho| SA7|7E M Az Fibel, 19 H 249
gafe] A oz WHE QGATIE PM,9
FE=7h 520 ug/m’7hA] At AR TR
ot B B 94] o9 2 A7) 7Y uig
AollM BHH B4 A& deal o3 v AR
s EAA AR vEda AR v s
AR, 2R Fxd ok 7199 Aol &
dotr w1z} .
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12} 232 20019 119 13938 2597%), 23}
20023 39 29URE 49 11U7HA] zhz} of

obF 8A|71A] 2447k A BE AFHsIG
o e 16.7 L/mine] 5ok U= 27 o]
25umgl #ro]ZE (URG 2000-30EH)= HEj=, 1
21 34 2 F=z=z A e 2| 47
mm, 7|32 2umgl om, A% sxel o] AR A
A BAL 93 AlEE € E2 PE (Gelman Zefluor)
5, AR BA4E 4% Alae A 9¥ (Gelman)
& A8kl

Yol A peE 24 A% 24 F 9 B
g Zz7)e A 24417 BAZ F 1/100pg7HA] 7}
3 AR SFslH o] AR IC (ion
chromatography) 2 2A3}g ew, CI°, NO;~, SO
L. £0]-2 BAe):x Dionex?} lonPac AS14 -2,
Na*, NH/*, K*, Mg*", Ca*" 5 o] EAo+=
JTonPac CS12A HAH L o] &3}99v}. EC, OC (elemen-
tal, organic carbon)x MnO, &) & o]83 A==
dakztell oJsted w5 F<2l7]3 (AtmAA, Calaba-
sas, Calif.; Fung, 1990)|A] #Aslgc). olg U4
Z Aoz Fwrl & Mg ALS, Ca, Fe, Zn ¥
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67 A1¥-2 ICP-AES (inductively coupled plasma-—
atomic emission spectrometry; PerkinElmer Optima
4300DV)Z, Pb, Ti, V, Mn, Co, Cu, Sr, Mo, Cd, Ba &
] 107 AE-L ICP-MS (ICP mass spectro-
metry; Thermo Environmental X7)2 7} 233z 4
T e 2ol A8 (Park er al., 2001).

3. Hat  uFH
3.1 PM,; ¥ S s}
12 34717 5 PMs B84 HE s=elo

Y = 2003)NME QA3 upsl o] 20014
119 £434]7)¢] SO,>, NO,”, NH," = ¢l9)% 7|9

Table 1. Chemical composition of PM, ;.

November 2001 Spring 2002
All Periods
. (Mean + Former Polluted Former Yellow
Species Standard period period period sand
deviation) (Nov. (Nov. (Mar.29 period
13~19) 21~24) ~Apr. 6) (Apr.8~10)
(tg/m*)
Mass 29.82+17.07 15.15 5042 2383  45.66
CI’ 0.341+0.26 0.44 0.33 0.28 0.41

NO;”  3.24%320 1.35 8.86 2.74 1.62
SO 8.16+6.71 333 1594 7.97 3.44
Ca’™  0.2410.20 0.17 0.22 0.13 0.63
Mg?*  0.11£0.05 014 013 0.06 0.13
K* 0.5240.36 0.33 1.09 0.36 0.42
Na* 0.36+£0.20 048 021 0.32 0.41

NH,” 2.88+2.13 1.37 4.95 3.35 0.81
oC 4.044+2.53 2.30 6.89 248 6.43
EC 0.82+0.62 0.49 1.83 0.58 0.63
(ng/m®)

Mg 2541394 66 112 117 1258
Al 935+ 1699 97 374 304 5346

S 2099+1896 916 4987 1555 1153
Ca 2754559 102 207 33 1745

Fe 633+1108 74 304 222 3457

Ti 17.50£28.50 2.97 11.80 6.18 89.41
v 6.96+7.58 043 1.45 10.06 20.01
Mn 20.45+24.16 542 2577 9.21 77.85
Co 0.30x0.44 0.08 0.19 0.14 1.42

