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Summary

This study is carried out to determine and characterize the chemical
composition and variations of atmospheric deposition with time and localities
in Cheju Island located at the unpolluted and coastal region. For this
purpose, dustfall is sampled by dust jar for one year from August, 1995 to
July, 1996 at five sampling sites in Cheju Island. Total suspended
particulate(TSP) and rain is also sampled at one site.

These samples are divided into soluble and insoluble components and
then analyzed, respectively. The resuts of this study are summarized as
follows :

Total deposition of dustfall on Cheju Island is 4944 ton/kir/month in
annual average and shows less than the standard of WHO. The highest
deposition is 10.889 ton/km/month at S-4 site and the lowest deposition of
2493 ton/km/month at S-3 site. It can-be shown that the total deposition of
dustfall is largely varied with different sites.

The deposition of soluble components in dustfall contributes to 41.4% of
total deposition of dustfall. This contribution ratio is relatively higher than
that of other regions, such as Seoul or Kwangju. It can be also shown that
the monthly variation of total deposition of dustfall is closely related to that
of insoluble components rather than soluble components. The order of
seasonal deposition of dustfall is winter, spring, fall and summer.

The amount of anion in soluble components is to 65% or more of total

content of soluble components in dustfall. Most of soluble components is



affected by both of sea salts and non-sea salts. The contribution ratio of
the sea salt to the soluble components in dustfall is 32.2% in average.

The order of heavy metal content in dustfall is Fe>Al>Ca>Zn>Cu>
Mn>Pbh>Cr>Ni>Cd. Based on the enrichment factor of each metal element
in dustfall, it can be estimated that Mn, Cr and Ni are originated from
soil but Cu, Zn, Cd and Pb are originated from anthropogenic sources.
The contribution ratio of soil to total deposition of dustfall is 26.4%.

Compared with the chemical compositions of dustfall, TSP and rain, the
contribution ratio of sea salt to soluble components is in order of rain>
TSP>dustfall. The contribution ratio of soil for the dustfall and TSP is
23.5% and 15.8%, respectively.

In order to estimate the origin of each component in dustfall deposited
on Cheju area, the principle component analvsis is performed by SPSS. Six
factors that account for eigenvalue greater than 1 are extrated. This result
shows that 75% of the total vanance is attributable to these six factors.
Considering these results of principle component analysis, it can be
concluded that the first group(Cl, S$-S0s”, SS-Ca”, Na' and K'), the second
group(NOs , NHi', NSS-SO4” and Cd) and the third group(Al, Fe, Mn, Ni and
Cr) are originated from marine, anthropogenic and soil sources, respecti-
vely. And the remaining three groups are assumed to be originated from
the specific minor sources. It can be also shown that this result of
principle component analysis is consistent in the previous explanation for

chemical composition of dustfall.
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Table 1. Comparison of measurement methods of dustfall.

Sampler Sampling method

Deposit  Funnel(3=30cm) with Sam -+ 5m above ground addition
Gauge pling bottle (10~201¢) of 0.02N CuSOq

Dust Jar Jar(@=112cm, depth=20.2cm) + 3~15m above ground
with polyethylene or glass » . 1.2m above bottom
+ addition of distilled water
(500~ 1500me )
* addition of algaecide, if
necssary

APCD Bottle with wide mouth(@ - Proper height

(Los =10.8cm, 35¢) + Addition of distilled water
Angeles) (35¢)
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Rain
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— Wet deposition |

Fog

Deposition — (Cloud)

_LDry deposition I l Aerosol

Gas

Coarse particle

Fine particle

Others Dew

Fig. 1. Classification of atmospheric deposition.
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22 (84 mist 51 4 BAHEFE T FHIEY s AF2H 9

2 US EYG 2 dE Fol AFIohEL, 1991 0 A, 1984 ).
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WA FE, 1984).

Water Vapor

Condensation| Subimation

Nucleation Ice Nuclei Soil Particle
———s -———
Particulate l 1 N
Material Cloud ce Adsorption Saseous
2- - Droplet Crystal
SO, . NO;. P Material
cr . NH', ___ t ya Reaction
4’ |Diffusion L Melting Y Absorption HNO . HCI,
Na . K. % NH; ,S0,.NO
Inertial ( \/ 3 -~ T2
Ca . Mg Diffusion | Coagulation 03.Hy0, ,
Impaction\ / Gra/upel RCOOH ,
L N Radical
Raindrop Snow |
Adsorption
T Reaction
Absorption
Ground Ground

