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Dustfall particles were collected by the modified American dust jar (wide inlet bottle type) at 6 sampling sites
in Pusan area from March, 1999 to February, 2000. Thirteen chemical species (Al, Ca, Cd, Cr, Cu, Fe, K, Mg,
Mn, Ni, Pb, Si, and Zn) were analyzed by AAS and ICP.

The purposes of this study were to estimate qualitatively various bulk deposition flux of dustfall and
insoluble components by applying regional and seasonal distribution. Dustfall amount of regional variations were
found in order of coastal zone, industrial zone, commercial zone, agricultural zone and residential zone, and
seasonal total dustfall had higher concentrations during spring for 6.741 ton/kif/season, lower concentrations
during summer for 1.989 ton/kn/season, and annual total concentration was 17.742 ton/ku/year.

The regional distributions of enrichment factor show well-defined anthropogenic metals (Cd, Cu, Pb, and Zn)
at industrial and agricultural zone, and contribution rate of soil particles were found in order of summer, fall,
winter and spring. Factor loading effects of chemical composition of dustfall were found in order of road traffic
emission source and combustion processed source, industrial activity source, soil source and marine source.

Key words : dustfall, bulk deposition, insoluble components, enrichment factor, factor loading
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Fig. 1. Map of Pusan area. The dustfall monitoring
sites are marked as Gamjeondong, Gaegumdong,
Sinpyeongdong, Yonghodong, Gijangueb and
Bugokdong.
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Fig. 2. Monthly meteorological observation data((a)
relative humidity, (b) precipitation, and (c) air
temperature) and dustfall of Pusan from
March, 1999 to February, 2000.
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Table 1. Pearson correlation coefficient between
monthly meteorological observation data and

dustfall of Pusan from March, 1999 to
February, 2000
Air . . Duration -
 Relative Precipi- Evapo- Wind
Dustfall petrearlrtlure humidity tation  ration sunshine speed
Dustfall | 1.000
Air
tem- | 0570 1000
perature
Relative 060 096" 1000
humidity | : ’
Precipi- | _na10° o “
tation 0619° 08%" 0.80 1.000
Evapo- | 0109 0657 0554 045 1000
ration
Duration
of 050 0151 0294 -0437 0439 1000
sunshine
Wind | _ -
speed 0007 026 022 04% 030 0208 1.000
* P <005
*x; P < 0.01

Table 2. Pearson correlation coefficient between
monthly meteorological observation data and
water insoluble trace metal of Pusan from
March, 1999 to February, 2000.

Air : I~ Duration vy

i P Y S
Al -0504 -0584" -0658" 0073 0403 -0.239
Ca |-0769" -0805™ -0708" -0398 0179 -0.105
Cd -0.146 -0053 -0104 -0285 0271 017
Cr -0702°  -08%" 079" -0442 025 0364
Cu -0417  -0460 -0507 -003 0272 0118
Fe -0397 -048 -0572 005 0429 0.8
K -0614"  -0705° -0.783" -0037 0583 0077
Mg -0439 0476 -0602° -0014 038 0140
Mn -0564 -0669° -0417 -0.198 004 -0019
Ni 063" -0559 -0622° -0618 0140 -0245
Pb 0219  -0215 0404 0089 0310 0144
Si -0.147 0235 0236 -0039 0109 -0378
7n -0273 -0315 -0481 -0013 0260 -0.89

* P < 005

=, P < 001
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Table 3. Areal variations of water insoluble trace metal
and dustfall arithmetic mean concentration in

Pusan.
Industrial Commercial Coastal Agricultural Residential
Elements zone zone zone Zone 200e Total

Dustfall | 1794 1.204 1804 0876 076 1362
Al 21546 B1B B9%W 1870 15194 23402
Ca 9802 4460 13585 4745 4063 7701
cd 484 2719 7082 249% 1816 390
cr 0282 0227 0200 0083 0079 019
Cd' 0.58 0293 0481 018 0163 0319
Fe’ 67617 5080 43467 23417 28% 660
K 4539 3509 5084 3674 2609 4036
Mg’ 8809 6.270 9972 4579 381 7016
Mn 0462 0333 0422 0278 028 0367
Ni 019 0127 02m 0171 00 0176
Pb 1481 0506 1.043 0208 0212 0823
Si 12014 16990 17461 19160 14368 15312
In’ 2108 0.380 1483 0446 0484 1239

