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Summary

The purpose of this study is to measure the concentrations of the trace
elements and the water-soluble ions contained in PMI10 during yellow sand
periods and to estimate the contributions of emission sources using CMB
model in Cheju area.

PMI10 particles were collected by cascade impactor at two sampling sites,
named as Site M and Site U, for the 9 months from Dec. 1999 to Aug. 2000.
Twenty two elements and 10 major ionic species were analyzed.

A yellow sand phenomenon was observed in Cheju area for the sampling
periods of 12 days. The dominant wind direction was the north west to the
west north west, and the wind speed was 3.1~8.7 m/s during these periods.
The average PMI10 concentration was 66.19 ug/m' at Site M and 63.61 ug/m'
at Site U during yellow sand period, and 25.03 ug/m" at Site M and 23.42 ug/
m' at Site U during normal periods. The average PM10 concentration during
the yellow sand period increased over 2.6 times at Site M and 2.7 times at
Site U higher than that during normal period.

It can be show that; The concentrations of species such as CI NO;, K',
Ca”, Na'and Mg” in the fine particles and F . Cl. NOs, SO#, Ca*, Na'
and Mg”' in the coarse particles is increased during the yellow sand period.
Especially, The Ca® concentration is remarkably increased over 5.5~7.7 times
Site M, 4.3~79 times at Site U. In order to evaluate the effect of sea salt on
the water soluble ionic species, the enrichment factor of each ionic species
based on Na' was calculated. The result showed that during the yellow sand
period Ca’' might be attributed only and during normal period Ca® might be
attributed to both of sea salt and non-sea salt at the same time.

It was found that trace elements contained in PMI10 were affected by
soil-originated elements(Si, Al, Ca, Fe, K), marine-originated elements(Na,

Mg), and anthropogenic-originated elements(S). Total concentration of trace



elements during yellow sand period was 2.2~4.6 times higher than those
during normal period. Especially, Si, Al, Ca, Fe, K, Na, Mg and S showed
relatively. In that case, the rate of increase in coarse particles was higher
than that in fine particles.

The CMB model tests showed that fractional source contributions for coal
briquette external combustion, heavy oil external combustion, gasoline vehicle
and soil dust h’ad negative value. These case are found when a source profile
has collinear with another profile or when the source contribution is close to
zero.

The fraction of source contributions during yellow sand period at Site M
are Yellow sand of 40 %, Diesel vehicle of 31 % and Ammonium sulfate of
13 % in the fine particles, and Yellow sand of 57 %, Diesel vehicle of 27 %
and Marine of 14 % in the coarse particles. On the other hand, the fraction
of source contribution at Site U are Yellow sand of 37 %, Diesel vehicle of
37 % and Ammonium sulfate of 11 9% in the fine particles, and Yellow
sand(68 %), Diesel vehicle of 19 % and Marine of 14 % in the coarse

particles.
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W7lgol BHata de 4z azizt & Ao WFd MFsE AL
ol &ol FAE FHo] ErHwsIRAW 20 moldte ArE RE Y= AAE
TFo| 7hsdtth. HAE H Aol H 02~20 mA L)Y HREE 04~12 mol
TEIGT d2A dth(Laurent, 1993 B 5, 1994; o] 5, 1995; o] 9} &,
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o} &, 1995).
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g At d7lF 23 kel %2 nAE #4F H4YS HYHo mo}
83 2 FES AFS) 3ly] Y93 Qurye HawyozE: @ gu Al (source)
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inventory)9t 7145 EE 7122 FEAHo R LPEAY] FEE &=
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& AN FA L BAZYY gy AFE BF &4 a1 s §
EATA wdo] e Foz £42de 4P F£3 U 2o
T EARdY A3E 8§ 2 AT 45 2 #AZ wdsa.
- TFERELS FRAFAA Foizl 2AHY 2YF, 33 PYRE ARG A
g5t FEAH P 2 dd AFAH JAEE FAH}E WPz M2

€ 7399 WEdo] dirldol2 & i Ui 7= g A= 9
o} 8 5ol W th(Gordon, 1988). 4@ 2B EAud o we 34 @n
73 2 A ¥ (microscopic method)® 38}8H& 4 ¥ (chemical method) 2.2 F2& 4
AT ARIFML dAGHe] BHG 7oz s FSRE 2FdYe A ¥Q