Fig. 2. Reaction of Particulate and faseous materials in precipitation
and removal mechanism on the surface of the earth
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¥ &7t AHel FE3 = T (Saltation), 281 A HA o]ed FT o
ol o3t Yolu= B f(Suspension)® %2102 o] zch 2 F oA
of AT FHEHY vAS FEHEE Fig. 33 Zol Uetd 3 gl

f':\- ; ll'_-
e _ V7 ¢ Sar ¢
Saltation Surface creep Suspension

—»—— Original particle

---#--- Secondary particles

Fig. 3 Forms of particle movement from the ground surface.

ol e AFE AXN drFoE FUE EYYAT tirlFe dozE
e vAe %L "rtsy) sl dwrH o2 A zHs 2 A F(enrichment
factor: E - F)E g2 o433t AZLsFHAFE Az Zo] ¥ Alolu
Fe 5& AREHEE |83 Aoy o] ABEAH g Z AHreo
FEH g AAFAMY FHE vlwF ol

dEE°] Fes ANREHAZ o] 88 A% g oy 7 49 ZF
FATE 78 U
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. (Xr/Fe)dustfall ~
= T (X,JFe) W

A71M, (XyFele Z&EA & ARFY Fesko e 2 &Y ¥

Bty 714 &(%) = Cc_wﬂ <100
dustfall
CFe/O 05 .
= e @
Cdustfal/ 100

714 Cnd ZEENFY ESFYA 7% Cosuas FH3EZ T Y
Crex= 23R 2AZF9 Fe Hsola 0055 ANZAFY Fe % FEvlott

(Mason and Moore, 1982).

2) iAol W AAAIE
AAY e ADBYRAN BHHE GAPBP U%YEF A G
8 HEUoL Ao 1048 AR B1F0R FYHE Ao 235

2 Ao, 1992; Stoker and Seager, 1976). SR ZHE dirjF oz Hik
e gl A4S Fig. 4o Yebd e} 22 5 72 A S AAH o

2otk of W AsEW] Selyd sl xel AR EDC o8 AMHE
YAE fmPAen shed, suel 1L FDL o o 200749 YA 4
et Zoz oA Atk adn NE #9499 o 7L sPuiehely

T odrgez s BE(Get)o] oyt o] E&FA dME B2 4
b AR E e olgA AEE AEJAAE jetd et ot
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Fig. 4. Several stages in the formation of sea salt aerosol.

Hrlges e AFgdAE T2 e % FLstq 1~10m A7)
ol o Ag [AReE 7l FHIA He drlF AFAINL FY F
AN & d Az A Jo(F, 1992, Stoker and Seager, 1976).
£k oot o] WAE MAYAE diZlFAM o shx] B3 B Ao
et ¢&&A Hed dr] $AMer ZLI7E 31 7)ol A HaSOs
Lt HNO:;% 2E& AAZbEe v EatA Ao, ol bd§ A3 Zo] JAYE
Aol 7kxz4el HCIE ¥E&9 “chlorine loss” @40 dojurjz 3tk
(Ottley and Harris- on, 1992).
NaCl + HNO3 — NaNO; + HCI1?
2NaCl + H2SO4 — Na»SO; + ZHCHT
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YA A g (%) = <Ztc..ss> /( ch.u %100 ®
o} 71 M ZL T o MAAAZEEH FAe ol AdEEY vE I A
olvl 2C. ¥ AHRAF 4 £84 cl2H¥ES FEE ¥ RozH
thg ko] AlutE
Zc = (Na )+(8S-S0," )+(SS-Cl )+(SS-K')+(SS-Ca™ )1+(S5-Mg™)

2.C = (F)-(C1)+INOz J+(SO5" )+ (K )+(Ca™)+(Na )+ (Mg )+ (NHy )

e HAYAZYE fAS 4 oledPe BE C.b Na 4P AE

gAZ ol Batel 48 2ol 78 £ Ao
Cow = (RFZ9 (¥ ABST/AFF] Na'ol 225E)NZeEd

2 Na 3¥5x®)
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514 B wlel go] Aoy AFTe) B W E A k] 2z 9%
S A F 214 HS-1), MAE 714 B2A(S-2), ANT A BE2A(S-3), A=