Cu 4.48+6.75 0.98 7.57 2.48 15.71

Zn 44.20+3550 21.15 106.66 31.23 43.63
Sr 17.10£25.63 1.22 311 33.28 26.62
Mo 1.3241.30 0.19 0.88 1.36 4.01
Cd 0.65+£0.51 0.30 1.39 0.60 0.50
Ba 7.27+11.65 0.56 4.31 3.50 37.12

Pb 30.61+21.66 1527 5335 26.82 30.38

PM,; —e—— Carbon
.......... Tons Elements

80 Polluted periiti

Concentration (ug/m®)
s
5
1
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Fig. 1. Variations of PM,s and its compositions during
the measurement periods.
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2003; Chun et al., 2001; Perry et al., 1997).
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&, vl 4e FEste] AHE Flo|d i ¥
) OC2RE] 49 Abd 58 33 471489
& sl wel] Hsle} wto] gert ofy
o Has Ausl $E57) dael 2w Al
ual 1.3 & sl FHAkskgdo) (NARSTO, 2003;
Seinfeld and Pandis, 1998). v|2 4= 2% A5lE
2 &A3c 1 71 81el e (ChemGlobe, 2000), S+
SO, el EAlFThn Mol TFATIA ok
F2 pEA ooz EAEhY EofrIUe v|Fe
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Fig. 2. Comparison of the sum of individually measured
compositions and the total mass of PM,;. Solid
line denotes a 1: 1 relationship. Dotted line denot-
es that the sum of compositions is less than the
total mass by 10 ug/m®.
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73 2% PM,, A3 =9 47 e 233
of ZRARSE o] EhA, v|FlA AR F& vwm
Rolet. Ao o] A AFred I AE=
o) 2 Apole oldn dAZ F ko] Xole 10
pg/m’ H9 Hell ek o] Fo] HA Agrwy
o 22 P 2 oolft nElA F P el ®
& Si7t XFHA o= T 2 19 AR A F
B4 AR7L o] wiEelr) 1By A =
oA Z7) o wpes X3 & vwslde 9
Aesr) ok 1562 4= ¢le] (NARSTO, 2003),
£ 19 JF AFF=F 7Fes & 9 Sugm’ A
=9 22k 7B g sl gl ol AR
3, v, vEla AEY 3AY BHdE exp)
23E o] vk £ Q7o vlEda RS ALl
2 JP= 7Hslg ot 48 Eo] Poe F2 3}
=2 &85 (USEPA, 2000) o|= S7} SO 2 =
Agche M= FEE F= 5 2 479 /A
Eo] dAla g5 S gl

Kim et al. (2000)& LA 2| 92] PM,;2} PM, ol ©)
3l %7} =& Al Si, Ca, Mn, Fe 5 ] & (crustal)
AEahg AEE Pejz JPAsla o2 vk, AE

[

FZ /18R A 20 A2%

T2 AolE AN o] A
S Aoz Aol AE AR o vigdh AR
o &J3te] LA Hu o] F A2 ol % F
o= wAx £ THF v]gql Ao BEelumz A
< a9 29 £ A7 249 FARIEL Kim er al.
(2000)01A) &= Zko] Aol W +10%0]%eH, 2
H 29 AA vimstr] o2 A HE Aoz
HolA: gE
I3 1& B@ 20014 119 29476 F2 o
< ¥57b ¥oh 20029 F AubRels 29 EA
ol HAAMe] 27| FARSE Fo] ok (oA
&, 2003) Fgpo] wha vt 397} AW 449 4,59
& Al9slae o] st dA 2 ot AXH ez
20021 & AuRe) o237 gk FEE 29479
40% Folt wFhA AEL 90%2 b, At
Foll= A} Ao Ayl B 2 Gk
NGE WEez MG (FHGA T 2003). AAA
71l vlFdA AR ot 2 Ao Fey
ubd o] 29 F=E A gk OC7F 2GAI7)¢ W
7 Bl (E 1) A yE% 24, A7)
F2 13 29849 =7 3 HERE 2 5
Pz Awkdeg OC w&o] ©&g 7d o 3
Atk @7 12 W& 9 OC7t o] 53 dFos 33
B} (Woo, 2002).

