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ABSTRACT

The atmospheric aerosol particles have been collected with high volume tape sampler
installed at the Kosan measurement station, which is located at the western part of
Jeju Island, during the period of 1998 to 2000. The various components of aerosols have
been analyzed in order to investigate the compositions and the characteristics of aerosol
particles. The average concentrations of NHy', Na', K', Ca®’, and Mg”" cations were 1.45
pg/m* 1.83 pg/m®, 0.40 pg/m®, 0.53 pg/m’, 0.26 pg/m®, and SO4*, NOs, and Cl  anions were
6.78 pg/m>, 1.93 pg/m®, 1.67 ug/m® respectively. Also the 19 metals such as Al, Fe, Ca,
Mg, K, Na, Zn, Pb, Mn, Ti, Ba, Cu, Sr, V, Ni, Cr, Mo, Cd, Co and sulfur were
quantitatively analyzed. Among those aerosol components, Al, Fe, Ca, Na, K, Mg and S
showed higher concentrations with the values of 0.64 ﬂg/mg, 0.52 ﬂg/mg, 0.65 ﬂg/ma, 1.39
pg/m®, 0.40 pg/m®, 0.43 pg/m® and 1.99 ug/m® respectively, and others showed relatively
lower concentrations. From the results of seasonal comparison, all of aerosol
components showed the highest concentrations in spring and the lowest in summer
with the exception of Na', ClI, Mg®  and Na, which were shown with higher
concentrations in winter season probably due to be derived from sea-salt. Especially,
the concentrations of soil-derived components such as Ca®, K', Al, Ca, Fe, K and Tij,
and anthropogenic components such as SO+ and NO; were highly increased in spring
season. From the investigation of the soil enrichment factors, the Na, Mg, Zn, Pb, Co,
Cu, V and Cr were thought to be introduced into the atmospheric aerosols through
non-soil pathways, but Ca, Fe, K and Ti found to be mainly from the soil sources.

In the comparison of concentration variances between Yellow Sand and Non-Yellow
Sand event, the Ca2+, SO+ and NO; concentrations were more increased up to 7.0, 14
and 2.4 times respectively, and 11.9, 9.7, 84 and 5.9 times respectively for Al, Ca, Fe
and K concentrations during the Yellow Sand event. From the comparison of
concentrations as a function of wind direction, the concentrations of Ca® and NO; have

shown higher values in west wind direction (210°~ 330°), and in west to north wind



direction (240°~ 15°) for SO,. And also, Al, Fe, Ca, K and Ti, which were
soil-derived elements, were shown with higher concentrations in west wind direction.
The results of the correlations of all aerosol components showed that SO was highly
correlated with NH,', and Ca® was with NOs. And among Al, Ca, Fe, and Ca’’, the
good correlations have been shown each other. Four emission sources were identified by
the factor analysis using the SPSS program. The explanation abilities of the first,
second, third and fourth principal components were 50.2 %, 15.0 %, 9.9 %, 53 % of the
total variance. Based on the factor analysis, the emission sources were regarded to be

soil, anthrophogenic sources, sea salt and industrial sources, respectively.
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(1) High volume tape sampler

7] F9o dolzE: AzmE dE KIMOTO ELECTRICAFAAl A 2gk high volume
tape sampler(Model 195A)E& AF&3lo] 21# 3}l ©] sampler= roll type?] PTFE(polyte
~trafluoroethylene) ¥ (Sumitomo Electric, 100 mm x 10 m)S Al&3to] &2 o=z Al

A # Qe AFA2goln, AR AANNES Y2 2FT & U tmerrt

s
oot
jins
sk
™

Zkw] o] It} High volume tape samplerts =449 #H o]y Wi a3}

o] 6m, W7 38mmg! flexible hose) ZlEH|olWe FWS BEFAIA A4 ¢F 5m =0]9
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(2) Inductively Coupled Plasma Spectrophotometer

dojzEe] o 5% 2 3 4¥(Al Fe, Ca, Na, K, Mg, S, Ti, Mn, Ba, Sr, Zn, V,
Cr, Pb, Cu, Ni, Co, Mo, Cd)2 ICP-AES (Thermo Jarrell Ash, Model IRIS-DUQO)E A}-&
o] A&t ICP-AESE Simultaneous mode 7}s 3, Radial/Axial Plasma A €]3 o]

31, 40.68 MHz2] RF frequencyE FAIE 4= =S A= 3l

(3) Atomic Absorption Spectrophotometer
o2& 84 Yol A 2} & 7503 = A (GBCAF, Model Avanta-P)E Ab

435l B3, atomizers 10cmet S5cm slot length®] burner head & AF&31%d oW,

M
rlo
o,

Na, K, Ca, Mg & single hollow cathode lamp & A}-&3}5)t}.

(4) Microwave Digestion System
dojze] FHALE ool UHE FAEA PHAA wlolams PaEA =

ol
SEA A o] W) wlolAR g R A= CEM Co.2] Model MARS-55 A}-§-3 91t

(5) Ton Chromatograph
dojzEe] F8 2ol XS DIONEX A2l Model DX-500 Ion Chromatographs A}
£3to] BEAEc}. o] W So]2 B IonPac AGAA-SC/IonPac AS4A-SC & # <

AL838t9 3, A7) conductivity detectorE AM-§-3Fth.

(5) UV-Visible Spectrophotometer

T84 Yol AE = NH, o]2< indophenol B % Ion Chromatography¥-& = 3 s}

O

of A3, indophenol'H el A= 2912~ KONTRONAFS] Model UVIKONS60 UV -

Visible SpectrophotometerS A& 3}t
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D el 2& Ala A3

oloj2 % A&+ high volume tape sampler ¢ PTFE(polytetrafluoroethylene) ZE =
ARg-3ke] 1998 1€ H-E 20009 12€97h#] & 363712 Als & AMAsATh 19989 74
#EGYE ~5¥)dl = 2447 @R i, ymH] V)3l 39 AR A eelaL, 1999
Wk 200080 E vl 24413 @R 3 Ao ® AfFHsGTh AR AFHE HEHE "
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Table 1. Sampling table for aerosols collected at Kosan measurement station.