nFHH7IFH(S-4) T ANAPH} HnAFo g FAe JAF AFY
Fu(S-5)% F 5/ ARE AsAHANG APoz A

S-1 F2A8AFHY S-2 FHAFLE AFA AYF(EY 33 317 F2126°
32) 2 MAXTA MAZT(EA33 147 FA126° 3400 dAse A 9agd
1 xbEe] v 7] 7 2o 9 A ¥ e dH BEZE 300mAH 2 EE 500mAH
of virket sl QdoiA AAdHo 2 LAt HFAAY FFe we Hog
AzZbsyg JEER 7 Ego] =o] o] EYYALY vlitel 93 J&e gha
g Ao AsEe AHog. a2y S-3 FAHAFL FAFT Hag A
Al (F 91337 230 F7A126° 5309 92 Jdsd FHE dRREo mAx
Holir ofzke] FZAAZE A A3 FE o2 400mell vl A3t 9l
on S-4 FAAMFE FAFT AP nAN(EH33 17 FA126° 100
gt Fuel We %A 2 BxA To| AAstm HEoZ nvige} Q)
el ek webA 539 S-4 FHAH S AATAA] SAdd At EFAA
T oAty do] we vk Qe ofztel FAAE A3 Faig QA W
dele gle AddEold. olo] HIE S-5 FHAHLE AFA] olets AFHE}
w AE B4 fAste & 300me] FARLE AHZ A sitel M Tkmol A
dold o] siEYAe A8 dE 4NAH Hoes bdi HE Aoln, 49
of 4o 2 Fei¥d e AHolg.
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2tz Alse A1 1995 Y RE 1996 TEA 1d oo
o AlgAFe dg 1384 128 EYPAG. BEERY TP Fig. 63
Z& Dust jar(H A : 21.dem, Eo] : 16em, &% © 4.70)E o) L3lgoy zb
ZRAHA 22" Dust jare BtHHEOZRE 15me] 2= 9o A
AAFF ATE NETFA 30=3dFL d7isel WAEd A (rain and
snow) % ZA(aerosol, gas) AFE2S FA T HsE AT H LA (bulk
sampling method)2.Z 3. 2 178YE < WA Dust jare g

TYG ANF0R2 SAN UL VT F Ao Fao 4P

r

A FHEI MEE S-5AHANA 19959 108 7€ 1996 78742 of Y
2~53A AA AU oldf AH&F AlgHH FA= IHigh Volume Air
Sampler (MODEL AS-DDZ# Glass Microfibre Filter(Q.45m2 ¢ 1.2m /min
dre FEF2E 244 Tt AF AH3AG.

a2 MEAEE 19959 108 5E 19963 7¥€70A o) FEAveih A 9
ARY oY od 9NANE JlEozad 24E AANADG BEAAE
BeRAAci ZRae A% dzd I7 0me) fFUAARE AEs
500m¢ &9} el Aol BAH FUIA 53, bypass® ARE 104
Fol Zel”Y AsHo URATHEZ FYon], RRSAE dojz
ze) 04 AAE W/ TYFE Lol BH5E T2 2440 Y
- F 5 %0l 0molde] @ Afoe BH sMsd AlgE A48
a £33 A

POl O 2442 4 O BE 247 ASHoz T3



<— Bird ring

~«—Dust jar

}

Jar specification

Open diameter @ 21.4cm
Stand —= Height : 16cm

Volume : 4.7 ¢

Fig. 6. Sampling apparatus of dustfall.

Dust jarg ©o]&3ld AFHF ZE 7 As8v Fig. 794 Be uvie} 3o
284 APy 84 A¥os 7RI AU EAAFE SHEDE,
Dust jarlel E9¥ =F T 99 84 2 & dFEEL 20 mesh?
Az Austed A AAG. o d
Glass Microfibre Filter& ol &3t 3 g% Qe ggd 34z v
o]Aol &4 EBH Aol ESS WAFUA 7HE3ld £8E FF dx2AT

T 105TCAA 241 ¢ Ax2EF A ACIHAM WY, FFo2std HF



AT old FL& AFA AgdFE FHAH FEA AEFAZ P
Glass Microfibre Filterdte] B84 2 HEL o 2dia

ARrTAZ gt

oft
}i
(4
oo

2,

Filtration

1
Fllterate I Filter paper+Residue I
|P1pettmg of lOOmEI
[ Weighing
Analysis of soluble ion Drying with
species evaporation

Deposition of
insoluble matter

Deposition of soluble matter

Deposition of
heavy metal

Fig. 7. Procedure of measurment for deposition of soluble and insoluble
component in dustfall.
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)

R BEA AEEIAF (ton/kr/month)
gAY 2 B8 AIEAEY FA ()

> Dust jar¥ 27 (21.4cm)

: Dust jar®] WA LT (day)

VAR AE" (m)

b

O = O

3

a: % #dAxnzE (nd)

w

a3 84 ZEge] 4Ro2AMEe F, SO, NO3, Cl, NHy, Na', K/,
Ca®, Mg" & HAsgony 284 ZsE 3

ol Q7Y 48 TH3IA F 107& AAE(AL Fe, Mn, Ca, Cu, Zn, Cd,
Pb, Cr, ND)& AR zZt A8 EE Table 201 Ueld wog BAS 3

Ao 248 Age E4A7A 4T WA nAA Hastddd. Zatezl

TES AES EYVIE 94

39 2t 334 4% 242 99 Ax2 FHL Fig 8% 2o 221 ¥
FEA AR 24 A4E Fig 9% 2on WEe o4 4Ey 584
e AW Wwyoz BAGAT

Table 2. Analytical method used this study.