3.2 0]2, B4 MED njBAL MEo| ApM

o]& AE % SO, NO, , NH, & <193
Aol 7] ZolA ke oA PAEHE o
Aql 27} e dAHolch. Nat e} B2 Cl e 3
AR, Ca¥ e F2 ABAEH, KT F2 utele
a da FAA EHE Aoz dyA Qg
(NARSTO, 2003; Main, 1999). ECx dA3A A
&S n, 0Col: edd oz el WiEs: 13} A
23 dr)geubge] ojste] AAHE 23} Ao
2% 235 gl

a3 32 2xy|zhda o, v AR} n
A QB AVAE 2AE Aol AAHoz S,
Zn, Cd, Pb7} NO;-, SO, NH,t 2 K*,EC £ Q¢
A 7199 1,27 e A8 ARl A A9E
J2] JFg whefsl twA oz wztE T g
o} 29} ole} o] A7) AE-E ohE Aol H|3}
o] PM,s A3Fs=ele] AR ¥4, 19 16A
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Fig. 3. Correlation between ion, carbon and trace elements by period. Solid symbols denote a positive correlation and
open symbols denote a negative correlation. The size of symbols is proportional to the absolute value of the

correlation coefficient.
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St 2 A7eME 50,7 2 EAske Hos By
slon], dgol da el wEEE el ¢
A7 294 EolT Cdgl Pbx MEBdME AF
A Zo] FAAENA 132 FE3T gl
& AEoltt Cde AdE vEE 2R gAlg
H 3 st ANAH wiEe] o] =, o] A
HHFE Ak AR da, 47t Y
sl (A4, 2003). Pb= BF H 3EH Aol
M 83 wiEdey fevE: B2 FI=
2000378 Ahg-o] FAFAY] B gF TA3)
e 23 ge] WEE St Yoz olF
T8 2= AAE 1T (Liu, 2002). WAl
w5 Aoyt &7 Mt A4, Jytell BEel=, g
olo] mh= £ X} olgo] YA 4 gl5(Watson
etal., 1998).

3] 2982 A olF FAlE A% EMEP
(European Monitoring and Evaluation Programme;
Berg et al., 200)ol)| 4] 2z}2 F=23l7 gl= AR 2
E d7olM FAHT A¥-LE Cu, Zn, Ni Foo} 19
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Aol A9l glovt Znd A o] FH s Zne A}
#F ol g3 A da a7 HAAM s el
A &= AE £ shtolth(Chow, 1995).

20019 114 A= Na®, ClI°, Mg®™ = g3
AP EE Al ne 25 FYs W3lE v <
AH 295 = 71 ARe) A FUH9eE
AEkE glet 2R ael ke vietz SRl
e B7hdE ARk, Al Qe oddke] EelH7)
AslgM e o]Eo] T2 A WREHRE] FHo o}
7k 3, 2 GA71e FE Abgo] ZA w2 o
groleh= 1944 5(2003)9) EAI dXHE A2
oleh. wbd 20021 FolE HfEH PR Nat
= o RRe] mopd Rt o) ArgkAle) gle] 2001
d 1195 & fdelrh =R AdAd o)
Na*¥e} Clo|A 2338 e 5ok 8ed Ca?t 5
ofo)-&o] FR3Ly] wWEoz M. T} 2002
W Bo) moF al g AR NO5, 5042_%‘ o] &2
EE Zn,Cd, Pb F Q194 edAdE3 g9 Araat
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Leofsh, 2001 1190l A WRae zoka)
29AEe] 7 FYUEEA G R FelEgle
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Q19 4 91k (Chow, 1995).
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Table 2. Comparison of heavy metal concentrations between Gosan and selected areas in other countries.
Region, period U.S., July 1991 China, October, o) 2000 Korea, 1993 K0rea 2001~
. 1990 and 1991 2002, PM, 5
(averaging (monthly), R ) (monthly)* (annual), (annual), (period)”
; ; emote areas ; ,
time), particles PMy, in Europe, TSP PMq PM,, PM,
1999 (annual), R
' Rural area PM,, Nat-longl Background
. . in the eastern monitoring Background
Site Chicago - Urban areas area
side of Lake network for area (Gosan)
. (Mt. Sobaek)
Michigan heavy metals
Mercury (Hg) 0.35 0.04 0.53~20 =° — - -
Cadmium (Cd) 3.2 3.1 0.02~4.8 - 0~17 0.74 0.65(0.3~1.4)
Lead (Pb) 25 6.4 0.48~23 120~570 17~178 49 31(15~53)
Copper (Cu) 20 5.9 0.13~24 100~ 800 27~830 5.7 4.5(1.0~16)
Zinc (Zn) 61 21 0.69~110 250~3900 - 35 44 (21~107)
Arsenic (As) 0.89 0.62 0.08~1.1 13~85 - - —
Cromium (Cr) 1.8 1.5 0.07~7.2 17~48 0.1~44 — —
Nickel (Ni) - - 0.07~13 12~30 04~31 2.3 1.3(0.2~4.0)
. . Berg et al. Hashimoto  ME and NIER  Choi er al. .
Source Pirrone and Keeler (1997) (2001) et al. (1994) (2001) (1995) This work