Year Sampling Period Sampling Unit Number of Samples
1998 Jan — Dec 24 hrs 144
1999 Jan - Dec 24 hrs 115
2000 Jan — Dec 24 hrs 104
Total 363

2) 84 AR B

(D) Al=e] A

qolz&3 AFT PTFE FH= A&7k AFd #2225 dF ez 2y 5 v 258
gtol o] T @ e 8 AR, UHA & A= & A2 2Hel o] gkt 84

I E](Whatman, PVDF syringe filter, 13mm)Z &84 UAE AE & oJd& ol 4
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NS 4T YA mad JEE Agsatglth Na', K, Ca®', Mg® %ol A543
Wog BA3YTh o] & Na, K, Mg” A2 oA daz F7]e &3 BZ(10cm slot
length) el A Z+2ZF 589.0 nm, 766.5nm, 5385.2nm 3] FLPo = W Ca®' e ofA e A I}
N-O29] &3 EZ(5cm slot length) Aol A 4227nm 332 FHL o] &3Fo] B350
o] W HFH APE& HFENS MERCK AR 1000 ppm HFE N 2EFE ARE3H]
ZAEA Tt =3 NHy 2 indophenol He 2 EA3AtE AE8Y 5mLE A3 FHalu
o] 719 phenol nitroprusside &% 25mL, sodium hypochloride & 25 mLE 7}&fo] WA
A7l T 2L - AR FF EAE ARESEe] 640 nm oA FEEE St AR
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Ael g "oy Fastdtt o2 vielazd ZeE AR &9 045m BHE

84 4AE AL F 2555 AHEStel AFA0E §3Fehaa04 50mL

Fol WHOE AAUE AN AolRE] G YREL IC

®
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~

Na, Zn, Pb, Mn, Ti, Ba, Cu, Sr, V, Ni, Cr, Mo, Cd, Co ¢ &% A&y 3 42 &
3tttk ICP 44 #5898 AccuStandardAbe] ICP& 1000 ppm &£ HS ZEg9 &4
fAqoF s|Mste] ZASHATE o W M Euj= vEZ: gRE HASAT)] 95
Azl AHE BAY FAI v &2 HNOsY HCIE &3 &8 ALgataln. A% =
AN AFEE BEEAS A5 F

E2 001~10pg/mL WAR ZASATH o W 20%9 =& A IS B457] A%

ICP-AES9] =71 % A&ESAE v 2o

EN

Table 2. Instrumental conditions and detection limits (30) of ICP-AES for metals

and sulfur analyses.

Instrument Thermo Jarrel Ash, Model IRIS-DUO
Operation Mode Simultaneous mode RF Power 1150 W
Outer = 16.0 L/min
Plasma Type Radial, Axial Ar Flow Rate Inner = 0.5 L/min
Nebulizer = 28, 35 psi
RF Frequency 40.68 MHz Pump Rate 130 rpm
Detection Detection Detection Detection
Element Wavelength .. Element Wavelength .
Limit (ppm) Limit (ppm)
(nm) (nm)
Al 396.152 0.044 Fe 259.837 0.009
Ca 317.933 0.021 Na 588.995 0.028
K 766.490 0.068 Mg 202.582 0.012
Ti 334.941 0.001 Mn 257.610 0.0002
Ba 233.527 0.002 Sr 346.446 0.003
Zn 213.856 0.001 \Y 309.311 0.001
Cr 267.716 0.003 Pb 220.353 0.021
Cu 324.754 0.003 Ni 221.647 0.002
Co 228.616 0.001 Mo 202.030 0.002
Cd 214.438 0.001 S 182.034 0.031
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Table 3. SO2, NO2 and TSP concentrations in highly polluted cities of China.

QR Fa BN A T3 g A
) 9b (i 1) 81 AFCEFS) 160

B 9 (A J50) 78 Z7 (FB) 123

SO, 5 (k) 77 A (EHEH) 84
(ppb) WS 73 SR 56
Rt Y 70 S F(FEM) 55

iqC(%%) 69 AFE () 50

7 (50 62 FEF0M) 80

L*J(ikm) 45 Abaf (_E i) 46

NO. ook (2 153) 41 k& (5 18%) 41
(ppb) A 3= () 41 () 40
A S (ILR5) 40 &2 (i) 38

25X (SEART) 39 A = (BRER) 36

- GERR) 618 TS (EER) 618

() 595 3] s} (f1L) 536

TSP ook (42 153) 571 S HRID) 372
(ug/m”) EESCNT) 557 ZhAF (1) 317
2 2 (FEAF) 536 7 () 312

A SH(EZ) 536 A (1) 301

Table 4. Annual amounts of SO: emitted in China during the year of 1993
to 1998.

ol FMET TPVl g wiEF FA7IG QF wiEF

v (W) (70,1777144, "HE) (628677141, "HE)

1993 - 1,795 1,292

1994 - 1,825 1,341

1995 - 1,891 1,405

1996 - - 1,364

1997 2,266 1,7727(78.24 %) -

1998 2,090 1,593°(76.2 %) -

%1993-19959 70,1777 F471d o AsE TH A A7H1996) 0 A,

1993-19961 6286771 F4719 i ARE FHEHE ALY <1997>oﬂ*1
FHEF A5 THAANGTE A E(FFE, 1999)°14 8305



Akimoto and Narita(1994)7F & AR Yo a2 A3 ofxo} Ao wjEe] &3t

wro] FEE Yee B9 187 J1FoR ofgirlael MEHE 986000 E AR A
o= d#HA Yrk. T OECDARE &3 1989d 7]& of&Ailtrt2 wl& -2 876,000 &
o= GERH(EAF, 1998) F ARI} o 10%2] Ao]Z molw v el fhrledEE

ol dE Ags Hola Ja(YE FAAH, 1998), AHT F=7F 1987 FE 1996 7FA] o]
2tetA o] 4 16 ~ 18 ppb, FHAALEA (S8 vt PM ol 3o %= 35 ~
38 pg/m’S UERHI itk F opatrisel Asbstebie] Aol 1987 ~ 1991 ol
717k 11 ~ 12ppbst 15 ~ 1.6 ppm e & W53 FE=E Holtprh 1992¢HE 7HAdte] 1996
dol= 27} 8ppbet 1.lppm AEE FA 8= RoE Yy ¢

FhHotAlote] 7o dEAH wiE
FEoAlol A o Yol gyl edEd mMEFS Table 59 #5383tk o5 wE
ZF dlelE g0l 2hEate] wet, w AAEWd wet MEY FAAATE 4EE 2EA ] o
b oElejel & Ao w Holvh of3akrkzo] 1995wl
EAR(FFRAAZ, 1996 TA7IFAA wEE FHo TRt a2l v
T1979] AZe ARAMEHE T AFARNA, d8 I FFAEE 79 A
ZRE, 283 EAFe 484 = MEASE FAE & At sew #AF 4
So] AEA A2ztoA wEEE oldta%E XS Aolth wEkA FEo] wjEE A

w

S R |

ol ol 4me] WAF Za Ha

=

(]
4
N

)
Agol weh g2vle A, ofgabise] A9 80 % o4 Fkel WEIL Ak AL
= JERda Q. o] B2ejob: tE e Hal mEwe] we v, #Acle] &
soprolA e MEeE avhx BA gt ok o Aejelel trledrde] 7 el
59 Aar] FaANE FRAY WES AP Aol A% FRATE AL oud

o},
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Table 5. Total emission amounts(ton/ Year) of air pollutants in northeast
Asian countries.