Species Analytical method Model
Metals
Al, Fe, Mn, Ni, Ca, Atomic Absorption GBC(Model : 908PBT)
Zn, Cr, Cu, Pb, Cd  Spectrophotometrv(AAS)
Water soluble species :
~ NHy' Indophenol Blue Method UV(Model : 8452A)
Na', K', Ca®, Mg"  Atomic Absorption GBC(Model : 908PBT)
Spectrophotometry(AAS)
S04, NO3, C1. F Ion Chromatography(1.C) DIONEX(Model:DX-100)




Filter paper

+ Residue

I

Cutting

|

Add mixing solution
(6M-HC! 75m¢/156M-HNQO3 15m8) 45m¢

Refluxing (1.5 hours)

|

Filtration
(Membrane filter, @ =0.45um)

Analysis sample(100me)

< make up to 100m¢ with distilled water

Fig. 8 Analytical procedure of insoluble component in dustfall.

Filter paper

|

[

Add distilled water (50m{)

]

[

Add mixing solution(6M-HCl 75
me/15M-HNO3 15m¢) 45mé

Shake(3hr)

T

Filtration
(Membrane filter, @ =0.45um)

Refluxing( 1hr 30min)

Filtration
(Membrane filter, @ =0.45zm)

l

[ 1
IC & A'A uv AA
(Anions & cations) (NH4) (Metals)
Fig. 9. Analytical procedure of TSP sample.
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Table 3. Deposition of dustfall sampled at 5 sites in Cheju area.

Component  deposits(ton/kn/month)  [D/TD" SD/TD’

Site Total Soluble o) (%)

S-1 5.699 3.326 416 58.4

S5-2 2.827 1.334 52.8 472

S-3 2.493 1.567 37.1 62.9

S-4 10.889 2.553 76.6 234

S-5 2.811 1.453 48.3 51.7

Mean 4.944 2.046 58.6 414

Seoul"’ 10.335 2.142 79.3 20.7

Kwangju” 7671 2.940 61.7 383
Pohang city” 236 - - -
Youngilgun” 145 - - -
WHO 15.0 - - -

Sampling period
1) Mar., 1992 ~Feb., 1993(¢], 1994)
2) Jul, 1992~ Dec., 1992(F, 1993)
3) May, 1987 ~0Oct., 1987(dry deposit only)(#, 1987)
4) May, 1987 ~0Oct.. 1987(dry deposit only)(#. 1987)
*. SD/TD : Soluble deposition / Total deposition of dustfall
** ID/TD : Insoluble deposition/ Total deposition of dustfall

Table 3014 RE= nviepgo]l dH ZHxHe HF 84 HalEIEe
2.046 ton/kr/month2 4 F 32 AFY 414% 5 At o] Moy
FF 59 gAY vlE F8A FEEANF Vg ax F

BAg a3 FHAHYE F84 FAENFS vl B¥ S-1AFY #
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ol M 1.334~1567 ton/kr/month® ¥l @& Z3EIEFS B 53
S-4 AHE& F Z3EWZd NG F&A BIEIFY VA Eo] 234%E
gE ZAHAH H 4 ZsERF 7o go] QN 2FE 5HE Hol
=d ole FAVNEF S-4AFY HTFHol 71 misecEHN THE A H
TFE 4 34, 26, 3.2 m/secEtt 84 vlzo] 7ty FH wWe A AH
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o] AIZEY WE A4S YolEYs) 4 SAXAFY 94E F 4
GedFS A3 AE Fig. 109 Jebdoh Fig. 10014 BA Moz
B M FE(33.848~0.686 ton/km/month)& o}F A A Yetd

& oo oded F AIEIFol =A JEd S-4 AHFY S-1 AP ¥E
Z w3k A4 Jerd wd F e dFe] A oA 3 A ¥
Hol1 SlSE & & Utk olv ¥¥ ®TFo
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Fig. 10. Monthly variation of total deposition of dustfall at each

sampling site.
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15 " 9o 1 |z Insoluble
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Fig. 11. Monthly variation of the deposition of dustfall, soluble and
insoluble components in dustfall on Cheju area.
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Table 4. Seasonal deposition of dustfall in Cheju area.