“Five cities including Beijing. Measurements were made in October 1990 in Beijing and in October 1991 in other cities.
"The range in the parentheses indicate the maximum and minimum of the averages by period shown in Table 1.

‘Data not available.

3.4 Z35 sZ H|®

E 2% EMEPojA] 2233 glx 87 &3 =
+ 429l 29 Ase A e A vmy

Al & AT Py 3 pud ST g
of BE AGE PMoht 32 TSP 39 xol7]
Aol 44 Wl ofRich 2o} Ak 41T
5 AR 796 A fo) FIES F Ium o
3 el AR 235 Qe Aoz deld glovt
(MSC-E, 2000; Chow, 1995) A4 ZAc|A= xof
A Fol ke mAWA 2R PM,s- 10
ulste] 1A YAHPM,s) 9] Wlgol & Axol
Aol mepdE 2AUR F9 w20t o ¥
o) Eoloh (H1FE 5, 2003; 21 2hsk 7154, 2000).
2 QTN 24 TAY FE4 FEE Zng
Agdez, Ze WATE Ael 2ujatuct ok
o1} PMy, 59 RS AR A8 $A
Szole, BA%sl 2YVAAT 20019 o]
Fa4 24% AR FlAE 7P B Weleh Cd,
Cu, Nit =]A|zks o)} §49] EMEP 243k
Hlste} AAlZ 3e Wi B3] PbE B=AQl Al
39} W@ E Foh 39 Pb HEt oby fa
A4 ST PAS puelr] dEel ¥E 4
slost felde) 7] 24 A=} oy Ak

2782 19933 {AFES oyl SX" 3 4
| Agkgoll= -3 Fol ofofolrt. YLL 1988
HEE fa#HTRE FA5T gl 19979 =3
o] Fx7l AEF AL 44 367 16ugm’es
£ 29 s-gvetrd 2o} (Mukai et al., 2001).

At ZAE & 298] AR F A9 29
7 ESA dBE AEL Zn, Cd, Pb Solvh 2 o
Foll A Q194 292 200103 119 A 7]oA
E Qe A3 Feo] AP olgEo: A W
AT Wi &2] 33 sl ot Fo7F Hasie
2Fd Cu, Nits Q98 243} diAd o] ofsted A
Moz AAL o]F9) v|Fe] Aa A= ZH
g Aoz gl

o

>

_g_glk al 7Ed

=

FAFA FrIe9EAY »x H3tE AR 79
.(2003)0)) o)) 20014 1195} 20023 & oF 2
b AF2 aArA EAT R4 = #H3}
EA e oY =gl AM9} zFe] e 2417)
€ 2000 119 AubRe} 991417, 2002 & %
5o} Babal sz PRl Hx Wskg vlwsld

(LA N oex
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