=7} SOq NO2
18,908 273"
St 31,200,000” 9,700,000
20,090,000"
& (1996)” 1,500,260 1,257,993
. 406,600” 429,200
= 7)
332,000 470,000
7)
o 1 g?g’gggg) 1,935000"
2l Ao} (1990)” 399,840 420,144
marglo} (1987)" 100,600 72,000

V199510 91719 &S] (FF A AT 1996), Y19943 A5 (g 5,

1997a), ¥19951d A= (¥F=$ 5 1997h), ¥ 1998 A& Q) (37 - 1999),
Y7 (1998), 919949 A=, A 5 (199%6)e] A2E FAT gl
719873 #}7.9) (Akimoto and Narita, 1994), 198913 A=) (24 %
YRyaboshapko et al.(1996), F4-o}Alo}x]9uk 18k kel

1998),

4) TEA oL X gyl e dEd olF H HAH
FNER AT olFste] AAEE d7|edEdY dol Ui AT BARY AE7)
AL e sl Tabgul Al 9 e E7)E A AAI(FEE S, 1999)01 4] o] o]
FolAil, 1 A3}E Table 60 F533th o] A4 = CADMS ©]&38to] &3}3tE 9
Z7hd A g ZF w7t AdAA 79Es BN FHoER BFEY ALt
739 199613 ¢] 157] Algle] HFomE ol ofghalriay Ay mR

ol A EEE o] 77~ 2 %R g, Faa oAl sel&d 14 ~ 17
%, ARJA 9 7]oJ&e 1 ~8%2 Ao® HuHTh 12 H4 A Afde g
oA 60%, =3 EaolA 37%, dEoM 3%2 A 1 =A ZAHHAL 53] HolA
%ol T FHAA o), FA do] T g A e yod &R X AA YE

AL, Hatoll Aol 7] & Farel Hl&l] ofF S FoR T
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Table 6. Contribution ratio(%) by a few northeast Asian countries for the sulfur
compound deposition into Korea peninsular(using CADM model)".

v

A4 2A 222 A=

w7pe — —

o} Ak 7t~ g4 gatetE
= 82.1 770 59.4
Fa g 5.4 68 34.1
F3 By 5.0 3.2 15
533 55 T 6.8 46 1.4
S 0.7 8.4 36

g AdE BW FaedA 8 YR olF, AAstE ¥ dAY 13% HEolal, Ui

A Bpate] oz WA FagEo Jego] 2% AR oA TxE AEoA wr)

= S YERY Qo 3 o] AFelA] Arndt 5(1998)0] H.a1gk Hlo o]k AR X

HiE FIFES W ool AR wiEH Ao, T3} ko]l Jo] 7zt 7~ 30

%, 9~21% A=l Aox ZAHAT 53] FFo] AFA AL wele T35 =9
2 R

A3, A er A5 Theds 2 d%Fe T e Ao

oot

& A4 S oy AAel i BEAF 2o AEETE avX] =4 &7 o

woll Bop A3 das = W] AsiM e o A dHelE e F2 o] o] Fo
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1998 1458 20000 129 7bA] a4k S 2ol A AF T & 363708 Algel dis) F&
4 AEES A48 1 A%E Table 7% Figure 16 YEeERSIth A oA HE nhe}

2ol 3dzt ZAF oloj2E F84 ARES Hit FEE Fol2o] Na' >NH >Ca” >

K >Mg”e £& Bya, &0&L S02 >NO; >Cl e wolgon, dAAgdoz= S0
>NO; >Na >Cl >NH, >Ca’ > K >Mg” &9 =2 ey} o5 AR = 714
=e

2 Ul S04 9 A9 19989 6.95 pg/m’, 19999 6.28 pg/m’, 20000 7.10 pg/m' =
ArdzE 200090 7 2o FEE BT SO E FE U7 Fo® wEd 13 2
A(SO)0] "7l FollA stet&] HES AX AAdE 23 LE9EHA2 Iy Sl A

=
FA G| SOp W& Wio] 229%, AHd&E 132%, TF 80%, stzerde] 559 %= 7|

oAstm QY Ao 2AHT vk aem RRACE HF] IS ol W Y, of
oJmE BAANE 7122 e 3-10% Awsb olele sol A WAEE AR S9

ol&t= Hi%E QtH(Arimoto et al, 1996). dF71¥2l SO.= dFHAA WAHE DMS
(dimethyl sulfide) 7} t7] ZFoll A 4bsiRbg-o] &) AJEch e} 2 AFo A= DMS9

SEE FAA Ggy] W w5 g AR /19 9% SOL MES F
gol odwL, B4 AGYAe fdel 71AF SOL Y Fure mAsAh B AT 5
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(non-sea salt) SOs” ¢ Fxolth. & SO/ 9 % FxolA slde Fd0l 7193 SO, 9
FeE oW o [nss-S041=[S04T- [Na1x02519 2ol o3 Aate swolt} o]
& nss-S0,7 FEE dAAoR s TS wMAT A9A 29 SO TER B F
9lom 19984, 19994, 20004 2] nss-SO,” = 27 650 ug/m', 5.83 pug/m', 6.63 ug

/mME o] BE A 3d9 ZAH77F Fd 2000d0] 7Y =i, thSoe® 19984, 19999 &
o2 eyt

NOs & SO/ ¢ vh7hA 2 i A94 a9 WAr|ds vehla, 134 29483
QI NOF Attt d & 7AA AdH= 23 edEdolth NOs o 45 Edso NHi ¢ &
s} Aol ofsfiA NO; o2 d&so] B¢ dA7F t7] o2 FAHEA dojzEol



e % gt = Y} AE (biomass burning) SOl & AARAH oz iy Fo
FAEH7I= Pk 28y NOz o 2L diF& sAA89 ARR I #hdo] 2, Wi
A A EE Fo o A E diAel A9 edEdo|t(R A &9, 1994). &
AT 7| SAHE NOs 9 s=+ 199849 1.84 pg/m’, 1999 1.93 pg/m’, 200013 2.06 /m'ZE
20000 7FE =3, vk o ® 19999, 19989 o SO, 9 wE ©8# 1998l H] 3|