This study Seoul"’

Season Total deposits ID/TD™ SD/TD" Total deposits ID/TD™ SD/TD’
(ton/km/month) (%) (%) (ton/km/month) (%) (%
Spring 5.828 64.0 36.0 13.508 81.5 185
Summer 2517 529 47.1 9.983 8.5 145
Fall 4.126 476 52.4 8.697 72.0 28.0
Winter 7.304 62.5 375 9.003 78.2 21.8
Mean 4944 28.6 414 10.335 79.3 20.7

1) Sampling period : Mar., 1992 ~Feb., 1993(°], 1994)
*  SD/TD : Soluble deposition/Total deposition of dustfall
== 11D,/TD : Insoluble deposition/Total deposition of dustfall
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Table 5. Content of water soluble ions in dustfall sampled in Cheju area.

(unit : mg/g)
: Water soluble anions Water soluble cations
te - 5 A . . vy s
o F Cl NO: SO K Ca® Na Mg NH;
000 377 073 000 000 000 008 000 0.00
Range ~ ~ ~ ~ ~ ~ ~ ~ ~

2023 366.02 116.22 48753 11.06 129.26 140.22 46.53 71.81

Cheju Mean 091 10517 3397 14928 369 3048 4050 1228 9.40
arca
SDY 288 8367 2609 10128 3166 2311 3086 819 11.90

Fracion 54 9797 881 3870 096 79 1050 318 2.4

(wt, %)

Mean 065 9354 2992 16959 389 3473 3769 916 833
S-1 i

Fracion 17 o412 772 4374 100 897 972 236 2.20
) (wt, %o)

Mean 013 9367 3765 19024 301 37.92 3920 14.09 16.10
S

f\rw““‘“] 003 2168 872 4403 070 878 907 326 373

Mean 264 18071 4217 17212 511 2330 5574 1769 931
S8 Fracti

I({\f“”r; 052 3552 829 3383 100 458 1095 348 183

Mean 059 899 1934 5958 344 1365 3685 975 574

Fracion o5 3660 823 2536 147 581 1569 415 2.44

(wt, %)

Mean 0534 7207 4082 15526 301 4277 3313 1071 735
$-5

(FraCth’,” 015 1971 1116 4246 082 1170 906 293 201
wt, 20)

* S-D : Standard deviation

W sAdAe] S Hotsrl A Ad
of 243 2dx stAHEE HFFAMd Nao e 2

oleyiel daAswus FaEVE Naol @ 7 o LHEY FEuE



Z82 442 AHE38to Table 6ol YebRth o714 NO; ¢ NH:, F & 25

gzl AR 7hAs A

Table 6. Mass concentration ratio of each ion species to Na' in dustfall.

Ion . (Ci / Cxa)d™"

Species /O $-1  S-2  S-3  S-4 S5
F - 0017 0003 0047 0016 0016
cl 1.797 2482 2390 3242 2334 2175
NOs - 0794 0960 0757 0325 1232

S04’ 0.252 4500 4853 3088 1617 4686
K’ 0.037 1103 0077 0092 0093  0.091
Ca” 0.038 0923 0967 0418 0370 1291
Na' 1 1 1 1 1 1

Mg” 0.120 0243 0359 0317 0265 - 0.323
NH. . 0226 0411 0167 0156 0222

*. (C,/Cx. )s'mass concentration ratio of each ion to Na in sea water
**_ (C/Cws Jamass concentration ratio of each ion to Na in dustfall

Table 614 2A a1 A4 (sea sal) 2FE #FALE 4 A F8
Ao Naol tigh 2y ien7t siaFaAe] dgEen Bd dEE EA
LHEbU s o R Hol R F 84 HAEe
719 (non sea salt)2] F82 FAjol w1 Ae A
SO 9 Ca® el AFrwus HFEForMe 2
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& grE ddrIdozRH FAHT K Mg dEE a7l vlals

T
ey WA o Aduxel 7ledge sera]
daf 4 B e dAe ALRE AR 24 ZRAHAAY HLFAR 7]

dHE g vld 8 7t

A4 wd AFAG AAEAE FEA AR Y A )
g e WAoo 322% AE Hol g WFAYANA ZAE RHEo
He Ml e0%ugE 53 w1 48 3% 5o ALl =
g Ashebt W&d e RATHE, 1992). AFAGNe 2 AW o
A& Wi Y S-4x P R A S o 42%2 e A Hol
vlel 95l mon sjetoRtE sy wel woid S-5x el 4 wakch

oln WA A Aedd A S-1, $2xdFel 13 B S-3

Table 7. Predicted contributions of sea salt to soluble components in

dustfall.
Gire Seasonal contribution (%) Average
Spring  Summer Fall Winter contribution(%)

S-1 21.2 18.3 40.2 41.2 30.2

S-2 19.6 36.6 38.1 15.4 27.4

S-3 29.6 34.0 55.9 20.0 349

S-4 32.8 39.3 72.5 219 41.6

S-5 15.8 36.6 382 16.1 26.7
Average 23.8 33.0 490 229 32.2
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Fig. 12. Monthlyv variation of the concentration of each ion species in

dustfall deposited on Cheju area.
(a) : anions (b) : cations
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Table 8 Content of heavy metals in dustfall sampled in Cheju area.