Dustfall; ton/ki’/month
Cd; g/kn/month

Other metals; kg/kni/month
x, P <005

gy HF AsuAFE HUAY  1.804tonvkd
/month, &¢AY 1.7%ton/kw/month, FLASD 1204
ton/ki/month, &Y AY 0.876ton/km/month 11 FA
Y 0755 ton/kn/monthe] £2o.2 YEpth 9 3
#EEY BEXE F&ExHe] Dustfall, Cr, Cu, Fe, Mn,
Pb, Zno| 7}% Eston Szt 7H wA vEbgth A4y
Age e etA Yo Hgd FUNARY FEEEXE Y
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~Table 4. Seasonal variations of water insoluble trace

metal and dustfall arithmetic mean
concentration in Pusan.

Elements| Spring  Summer Fall Winter Total

Dustfall” | 2.247 0663 1.137 1867 1.362
Al 24618 16.206 2158 33071 23.402
Ca' 5.245 4088 6637 16.262 1701
Cd 1180 4250 4150 5770 3950
Cr 0.169 0.083 0.230 0.297 0.191
Cu 0.360 0.300 0.292 0608 0.379
Fe 51.553 33.368 39432 61.673 45620
K 5370 1.535 4133 5.422 4036
Mg 7943 5.027 6076 9578 7015
Mn' 0.276 0.132 0221 0945 0.367
Ni’ 0.100 0.001 0.176 0.366 0.176
Pb 1.562 0.249 0.568 1.003 0.823
Si 6.990 20.564 13.013 21.400 15312
Zn 1.170 0.985 1.250 1612 1239

Dustfall; ton/kri/month

Cd; g/kn/month

Other metals; kg/knt/month

* P <006
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GEH 28 AE37) 915t Duncand) BEH Y AAL
Bate fFoTFE POGNA AW BstRe) ol
ZAbeth 1 A3 Dustfall, Al Ca, Cr, K, Mn 283
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Table 5. Seasonal variation of dustfall concentration.
(units; ton/kir)
Season | Seoul” Cheju” Ullng” Kunsan® This study
Spring 1267 11481 7.080 4767 6.741
Summer 745 3792 1.633 1818 1.989
Fall 1043 8220 3411
Winter 914 4746 5.601
Total 3969 31303 14962 19561 17742
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Table 6. Enrichment factor of insoluble each metal
element in dustfall deposited in Pusan.

Elements Intil(l);t:a] Con;g\nima] C(Z)g:t:l Agr;gunlemral Reszlgggnal Total
Al 1.00 1.00 1.00 1.00 1.00 1.00
Ca 0.80 0.43 1.05 057 060 0.74
Cd 71.63 4778 952 5406 4859 6861
Cr 832 TR 562 360 423 6.64
Cu 3145 1872 2458 1457 158 2394
Fe 3% 357 244 2.03 244 3.17
K 0.52 053 0.55 061 054 054
Mg 1.24 1.05 1.34 0.95 0.99 117
Mn 1.44 1.23 125 127 145 1.34
Ni 783 5% 1038 988 61 815
Pb 33624 13679 2550 6930 11196 21993
Si 013 0.22 0.18 0.30 0.28 0.19
Zn 38.88 418 5354 2780 3700 6149
& d7dME Alg 7|2EAR o9, £

A Ca, K, Sit 10 o819 £3¥3 Yoy a9y

24942 Cd, Cu, Pb 282 Zn& 10 o4 &L 32
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Table 7. Mass fractions of insoluble each metal
element in dustfall relative to noncrustal
composition at Pusan area.

fi. noncrustal (%)
Blements Ilngustrial Commercial Coastal Agricultural Residential .
zone zo0ne Zone Zone Z0ne
Al 00 00 00 00 00 00
Ca - - 50 - - -

Cd 986 979 99.0 98.2 979 85
Cr 80 875 822 722 76.3 849
Cu 9.8 947 %9 93.1 937 %38
Fe 749 720 59.1 50.7 59.1 685
K - - - - - -

Mg 196 52 2564 - - 142
Mn 303 188 199 211 312 %5
Ni 812 832 904 899 &.1 811
Pb 997 99.3 996 386 99.1 85
Si - - - - - -