S BAT AFAAL A5 =AA A HlE] Ak Alde] 714

i, R A B2 S Aokt vE el Awake] dFo] diHow

N

A e b5l Atk Tev A 24 @ge] AEAel Bae] wwA we
E

Fg e vheol o lkmA® Hold 9
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o] 7L sgtrrel AFE A7) wEel siE Aol AA FFE mI Ao HAG
(Gordan, 1997). tt22 2+ NHy 7} 2 558 WYy AFTF
19999 1.22 pg/mr, 2000 1.66 pg/m' = =4 F Atk o] SOS ¢ FEWsIel A FEe
2 NH, ¢ SOS F AR 45 Aol 2 oz et = g =42 duky
o2 WEAWAAE NHy/7F Na Btp 84 & 555 Yehlly 2 Ao s 238
Na7F 9 & FE& Rola ed, ole nikx o] aulo A 71 s 32 Foll st
olir, o}# A9 oY FFo| 17 AA ekr] wWEelrh
L3 Ca” AES 19989 0.60 ug/m’, 1999 0.45 pg/m', 20006 051 pg/m = 1998,
20006, 19999 <o %& FEE Yehhdth Ca¥o 49 tEe Ed AgdEe
2 F2 BEdYAY] Fdel g8 vy] oz Ee EAs] wie FAbel G A A
A vk AEolth A 717t Boke] &AL why Wi E wy 199893 20001 0] 19994 of
Hla] AW @ gao] A L3 Ao Btk Ty oo thik A3 YL g
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Table 7. Annual mean concentrations(gg/m’) of water-soluble components during

the period of 1998 to 2000.

1998 1999 2000

Component
Mean Max Min S.D. Mean Max Min S.D. Mean Max Min S.D.
NH4' 149 728 0.04 1.36 122 382 0.13 086 166 567 0.29 1.09
Na’ 182 885 0.08 132 1.82 1039 0.13 1.39 1.8 507 0.15 1.19
K 044 273 0.01 039 037 173 001 033 037 245 0.06 0.32
Ca” 0.60 7.05 0.00 1.03 045 513 001 058 051 3.10 0.04 0.54
Mg* 025 1.02 001 016 027 135 002 02 026 069 0.04 0.16
SOs” 6.95 23.72 0.26 509 6.28 1661 0.70 3.84 7.10 1953 1.94 351
NOs 1.84 891 0.00 1.73 193 6.89 020 1.36 2.06 10.28 0.36 1.70
Cl 159 885 0.09 1.72 1.80 1717 0.06 260 164 6.89 0.08 1.76
nss-SO7 650 2340 0.21 507 583 1605 052 384 663 18.85 1.10 351
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components during the period of 1998 to 2000.
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Fxteo] wjE 720l A, Cu, Cd, Zn, Cr, Pb 5& &7 ZAoA, Na, K, Mg 52 ddel ¢
3 dAE = Aoz Iy JdHHuang et al., 1994).

Atk ¢4 o5 7 ARES 39 HHy eSS vlus] B Ay S>Na>Al>Ca>Fe>K
>Mg>Zn>Ti>Pb>Mn>V>Ba>Sr>Cu>Ni>Cr>Mo >Co>Cde oz F=2
94 w1 Ae el Sel BE7k A4 3, o Na, Al Ca Fe, K, Mg 59

Y 9 BEY AEEC] gAdeR 2 vEE HAU dudE 74 JREEY v&E |
wa] ® Az 1998delE S>Na>Al>Ca>Fe>K>Mg >7Zn>Ti>Pb>Mn >V >Ba
>Sr>Cu>Ni>Cr>Mo>Co>Cd, 1999weli= S >Na>Ca>Al>Fe>Mg>K>Pb
>7Zn>Ti>Mn >V >Ba>Cu>Sr>Cr>Ni>Mo>Co>Cd, 20009+ S>Na>Ca>
Al>Fe>Mg >K>Zn>Pb > Ti>Mn >V >Ba>Ni>Sr > Cu > Cr>Cd>Mo > Co? <
o7 B& FEE HYT o] F vy ko] & S9F Al Ca, Fe, Na, Mg9 =& Hlu
3 B S 19989, 19999, 20009l -z At 1.96 pe/m’, 1.76 pg/m’, 2.24 pg/m' =
20000l 7Hd =S FEE R ®E EY
2y7y 112 pg/m', 0.42 pg/m’, 0.55 pg/m', Ca Z+2F 0.94 pg/m', 0.54 pg/m', 0.59 pg/m’, Fe 7]
2+ 0.79 pg/m', 0.39 pg/m’, 050 pg/m’, K Z+7zF 0.62 pg/m', 0.28 pg/m', 0.39 pg/m'= th ] 2 o
AREL 19980l 7HE =a, g o2 20004, 19999 8] otk 3 &Y e
2 AE<Q Na¥ Mg FEi& 199849, 19999, 200019 Nazb Z+2; 1.35 pg/m, 1.31 pg/
m’, 1.48 pg/m’, Mg 242t 0.49 pg/m', 0.33 pg/m', 0.48 pg/m' = 1998'A 2} 20001 ©] =31 A

7_]
Hom 19999 23 BAl dehgth ofF F ARS ¥ AREY ¥E Z@Ae g
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Lo

A ZAAE T Al 19984, 1999, 2000 ol
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Table 8. Annual mean concentrations of sulfur and metal components during the
period of 1998 to 2000.

1998 1999 2000
Component
Mean Max Min S.D. Mean Max Min S.D. Mean Max Min S.D.
Al 112 1324 0.00 257 042 196 0.02 034 055 592 0.03 0.86
Fe 079 713 000 146 039 3.11 0.00 044 050 4.04 0.03 0.62
Ca 094 1091 003 223 054 4.04 0.00 057 059 393 0.06 0.64
pg/m* Na 135 515 000 097 131 382000091 148 838 0.13 1.12
K 062 478 000 097 028 154 0.00028 039 191 0.01 0.36
Mg 049 406 0.00 084 033 15500202 048 2.07 0.03 0.37
S 196 649 010 162 176 468 017 1.19 224 974 023 1.69
Ba 75 571 00 116 46 321 0.0 45 59 518 05 75
Cd 0.7 1.7 00 04 06 19 00 04 1.3 51 00 08
Co 08 44 00 10 07 47 00 06 06 33 00 05
Cr 24 258 00 42 29 261 00 32 29 475 00 49
Cu 35 170 00 33 SPBr 48.0=00 L34 47 170 00 36
Mn 244 1400 00 325 172 945 01 161 178 1532 1.7 219
ng/m> Mo 1.2 36 00 08 1.1 36 00 08 1.0 41 00 07
Ni 34 129 00 30 28 78 00 19 49 228 00 46
Pb 377 2311 00 522 469 2142 00 46.1 415 3165 0.0 439
Sr 6.2 379 00 83 3.8 231 05 32 49 235 05 4.1
Ti 400 2280 04 514 31.7 1415 03304 300 2224 1.2 380
\Y 89 587 0.7 115 75 309 19 43 73 419 00 64
Zn 469 1603 0.0 401 395 2593 0.0 483 458 2835 0.0 46.4
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Azo] 4 Tl oa F= wEEY o T °F 80% AE7F & =

lo
::"1
e
o

ol
-

= Z(Howells, 1995) 0.2 <A vk = NHze @A #EHS AAs = /M 583 A=
AEeA &3 2% (Pio, et al, 1996)°]th. BFHd &= Hl59 A& 72 NHz9 %7}
A< (Carmichael et. al., 1996)3t3L ] Ed &= T2 wjAdEo|y 259 Lyl H& 7|29