(unit : mg/g)

Item

Heavy metal

Al Fe Mn Cu

Zn Cd

Pb Cr Ca Ni

Range
Cheju
area  Nean

SD

158 905 33. 481

0 000 1 999 0. OOO 0. OOO
0. 976 12. 789
0.253 0625

0.231 1.954

8.294 13.194
21032 8586

0.000 0.000
8.536 0.622
0.697 0.001
1.454 0.004

0000 OOOO 0000 OOOO

0.243 0. 136 43 775 0. 101
0.051 0.029 1.299 0.024
0.072 0.038 5.845 0.027

Range

Mean

0.039 2310

15848 20.870
3.847

0.013 0.002

3.448
0511

0.788

10.481 0.200

0.000 0.000

1.785 0.022
0.438 0.003

0.000 0.000 0.000 0.000

0.203 0.129 9.790 0.044
0.066 0.024 0.900 0.021

Range

Mean

0046 76/3

158 905 2o. 113
19.724 14.208

0.057 0.004
0624

0.255

4.451
0.416

OOOO 0000

2. 881 0. 008
0.814 0.001

OOOO 0000 OOOO OOOO

0720 0134 03'31 0003
0.065 0.026 0.039 0.022

Range
S-3

Mean

0.000 2.442

0.000
0.660
0.141

0.001
1.672
0.287

294 18. ‘?63

15..
2.

0. OOO 0. 000
2. 206 0. 004
0.500 0.000

0.000 0.000 0.000 0.000
0.243 0.077 1.180 0.036
0.037 0.019 0.098 0.008

Range
S-4

Mean

0.185
0.976

0.004
5.721
0.742

923 53. 481
12.392 20.841 0.427

0.000.0.000
3.824 0.015
0.475 0.002

0. OOO 0. 004 O 000 0. 005
0. 122 0. 107 43 775 0096
0.045 0.046 5.073 0.049

Range
S-5

0108 2672 0002
17. ”6‘7 17. 813 0603 12. 789

OOOO

0.000 0.000
8.536 0.001

OOOO OOOO OOOO OOOO
02”8 0130 2. 10: 0101

Mean 2928 10429 0240 1.170 1.257 0.000 0.040 0.029 0.386 0.019

* S-D © Standard deviation
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Table 9914 B Mn. Cr, Nidl dig A5 FA5F<s AY 1 717t &
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AzZtsFAse 1 Bt A9 232 g8 2dS & 5 Utk
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e

Table 9. Enrichment factor of each metal element in dustfall deposited
on Cheju area.

Xi/Fe' Enrichment Factor Average

Element in crust $5-1 S-2 S-3 S-4 3-5 Enrichment Factor
Al 1.626 0.226 0854 0.158 0366 0.173 0.355
Fe 1 1 1 1 1 1 1
Mn 0.019 1.004 0945 0.743 1.078 1.211 0.996
Cu 1.1x10°  44.323 26,618 26.130 32.366 101.988 46.285
Zn 14x107  29.850 40.923 35.768 16.280 86.092 41.783
Cd 40x10" 71558 17596 -  23.991 - 22.629
Pb 26410° 24,220 17596 14.252 8.305 14.752 15.825
Cr 20x10° 1.145 0915 0951 1.104 1.390 1.101
Ca 0.726 0.118 0.004 0.014 0335 0.051 0.103
N1 15210 1336 1.032 0534 1567 1215 1.137

*, Mass concentration ratio of each metal element to Fe in crust
{Mason and Moore, 1982)
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2 A3l Table 109 e},

Table 10. Predicted contributions of soil to dustfall in Cheju area.