Zn 989 917 983 %4 973 B4
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Table 8. Predicted contributions of soil to bulk
deposition in Pusan.
CRei(%)
Season | [ndustrial Commercial Coastal Agricultural Residential Total
zone zone zone zone zone

Spring | 139 169 168 10.2 10.3 135
Summer | 220 43 335 249 473 301
Fall 226 208 200 307 333 234
Winter | 186 243 184 424 83 218

Annual
average 189 236 197 264 248 21.1

35 BAA &4

351 AaEA

R Geja Zauizel 884 AR He Pearson
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&, Ao Sig AAFE FEAF0.053), FGA
H(0.255), sl H(0.145), FIAF(0.621), 233 FA
29 (-0.086)9 A AolE BPon, FHA o] Efdal
9] gL JHF ol wE Aew vEigd Al A3
A% BE B84 347 {o4FFP<00D) o4 &
9% zle] g BYoH, Cad SiF A2 YRrE 52
ABAHE Bgen, Cde Mn, Pb, 283 Siste @&
A#dE Byd. 2d3 Cre Sist ml¢ we Ang
He] Nz g 7|49¢4€ ¢ ¥ At =F Sie Al



FAA G FaaAg B84 48 FHZ) ¥ A7

Cu, Fe, 2
N4e 4
e e

3 Mgs B 484 E BRYo2ZN FAE
g & Addew, Pbe Cd, Mn, 283 Ni
T 32 AVNE B w71 Zol7t A& AL
Azt Zne EFYAS FAHLU Sigte W @
FeuAE BYovd, FauA 4 & 44 253
FAFEP01) 0139 fFrejd dag Byn
gebs FAA QY FauAE £A TE SA4
2 B 0E 39 R AYY 9%E A e
Aoz vepdo.

e o

3

21g] Aael e waE AAE 25T A 4719
AR A 868%F WY 4 AT 59.7%E HYse
Factor 1& #% |4(Pb, Cu), Tire(Zn), E¥ 7149 (Fe,
K, AD) 293 Y 719Mg) £22 Yeldth Factor
2% EAL 2 2294 719Mn), 25AH 59 Algy
5 719(Cr 182 EY 7]9(Ca) £22 JEgon,
Factor 3& @5l g 7199 Cdd /F 20
9% 7192 Ni2 yergth Factor 4% EY71 €9 Sig
Ueldo 2] BAAGL ke 712 e A¥HUA 9
TAe EAE BT

Table 9. Pearson correlation coefficient between
dustfall and water insoluble trace metals at Table 10. Factor loading after varimax rotation
Pusan area. Elements |Factor 1 Factor 2 Factor 3 Factor 4 Communality
— , _ Pb | 0908 0014 -002% -0113 086
il Al Ca Cd C Cu Fc K Mg Mn Ni P Si Tn Fe 0818 0323 0.239 0.284 0912
Dust | o /n 0.816 0.283 0.386 0.081 0.901
fall Mg 0.793 0.340 0.34 0.295 0937
Al T 100 K 0.729 0.466 0126  -0.009 0.765
Ca 709" 70" 1000 Al 0.724 0.361 0.320 0.406 0922
Cd 4" 42" 6% 100 Cu 067 0487 0.393 0.247 0911
Cr 65 &3 63" 35 100 Mn 0.151 0.932 -0017 0126 0908
Cu 781" 81" 853" 51" 4" Lo Cr 0.464 0.723 0213  -0.082 0.786
Fo 9 B 6 407 T ST LW Ca 0452 0581 0573 0104 0881
K o w6 & % 8 6 W LW Cd | 0139 010 083 0132 0.794
Mg T W S AP o 8 L0 N[ 013 005 0842 0010 0739
Mo B &7 6T 0 66 S 4 S &7 10N _Si 0079 002 0088 0876 0967
NOB AT 8T S5 MR B 09 100 g‘“e’gl"ﬂ“e 52?; 71631?;36 7181;237 820,;;3
P &7 BT RSB T 667 RO GU" T M6 100 InL;rtrilala f::tor .method: .principall compo}xents analysis
St 0B @1 1% IR M % %M @A OM8 05 100 . .
In 790 RC%T OS5 T LT 6N &N 3T 39" 06 8 1000 Rotation method; Yanmax
P < 005 Kaiser-Meyer-Olkin (KMO) value; 0.800
w% P < 001 Sphericity value of Bartlett test, 1015.584