FEFoz &ls] o] Foj AW NHzol 2 Fe] S7lsts Aom defA vk & AFolA

wol E7b b w1, Aol Be AFE BTk ey e ARSH wsHE vw
A AR 2 Ao B molx et %

C
pe/m', 018 pg/m', 0.44 pg/m', 056 pg/m= TS AEES] Hg] AdE=z & 7245 B

o, B 2 R 24E dehiglt AFAGe ALY F Fge uw gAde ¥

Efvbi 9th(Carmichael et al, 1997). F2 54 Aldo]l $Ag Bol Ca® F%=7t ol A
AA F7kshE AL ol e T Aol F FoRE BAY 53] AP TS A W
B EBA o9t o] Ca¥ =Vt FUtetE AL AFA G tir|do] T4 JEFS Hol
W ASS YulstH, FHo T= FAE R AFA Y R FE A fdw
&5 & kA F 1 9 vk (Kotamarthi and Carmichael, 1993, Iwasaka et al, 1988).
qoARZgA fddAt EFHAL] s W A AL FE A9H ol o8
e 9 Qole] o3 WAHE Al trled AEeRE SO, N0y E E
4 9tk SO ¢ NO; Ao 9194 geolows F2 A58 W Ao A& 7]l
ata Qlrh whdol nss-SO, & 3HaF Fub 5o AW Q9o &), ® NOy & <,
SAAES] A4 T AAEAH gl oA di7]Fel E=Ast7 = shARE A Ao w
o] ¥ AR gFE 994 29 o8 BAys L gl SO ¢ NOy & oiEE /A%
d7ledEdo] dA= AsE = AAA AT 23 Ao, HlA ddoj2E Fo ¥

ol e Ao deA Ark =AAY ooREo Ag mAYd T SAbd, dakd

AL o2l E MAYPAES A AL AHHC JTFS Fo

o] S
52 3% 78S B9 = Q7] wEd By 23 Ao AHH At Appel et
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PAZ SO >NOs >Cl'e] o2 Yehth o] % SO & tE AEEd ug 714 =
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Table 9. Comparison of seasonal mean concentrations(ug/m’) of water—soluble

components.
Season Stt?fss_ NH, Na' K Ca¥ Mg” SOZ NO; ClI nss-SO&
Mean 164 180 048 080 028 752 273 175 707
Median 164 187 045 087 026 750 244 162 7.3
Spring  Max 199 204 057 096 032 828 332 202 781
Min 128 147 042 057 026 678 243 161 627
SD. 035 029 008 020 003 075 051 023 077
Mean 140 147 025 018 019 614 133 08 577
Median 123 121 025 017 018 531 131 080 490
Summer Max 214 206 029 019 022 793 158 120 763
Min 082 113 021 017 016 518 109 047 479
SD. 067 052 004 001 003 155 025 037 16l
Mean 144 187 041 044 026 636 160 171 575
Median 121 178 036 037 025 579 154 175 534
Fall  Max 200 226 062 062 028 815 178 18 758
Min 110 157 025 034 024 515 147 152 476
SD. 049 035 019 015 003 158 016 017 149
Mean 124 214 043 056 032 639 187 222 58
Median 130 232 038 048 032 581 174 226 534
Winter Max 131 239 052 075 038 759 225 278 699
Min 113 170 038 046 025 576 163 163 523
SD. 010 038 008 016 006 104 033 057 099
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Table 10. Comparison of seasonal mean concentrations(ng/m’) of metal components.

Statis—
Season ; Al Fe Ca Na K Mg S
ics

Mean 9444 7728 924.0 1453.6 5488 507.3 2209.2
Median 3545  387.1 3751 11439 3190 297.0 1746.4
Spring Max 1323577 71271 109104 8379.6 47804  4060.0 9740.1

Min 0.0 0.0 33.7 0.0 0.0 0.0 100.4
SD. 19188 1151.8 16287 11837 7449 650.5 1754.0

Mean 30277  166.0 193.2 9409 1797 283.7 2039.9

Median 2535  157.7 1574 974.0 1417 213.8 1695.7

Summer Max 812.8  547.7 9675 2276.0  653.6 703.4 9629.8
Min 47.8 0.0 65.8 140.4 0.2 47.3 338.1

S.D. 1849  120.7 169.4 5172 1707 184.9 1782.5

Mean  381.8  304.3 3582 12329 2504 353.3 1561.0
Median  339.1 2584 2673 10196  193.0 2724 1184.6

Fall Max 11632 11158 11882 31383  890.8 1217.2 4366.6
Min 26.0 0.0 -4.3 120.4 0.3 57.2 291.3

S.D. 2752 2306 288.1 760.3 202.2 260.0 1061.4

Mean 3337 3486 570.0 16798 3449 401.7 2000.1

Median 2774  293.1 4682 14929 2659 353.4 1921.0

Winter Max 1068.8 1091.7  1996.6 36243  926.8 1440.2 5739.1
Min 19 2.2 16 6.6 0.7 1.7 4.7

S.D. 262.8 2610 423.9 9814 2441 305.6 11359
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Table 11. Comparison of seasonal mean concentrations(ng/m’) of metal components.

Season Statis= Ba Cd Co Cr Cu Mn Mo
tics
Mean 8.1 0.9 0.7 3.6 4.2 25.7 1.2
Median 4.1 0.8 0.5 2.3 3.3 14.8 1.0
Spring Max  57.1 5.1 4.4 475 17.0 153.2 41
Min 0.0 0.0 0.0 0.0 0.0 0.0 0.0
S.D. 10.5 0.7 0.8 5.8 3.6 30.1 0.8
Mean 2.2 0.8 0.3 14 4.7 6.3 0.6
Median 1.8 0.7 0.3 1.0 4.2 54 0.5
Summer Max 104 3.0 0.6 4.8 153 234 14
Min 0.5 0.0 0.0 0.2 0.0 1.3 0.0
S.D. 19 0.6 0.2 1.2 3.8 4.8 0.4
Mean 3.7 0.7 0.7 2.2 4.6 14.5 1.1
Median 3.2 0.6 0.6 2.0 3.9 11.2 1.0
Fall Max 115 2.2 4.7 8.6 23.0 2.7 2.8
Min 0.0 0.0 0.1 0.0 0.0 0.1 0.0
S.D. 2.6 0.5 0.6 16 4.1 12.5 0.7
Mean 4.9 14 0.5 2.3 2.9 14.8 0.9
Median 3.8 14 0.5 2.3 24 14.1 0.8
Winter Max  14.8 45 1.3 4.8 9.0 50.4 25
Min 0.0 0.0 0.0 0.0 0.0 0.0 0.0
S.D. 3.6 0.8 0.7 14 3.5 12.7 0.6
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Table 12. Comparison of seasonal mean concentrations(ng/m’) of metal components.