Contribution of soil (9%) Annual average

Site Spring  Summer Fall Winter contribution of soil(%)

S-1 22.8 346 18:5 79 209

S-2 34.8 25.3 27.3 26.3 284

S-3 279 11.2 78 33.0 20.0

S5-4 34.0 33.0 56.5 43.2 41.7

S-5 278 15.3 11.9 28.3 209
Average 295 239 24.4 277 26.4

Table 1014 H@ AFAGe] 3] B 24U AL
BT 264% A= At Aoz F3dY 2PAPPE SaANHY BRYA
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Table 11. Content of water soluble ion and heavy metal element in
dustfall, TSP and rain sampled at site S-5.
Dustfallimg/g) TSP(mg/g) Rain(mg/ ¢ )
Item
Range Mean Range Mean Range Mean
F 0000 ~ 3865 0646 0.018 ~ 0.339 0.158 - -
Cl 0.783~263.864 74480 3.786 ~ 26486 15318 0.112~ 30.046 3.874
NO; 5956~102.093 36487 16.118~ 78.399 39.073 0.031~ 18.501 2.370
SO 0.000~313.218 114.043 37.827~146.852 88.937 0.081~ 24.469 4.070
K~ 0000 ~ 7674 2476 0430 ~ 4688 2105 0.010 ~ 2.109 0.279
Ca® 7.906~129.262 46437 3.055 ~ 11.218 6.883 0.065 ~ 4.534 0.829
Na 2634~ 86749 25993 0979 ~ 45432 15453 0.000~ 12.774 1.856
Mg® 1288~ 18271 10.826 0768 ~ 4604 2610 0.000 ~ 2409 0.335
NH; 0.000~ 21.030 4530 0078 ~ 7.735 1415 0216 ~ 1.875 0.659
Al 0188~ 17.262 3228 0388 ~ B.141 2997 - -
Fe 2672 17815 11526 3524 ~ 13451 7.886 - -
Mn 0.028 ~ 0603 0.280  0.105 ~ 0.503 0.283 - -
Cu 0000~ 12789 1400 0230 —~ 1453 0510 - -
Zn 0.000 ~ 8336 1273 0224 ~ 2332 0.774 - -
Cd 0000 ~ 0001 0000 0000 ~ 0.096 0.023 - -
Pb 0.000 ~ 0.228 0.046 0009 ~ 0754 0418 - -
Cr 0.000 ~ 0.130 0.032 0.000 ~ 0208 0.073 - -
Ca 0000 ~ 1517 0252 0.000 ~ 9.075 2.805 - -
Ni 0000 ~ 0.101 0022 0015 ~ 0.168 0.062 - -
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Dustfall

Rain

TSP

Fig. 13 Contribution of each ion species to soluble component in
dustfall, TSP and rain at site S-5. (unit : %)
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Table 120 e} Wit

Table 12. Mass concentration ratio of each ion species to Na'.

(Ci // C,\'a‘ )d,l.r”

Ion Species (Ci/Cyat)s’

Dustfall TSP Rain
F - 0.025 0.010 -
Cl 1.797 2.865 0.991 2.074
NO3 - 1.404 2.529 . 1.277
SOy 0.252 4.487 3.795 2.192
K' 0.037 0.095 0.136 0.151
Ca” 0.038 1.787 0.445 0.446
Na’ 1 1 1 1
Mg*’ 0.120 0.416 0.169 0.181
NH. - 0.173 0.092 0.355
*. (Ci/Cwa-)s © Mass concentration ratio of each ion to Na in sea water
#* (C/Cxa)dnr - Mass concentration ratio of each ion to Na in

dustfall, TSP and rain

H

oX,

—

A 29 Na' o] %

A

H O
T

Fig. 139] o] 2 zAuoa 2 ue} 2o
7t 3R Fo Na' 2A¥ET ¥ Ao "ol fddxte] 43& A
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EHlE AEdF AFsenEo Y g3A e, olad d4E B
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FrEe ARG qr)FoA e MFAL] 2o g} 2L “chroline
loss” @Atol A7) BfFez Hddh(Willison, 1989 ; Ohta and Okita,
1990 ; Ottley and Harrison, 1992).

NaCl + HNO3; — NaNOs; + HCI!

ZNaCl + H:SOs — Na.SO4 + 2HC11
£3 Fig. 13914 & upel 2o] A7y HdRoz 22 NO; & Ba8
Zol oha @ol FaHol o SO AREe 4o e ReR3
FeH7h 453 52 54& Holed ol Wy Fe
Aol EFAAZEE Ry HET o
o2 A7bEnh 323 Ca¥ AR RFEAN B S v BERERZ o
T FHEol ded o Ade FoAAME HPE vl o] PRIV L E}
Bake] AHAHJA e FUHoZ go] wol EFo UF FHE Ca A
Fol #aHA7] HFo2 ALSEHT Table 13914 B i v} 2ol Mo
22 o F8Y o2 Ed dHF MFYAe] 73§ vlEo| 443%2 7H
A dewten FaEdd FHEA qFd sMdgAY sldege 2

£ gAY RaRel A Fe B4 udoh

P

<

Table 13. Predicted contributions of sea salt to soluble components in
dustfall, TSP and rain at site S-5.