352. 884

AU F BEH HEE Aol 4D WAE ol$
st} ALY WFE7E BRAATY 137 2HU5E

AHEste] AR AAg A3 Table 109 o] ve
woh 2tz e FAEAML SPSS (windows version 7.52)
& ol &3Rth QA8 AYAY RE HESI 9
g olE9 74 (Bartlet test)?) 7384 7 A X (sphericity
value)¥= 10155842 2 0.00001 FeisEdA FE Q9 0]

EARon, BA FE5 dE FE AYEZE Yy -

+ ¥4 Kaiser-Meyer-Olkin(KMO) & 0.8002.2
e e Mo A A8Yde EAYoR 3%
Aok Az 29WY L £33l 2YozE AHH &
AE HAHA B H2 9 298 FanA @
W 98 AREE FAE BAY(Principle Components
Analysis, PCA)& €8}, 2-f2)(eigen value), F5A4
(communality) Z28]3 +H71o &8 maisged, 89
€ AAT F A4 L golstA 87 st Kaiser®ol
o Ad Az A9 varimax WA S o] §89
AR5} F(factor loading) €& TaHETh $AR A 79
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Probability; 0.000

et FAA Y Fax e 2Ae 9 vRe
AA B3 @ F7F 94 2 A% AJEE, EY 29
I HYNE wo2 Ueng 58 Z 9y FHE8L
ZAHE 23 Znd A$ AANY, FAANYG, FEAY
a3 ARG Foz A F3Ege] ZAE o
FAAGANN e ZAIE A @it
4. 3 &

€ d7E FAAY Zaldxe] 295E ZAbe)
$8te] 793 Dust jarg Algsle) 2R A 7} %
Y B o2} 67 WL N} 19993 398
B 20006 297X} AsteAl g etz o 22
%(Al, Ca, Cd, Cr, Cu, Fe, K, Mg, Mn, Ni, Pb, Si, 22§
I Zn)9] =& ICPS AASE ol &3t ATdsigon,
Add Fedsle XY FER¥XE sopsin, 7
MYEE 7o) AuA S Bastd 3wz 2y E
€ AR A g3 gy,

L A e ddgze F+ZdA P<0.05Y
3 29 482 Byed, Al Ca Cr, K 283 Ni

o ML

9]

o]
e
£ 7)
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Adss a2 ZFn 05 o4 &9 dds
burningol 7]1¢1% Ni& 7]-&¢] 4%sn %

uteko] Z71el= & FEI Pl #Hy

Ehe

o

2. A9 gy ZAuAs daAg 1804 ton/kr
/month, T¢A4E 1794 ton/ki/month, AUXA 1.204
ton/kn/month, QA= 0876 ton/kr/month 2l F
AR 0755 ton/kni/month® #=0.2 el

3. AdY g AeHAe ¥ 2.247 ton/kd/month, 7
% 1.867 ton/kn/month, 718 1.137 ton/ki/month 2] 3
& 0663 ton/km/monthe] o2 ZAME QAT E3H
71 EA ZAE PbE AT B84 A9 A4
Agel 7t %1, dEol vA et AA
W2 BHo] 6741 ton/kni/seasonoE 71

[23=37e= %

4, A sEAE EY7)1Ye Ca K, Sie 1.0 o3ty
BEY¥E gygout Cd Cu Pb 281 Zne 10 o} 9] =
L& & JEden, Cuy Pb, 281 Zned T 9, 3
obzlE AR FAXG gz FEAY £2F 2
At et Aed BEY A9 7194E Pb, Cd, Zn,
Cu Ni 28)3 Cre 22 veigten 993 7149
Pb, Zn, Cu 233 Cr& ¥dX490e) 7H4 £1 FYA Y
o) 7ba 2gkal, BEdAte] 7l gL 211 %EA AE>
HE>AL>E £o2 JERY,

5 #Ashdxlet B84 AR Auid Ad
Pearson Ar#AF7F 05 o)Aolxn, ¥EHA (two tailed
test)oll A FoF& P<0.05E &35t A2 K, Cu, Mg,
Fe, Zn, Al, Ca, Cr 283 Mn £22 Y, 247
d el Ao dgS e AR FI}FL ol
A APy, B 83 HY7d ¢
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