Season Ty Pb Sr Ti v Zn
tics
Mean 4.4 48.6 6.2 44.8 10.0 51.3
Median 2.9 35.6 4.1 22.8 7.0 38.3
Spring  Max 174 316.5 37.9 228.0 58.7 281.9
Min 0.0 0.0 0.0 0.4 0.7 0.0
S.D. 4.1 55.2 6.9 49.1 9.7 53.1
Mean 4.3 16.8 2.2 11.1 6.0 21.9
Median 2.5 9.2 2.0 8.9 6.0 16.1
Summer Max 22.8 97.8 6.4 40.8 11.8 34.1
Min 0.1 0.0 0.7 1.2 2.9 0.0
S.D. 5.6 21.1 1.2 9.9 2.4 21.0
Mean 2.8 36.1 3.3 20.2 54 36.3
Median 2.7 29.2 3.0 18.8 4.7 33.7
Fall Max 75 145.0 8.3 53.0 16.9 130.6
Min 0.0 0.0 0.6 0.3 0.0 0.0
S.D. 1.8 35.8 B 139 3.1 28.7
Mean 3.2 50.6 4.7 27.1 54 477
Median 3.1 36.7 4.6 23.1 52 33.3
Winter Max 7.2 159.0 12.8 131.9 136 288.5
Min 0.0 0.0 0.0 0.4 0.0 0.1
S.D. 1.9 40.0 2.8 23.2 3.2 46.9
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Figure 5. Seasonal comparison of water-soluble component concentrations.
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Table 13. Comparison of soil enrichment factors in atmospheric aerosols collected at
Kosan site and other remote sites in Korea.

This study
Component Mt. Soback Mallipo
Annual Spring Summer  Fall Winter

Na 6.1 4.3 8.6 9.0 14.0 1.0 10.2
Mg 4.1 3.2 5.7 56 7.3 0.9 1.1
Ca 2.7 2.6 1.7 2.5 4.6 2.9 1.7
Fe 1.9 1.9 1.3 1.8 2.4 0.9 1.2
K 1.8 1.7 1.7 1.9 3.0 - -
Ti 14 1.3 1.0 14 2.2 - -
Zn 9.2 7.2 9.7 12.7 19.1 50.0 64.0
Pb 332.9 257.3 2779 472.3 758.2 675.0 901.0
Mn 50.4 30.2 23.0 42.2 30.8 1.3 14
Ni 30.2 235 70.3 36.5 476 25 2.6
Co 10.0 79 10.2 18.0 15.3 1.1 1.0
Cd 1.2 0.8 2.1 15 3.6 827.0 714.0
Cu 21.8 15.0 52.1 40.4 289 - -
\Y% 17.3 15.1 28.5 20.2 229 -
Cr 11.0 95 11.3 14.6 17.0 - -
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AR 4 F& wWEtE By o3t AU v A Aelrt FrEHAPE o4 F 9
t}. Figure 114 ®&= vpe} o] EFe] 233 A2l Al Fe, Ca, K A& AL =
Al F7Fgk vbH Na A SAber 73s 5% ¥stE Yedla ok vy A Ty, Pb, Zn,
Mn, V A&5 Folv dAdo=m Tizh Satdel w7t A S7hstdla, ywA Aids
S Ao o® TRt 2L A4S el o8 e vk S7hs AF7Ibe Ak
Fol A= 1998 39 29 ~ 30, 49 179 ~209, 2000 39 24, 270 A Aol W
At

T3 AT A 7] doz2E AR L Aol A e HFAA ] o= HE o]
Hol =X & Hlusly] $5te] domEze 7t ARE B4 AREs FAA vFALR
BE5ato] wmustgict 28]l 2 23S Table 159 Figure 13 ~ Figure 1691 YeERA AT
Table 15014 vl gk vle} Zro] NH, & Al9e 84 A 55 A8 E57F v 3AA
of Hl&] FAAle F=7F F7Me Ao yehgth S F84 AR B4 AnE 29
2l Ca”' 9l FE7F AR 7P 2 Aol U, FAFA 316 pg/m, M
FAA 045 pg/m' = FAMA O] oF 708 A% FE7F F74e Ao gelEgdn) = 919
7199 AF BAQ SOL 9 NO; o vkt GAA ol 2Hzt 946 pg/m, 4.50 pg/m' o] L, ¥
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Table 14. List of Yellow Sand event days in Cheju, Mokpo, Kunsan and Seoul.

City 1998 1999 2000
March 23, 24, 26, 2
March 29, 30 are 238’ " 6, 21,
Cheju April 14, 15, 16, 17, January 25, 26 . ’
April 7, 8, 10, 21, 26,
18, 19, 20, 29
27
March 25, 29 J 9%, 26, 27, 28 et i?é 24;7 o
Mokpo  April 14, 15, 16, 17, Fa?juaw M Aol 7 8 10, 25 26
18, 19, 20, 21 epruary DS 6 T 29,28,
27
March 23, 24, 2
March 28 £ ;’7 ?2)’8 2’9 6
April 14, 15, 16, 17, January 25, 26, 27, 28 . 7
Kunsan April 7, 8, 10, 12, 23,
18, 19, 20, 21, February 27 %
22, 27, 29
May 4
March 28, 29, 30
Aar.(; 1 16 yg  January 25,26, 27,28 March 7, 23, 24, 21,
ri
Seoul P 18’ 19’ 20’ 21’ February 27 28
22: 28’ Y April 5 April 7, 8, 23, 26, 27
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Figure 10. Daily variations of SOs and NOs; concentrations.
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Figure 11. Daily variations of Al, Fe, Ca, Na and K concentrations.
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Figure 12. Daily variations of Ti, Pb, Zn, Mn and V concentrations.
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Table 15. Comparison of concentrations between Yellow Sand and
Sand event days.