Item Dustfall TSP Rain
Contribution of sea salt(%) 26.7 29.2 443
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Cd Pb Cr Ca Ni
(0)(0.3)(0.2)(1.4)(0.1)

TSP

Fig. 14. Contribution of each metal element to total metal contents in
dustfall and TSP at site S-5. (unit : %)
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olei® A & FFHARN W AF HE2AFE Yetd Table 149
EddAe 714eE Y Z2AE B Table 159ME EA% 5 g
Table 14914 RE Za 2 Fo Crd Ni Y2 32 ELr|QoA ¢
R Aoz FAHAAAY RRHE dalde AN7IYoz R FhFd 2
of 423 B FFL AR U S ¢ F AW 2232 AHyHoz B 4
FEEol iy EFAzte 71 g2 235% FEQ o] R Rxo] ha
B4t 7194 &2 olrn A 2L 158% PRyt 32 o= Hoz &
s Aot

Table 14. Enrichment factors of each metal element in dustfall and
TSP relative to crustal composition at site S-5.

Eenrichment factor

Element

Dustfall TSP
Al 0.172 0.234
Fe 1 1
Mn 1.279 1.889
Cu 110.422 58.792
Zn 78.890 70.106
Cd - 72.914
Pb 15.350 203.867
Cr 1.388 4.628
Ca 0.030 0.490
Ni 1.272 5.241
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Table 15. Predicted contribution of soil to dustfall and TSP at

site S-5.
Itemn Dustfall TSP
Contribution of soil(%) 235 15.8

4) ¥4 & #4(principle component analysis : PCA)

FHAEL 249 FE 23 243 959 FAY 54L& 94 @F &%
ol 5HAAd MEEE =87 Aoy, o] HAHAN TEE Mz WSE
&, & FAZPCY Aol golata &g A7 Az @ol Ueu
g wetM =39 PCY S LoldtAl &7 A BFHE 3" Yo)
23 AE&H3 gled, & dF9ME VARIMAX7IH & A9da o o
& FAE

FatEol ¢80 -1AFD)HEE FEEHE JaEPe o}
Yo RAM duboz s de ol &FH 1 e wyolt

HF2E Fatgge] &40 FIFEHEA B A g5t
FREEY(PCAIE AP ZAHE Table 169 Yerdtr. & 2078 W4of o
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Table 16. Result of varimax-rotated

PCA for Cheju area dustfall data.

Variable PC1 PC2 PC3 PC4 PCS5 PC6 Communality
Cl 0.5909 -0.1528 0.0813 -0.1465 05087 -0.2049  0.7013

SS-S0s°  0.9645 0.0094 0.1715 -0.0281 -0.0007 -0.0449  0.9625

SS-Ca®  0.9659 0.0158 0.1682 -0.0237 0.0081 -0.0353  0.9634
Na' 0.9647 0.0083 0.1699 -0.0267 -0.0023 -0.0462  0.9624
K’ 0.8414 -0.1545 0.1733 0.0498 -0.0601 -0.0153  0.7683
NO3 0.2052 -0.1468 0.6814 0.2506 04143 0.0105  0.7842
NH,' 0.3318 -0.0797 0.7804 0.0123 -0.0734 -0.0335  0.7322

NSS-S0s*  0.1677 -0.2403 0.7799 0.0786 0.1180 0.1833  0.7478
Cd 0.1902 02520 0.5524 -0.2423 -0.2694 -0.0792  0.5424
Al -0.1400 0.7130 -0.2051 0.0556 -0.1812 0.3903  0.7582
Fe -0.1020 0.7332 -0.1722 -0.1972 03243 0.0623 -0.7255
Mn -0.0337 0.6622 -0.2797 0.2057 -0.1410 0.2946  0.6668
Ni 0.1284 0.7478 0.0265 0.3594 -0.0966 -0.0773  0.7208
Cr -0.1250 0.6436 0.3555 -0.0009 -0.3350 -0.0130  0.6687
Cu -0.0199 0.1671 0.0046 0.8571 0.1750 -0.0971 0.8030
Zn -0.0735 0.0443 0.0577 0.8693 -0.085%6 0.209%  0.8176

NSS-Ca® -0.2108 -0.0088 0.2714 0.1214 02999 0.7597  0.8000
Pb 0.0297 03315 -0.0878 -0.0075 -0.2312 0.8185  0.8419
Ca 0.2483 01753 0.0803 0.0612 -0.5454 0.0082 0.4001
Mg” 0.3058 0.0720 0.1838 03273 0.6615 0.0427 0.6790

Eigenvalue 53375 32216 23632 17154 12989 1.1093

Pct of Var 26.7 16.1 11.8 8.6 6.5 55

Cum Pct 26.7 42.8 54.6 63.2 69.7 75.2
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