Non-Yellow

Yelllow Sand

Non-Yellow Sand

Component
Mean Median Max Min S.D. Mean Median Max Min S.D.
NH, 1.13 118 188 040 055 146  1.08 728 004 1.16
Na’ 1.85 150 502 060 154 1.82 149 1039 008 1.30
K" 055 050 131 040 0.29 039 030 273 001 035
Ca” 316 279 705 029 222 045 028 513 0.00 053
Mg*' 044 047 066 036 0.11 026 021 135 0.01 017
SO~ 946 952 20.21 482 463 6.69 574 2372 0.26 4.26
g/ m' NOs 450 466 870 0.77 2.66 185 145 10.28 0.00 1.50
Cl 303 301 689 054 199 163 076 1717 006 2.03
nss-SO~ 900 929 1947 420 471 6.23 537 2340 0.21 4.25
Al 534 287 1324 145 455 045 031 592 0.00 053
Fe 346 206 713 150 228 041 026 354 0.00 045
Ca 474 261 1091 182 3.67 049 031 404 0.00 052
Na 212 154 515 0.83 1.49 136 113 838 0.00 099
K 201 113 478 0.73 1.68 034 024 191 0.00 0.33
Mg 197 121 406 100 1.29 037 028 207 0.00 031
S 341 311 567 117 147 196 155 974 010 151
Ba 282 212 571 104 176 49 32 5B18 00 5.7
Cd 1.1 14 1.7 02 06 0.9 0.8 51 00 0.7
Cr 95 66 WHE||=38 L[ 213 2.5 20 475 00 3.8
Cu 6.5 4946 ] 1,310 i3510MA3, 1 4.1 32 230 00 3.6
Mn 881 69.0 1400 490 388 163 111 1532 00 174
ng/m’ Mo 1.3 14 25 06 06 1.0 0.8 41 00 0.8
Ni 107 110 141 63 29 3.6 27 228 00 3.4
Pb 582 434 1311 81 394 41.8 30.7 3165 00 468
Sr 220 188 379 105 101 4.1 33 235 00 35
Ti 1187 878 2280 519 656 294 192 2224 03 337
\% 30.2 210 587 160 169 6.8 57 419 00 5.0
Zn 720 493 1391 371 397 42.8 30.7 28385 00 456
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Figure 13. Comparison of water—-soluble component concentrations
between Yellow Sand and Non-Yellow Sand days.
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Figure 14. Comparison of metal component concentrations between
Yellow Sand and Non-Yellow Sand days.
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Figure 15. Comparison of metal component concentrations between
Yellow Sand and Non-Yellow Sand days.
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Figure 16. Comparison of metal component concentrations between
Yellow Sand and Non-Yellow Sand days.
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AU P Ao RAT 53 BUPYF DA olFati dEY uo) wa FT3
Futme] YEEA olFeti BAE AGY FFY W oy hrlegBAS FAY of
FHo] AFAY o de] A JF2 A= Aow BoHd
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Figure 17. Variances of NH,', Na', Cazﬂ SO and NO;3 concentrations(ﬂg/mg)

as a function of the wind direction.

_43_



180 180

Figure 18. Variances of Al, Fe, Ca and K concentrations(ng/mg) as a function of

the wind direction.
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Figure 19. Variances of Ti, V, Pb and Zn concentrations(ng/m°) as a function of

the wind direction.
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Table 16. Cross correlation for all components of aerosols
Al Ba Ca ¢cd Co c¢cr Cu Fe K Mg Mn Mo Na Ni Pb S S Ti V. NH4+ Na+ K4
Al 1 0.88 0.95 0.17 0.67 0.57 0.31 0.96 0.89 0.87 0.85 0.23 0.26 0.51 0.26 0.34 0.85 0.73 0.91 0.00 0.08 0.
Ba 0.88 1 0.89 0.29 0.69 0.54 0.44 0.93 0.91 0.82 0.95 0.44 0.28 0.63 0.52 0.50 0.92 0.72 0.90 0.16 0.12 0.
Ca 0.95 0.89 1 0.22 0.68 0.55 0.34 0.96 0.93 0.90 0.85 0.31 0.33 0.50 0.37 0.42 0.92 0.70 0.90 0.03 0.14 0.
cq 0.7 0.29 022 1 0.19 0.40 0.24 0.23 0.30 0.23 0.26 0.41 0.32 0.45 0.46 0.46 0.32 0.30 0.27 0.22 0.13 O.:
Co 0.67 0.69 0.68 0.19 1 0.53 0.45 0.71 0.67 0.64 0.77 0.43 0.29 0.48 0.32 0.41 0.73 0.62 0.71 0.09 0.08 0.
or 0.57 0.54 0.55 0.40 0.53 1 0.27 0.58 0.54 0.54 0.57 0.36 0.47 0.51 0.29 0.44 0.59 0.66 0.67 0.02 0.10 0.
Cu 0.31 0.44 0.34 0.24 0.45 0.27 1  0.37 0.48 0.36 0.47 0.58 0.11 0.48 0.55 0.58 0.40 0.28 0.41 0.43 -0.07 O.!
Fe 0.96 0.93 0.96 0.23 0.71 0.58 0.37 1 0.91 0.89 0.92 0.34 0.32 0.58 0.36 0.41 0.92 0.80 0.95 0.04 0.12 0.
K 0.89 0.91 0.93 0.30 0.67 0.54 0.48 0.91 1 0.86 0.86 0.48 0.33 0.54 0.58 0.60 0.91 0.68 0.86 0.26 0.09 O.(
Mg 0-87 0.82 0.90 0.23 0.64 0.54 0.36 0.89 0.86 1 0.78 0.29 0.50 0.48 0.30 0.41 0.89 0.70 0.84 0.05 0.29 0.
Mn 0.85 0.95 0.85 0.26 0.77 0.57 0.47 0.92 0.86 0.78 1 0.45 0.33 0.66 0.51 0.50 0.89 0.78 0.91 0.12 0.14 0.
Mo 0.23 0.44 0.31 0.41 0.43 0.36 0.58 0.34 0.48 0.29 0.45 1 0.27 0.41 0.70 0.58 0.45 0.33 0.37 0.39 0.07 O.l
Na 0.26 0.28 0.33 0.32 0.29 0.47 0.11 0.32 0.33 0.50 0.33 0.27 1 0.28 0.21 0.30 0.44 0.55 0.39 -0.11 0.71 0.
Ni  0.51 0.63 0.50 0.45 0.48 0.51 0.48 0.58 0.54 0.48 0.66 0.41 0.28 1 045 0.51 0.60 0.57 0.65 0.21 0.05 0.
pp 0.26 0.52 0.37 0.46 0.32 0.29 0.55 0.36 0.58 0.30 0.51 0.70 0.21 0.45 1 0.74 0.49 0.34 0.40 0.49 0.06 O.i
S 0.34 0.50 0.42 0.46 0.41 0.44 0.58 0.41 0.60 0.41 0.50 0.58 0.30 0.51 0.74 1 0.55 0.41 0.49 0.68 -0.01 O.I
g 0.85 0.92 0.92 0.32 0.73 0.59 0.40 0.92 0.91 0.89 0.89 0.45 0.44 0.60 0.49 0.55 1 0.75 0.90 0.15 0.20 0.
Ti  0.73 0.72 0.70 0.30 0.62 0.66 0.28 0.80 0.68 0.70 0.78 0.33 0.55 0.57 0.34 0.41 0.75 1 0.82 0.01 0.30 0.
vV 0.91 0.90 0.90 0.27 0.71 0.67 0.41 0.95 0.86 0.84 0.91 0.37 0.39 0.65 0.40 0.49 0.90 0.82 1 0.08 0.14 0.
NH," 0.00 0.16 0.03 0.22 0.09 0.02 0.43 0.04 0.26 0.05 0.12 0.39 -0.11 0.21 0.49 0.68 0.15 0.01 0.08 1 -0.17 0.1
Ng® 0.08 0.12 0.14 0.13 0.08 0.10 -0.07 0.12 0.09 0.29 0.14 0.07 0.71 0.05 0.06 -0.01 0.20 0.30 0.14 -0.17 1 0.
Kkt 0.28 0.53 0.39 0.27 0.31 0.17 0.53 0.38 0.61 0.39 0.48 0.61 0.17 0.31 0.80 0.65 0.51 0.29 0.36 0.64 0.16
Cg? 0.86 0.88 0.93 0.16 0.66 0.46 0.34 0.92 0.88 0.83 0.86 0.34 0.24 0.47 0.40 0.41 0.91 0.65 0.85 0.11 0.15 0.
Mg? 0.30 0.38 0.40 0.17 0.29 0.20 0.10 0.39 0.36 0.49 0.41 0.22 0.68 0.20 0.23 0.22 0.48 0.47 0.38 -0.05 0.87 0.
s02 0.27 0.42 0.36 0.26 0.29 0.13 0.51 0.33 0.54 0.33 0.39 0.49 0.06 0.31 0.67 0.80 0.45 0.22 0.34 0.86 0.00 0.
NO, 0.52 0.68 0.56 0.20 0.47 0.37 0.36 0.60 0.60 0.57 0.64 0.40 0.30 0.38 0.41 0.29 0.66 0.50 0.59 0.24 0.28 0.
o 0.18 0.15 0.21 0.03 0.14 0.13-0.17 0.21 0.120.34 0.16 0.00 0.64 0.04 -0.10 -0.15 0.23 0.34 0.19 -0.28 0.90 O.I
7 0.27 0.49 0.36 0.44 0.36 0.30 0.58 0.37 0.54 0.31 0.50 0.66 0.19 0.44 0.79 0.68 0.49 0.33 0.39 0.50 0.01 0.0
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Table 17. Results of varimax factor analysis for aerosol components.

Component Factor 1 Factor 2 Factor 3 Factor 4
Al 0.962 0.033 0.024 0.086

Ba 0.895 0.304 0.080 0.136

Ca 0.946 0.142 0.106 0.072

Cd 0.060 0.328 0.115 0.686

Co 0.716 0.172 0.041 0.244

Cr 0.528 0.031 0.072 0.646

Cu 0.287 0.606 -0.119 0.252

Fe 0.966 0.129 0.087 0.131

K 0.864 0.401 0.073 0.104

Mg 0.865 0.134 0.268 0.100
Mn 0.879 0.271 0.097 0.212
Mo 0.196 0.654 0.089 0.389

Na 0.212 0.027 0.744 0.449

Ni 0.493 0.272 -0.016 0.549

Pb 0.223 0.808 0.057 0.274

S 0.281 0.767 -0.016 0.356

Sr 0.881 0.293 0.190 0.180

Ti 0.720 0.071 0.285 0.394

\Y% 0.909 0.155 0.091 0.264
NH, -0.050 0.841 -0.164 -0.076
Na' 0.036 -0.013 0.972 0.028

K' 0.275 0.871 0.183 -0.093
Ca” 0.912 0.245 0.134 -0.066
Mg* 0.299 0.164 0.891 -0.022
SO 0.233 0.887 -0.010 -0.102
NOs 0.576 0.370 0.299 -0.049
Cl 0.157 -0.210 0.908 -0.009

Zn 0.231 0.755 0.005 0.303
Eigen Value 14.1 4.2 2.8 15
Variance(%) 50.2 15.0 99 5.3
Cumulative(%) 50.2 65.2 75.1 80.4
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AFe SAFT 4w iy A FdEd A Ak FAH A6 high volume air
samplerg A3t 1998\ 195-H 20000 12€7k4] F 3633|e] A3 tf7] dJ=2&S A
Aok, dejmEe] #8484 AR 4F 55 ALES 2T B4 22T EH 07

Aoj2Esl od EHES 2AF A3t et 2e AR Atk

L 22 A9 g7] dloj2Ee] 84 A¥ ¥EE SO >NO; >Na >Cl >NH, > Ca”
>K'>Mg” «o® 2 vehwi, SO7 FEE 19989 6.95 pug/m', 19999 6.28 pg/m’,
20000 7.10 pg/m' = 2000 0] 7b4 T, thgo® 1998, 19999 = oItk NO;y FEE
19989 1.84 pg/m’, 1999 1.93 pg/m’, 2000 2.06 /m' & 20000 el 7b4 %31, th&o & 1999
W, 19989 o] itk

2. & ARE9 ¥xE S>Na>Al>Ca>Fe>K>Mg>7Zn>Ti>Pb>Mn>V >Ba>

Ni>Cr>Mo>Co>Cde] o= S7 714 =3, t}&o2 Na, Al Ca, Fe, K,
Mg 59 + °olfth o5 F S& 20009 7Hd =& ¥EEF HJI, o E 19984,
19993 ¢] <= o]lem, Na, Al, Ca, Fe, K, Mg 5<& thAldo=z 19980 714 =3, v

SO =2 20009, 199999 & o]t

3AAME vwg vas B Ay Ca' TEE B, o8, 71, AeEd 727 0.80 g/
m', 0.18 ug/m’, 0.44 pg/mr, 056 pg/mZ BAo] 2 ¥x Z712 Jeluodh SO° & oA
2 o2 7S, ALHd Zzb 752 pg/m', 6.14 pg/m’, 6.36 pg/m', 6.39 pg/m'=E GA] EHo|
E=7F B =A dErsth 2Elal NOs 8 5% JA 7, o &, 7FS, A EHl 424 273
pe/m', 1.33 pe/m’, 1.60 pg/m’, 1.87 pg/m'= B-Hol| 7} =A velycth & S RS B o
&, 7Fs, ALEe HAds=rt 742 22092 ng/m', 2039.9 ng/m’, 1561.0 ng/m’, 2000.1 ng/m’
I Na, Al Ca, Fe, K, Mg®| &% AZE 9 Fdd =7}

Eoll ws] BEHol 318, Ca2 oJFol nls] EHol| 484 t] Eo} & 7
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