T Ao, AFAHY BN oego] vk HRAYL SLHE SA]
Mol weh o2 7k2] EAgel doy HIZ 71 go] ol&HE wye sista
F4+ 2 Y (CMB; chemical mass balance anaiysis)® th#H = 249 (multivariate
analysis)©]™H(Henry %, 1984). slstaA g2y thr) B9 833 24 24
Axe] e Z4zte] RE 2gdo) 7ldg A @ goe 1A ste Hax
A5y o WHE o83 7 29U Vg A&t Yol th(Watson,
1984).
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3t B, MG, Ag, o, 287, e EEAT 6719 2o B 7]
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AatdoA A 5748 AFEH T EHH TSPE o] g3ty 2dde 7odcg 3
A3t
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1. Yrret=3o 1Y

Ao d7)FolN A JAFED L w)$ thFsy Yzt gA, 3
A 24, AHH AgE, Wl AP P FF EXH 502 Addo AM &
A FF¥H #4F LAdIAE S @y, YAdEde I Qe
Aste] of7tza] E AR U e FHU ety EHS 2HsE= B}
ot AZA 2 W YA EAHozE grFE YARY, 5% BAHE
dzkel A7), WiEd WMEEAFT YA g3y EX QM Adygn wBAd
ot zAoly Al - Fhol @E Ao w2WE S g A W9
URAEA o disirgt deix Qlg Bolr),

H7159 S LFEHELS i 0.005~500 me Z7)1E X3 glen 29
Ao FHo wet 553 A7) ¥HE A2 A 2D YA wa =
A 272 2§78 + don, dF 20~50 muwe YL v M Y2Hfine
particle)2} 1 &, 1 o] AAE Zh¢d R} (coarse particle)d i Frd 2o
b vhdel Gl Ede wx 9 fPge vREd JAH BYynPL AH F
2 Agdged, A9y 2oz RH HEd o] YR ot olad FuY
b ME F, 7 B EE AL Wl AEW "olx 7] wo) n]4 gt
Hlsh 24 Fafell i 7l B &g, 2003 F Ao 25~10 mQ
ke 287 282 7HA AR 8 S 3 AL AL I nA
TE Ao wrdol, v AMAR A4 AEAY wWEtA 2 steted
o MzAA T Fe AYH LAY A7 A, ofyAAUY HAA §7]3
FE Fol EEFAFE AA stadeld Aoz WHEE 23 YA BF
(secondary particle)o] iR #o2 o dH LA XA B2 ZF(number)d 90~
9 %E A g,

b ARl 23k JabdE A2 SO, NOs, NHy' 28 ©)5& SO, NO%



NH35 9 724 QS22 RE AHEY. oAdANEdEe 87 1% =
T 7hA-dA HEEY Aoy FtA-QAY HY B4 wiRo] A z+ AP
A9 wWE el vt den MAYR FaAA BHHE SOL 9 NO; 9
7bed Hele F2 NHa'9 whg38to] NHNOs (NHe.NOs, (NH)OHNO:S 9 2
HHHE Hole wie ZOiYAe ZeE FAAEH gasiEo] F2 Nagt
W3-8t NaNOs, NaxSOsg o2 Afsle Aoz dald hChow 5, 1996).
Appel 5(1978)°l 9&t® SOL 3 NO; & #2 NH,/ o2 EREd:s 2L u
& v e, Kadowaki 5(1977)& v aololA A3 Ax NO; & 14 Ao
M F2 NHNOs¥elolx, 2giaAlol & NaNO;BH 2 A%t B asg.

2. Ao By

2-1. BALel A

T S Bojee UAZZTS FAlE ok ALY WARE ZAMEY)
A3l Gao(1992)= Ee#iret A8 & A3ty Ay RIE A e, $E
1Yo RRI Fo dexoln gMuYe] HxZo] 1 thge F8 wUx
& BAt ol AN FHE FA NFoeREYH §R B Boz ¥
b7 R @3 dEE JgsHoes e 54 z2tE Y doz
EF 5 Aot Ishizaka(1979)9F Murayama(1988)= A X714 $14 AFLAAEE o] &
stol BALe] o]F g Mo 53] FATEY oF2AXNE EUZ ALY
ERAAE FAHHAL, ¥ JNFATFAU90)NAE AL HAAE sy A
doz 7t 4 9 Ao £x g AEs . £ Ishizaka(1981)=
A A8E AHEY XM EMoz  gate] wUxAE  zAEIYG
Iwasaka(1983)9} Kai(1988) HEolA] Lida #ZF02 AL dFoz oy =
ol 5o} #FHI YSES AANG vk don £F 2FEA 3 wyoz YA}
TP E o] Aoz HHsld 39 £x A¥S P



T g, B 2UAE F2 dHAXE L auAY, FEXM, g
FeoizAbg, e 2 xatut geiiabe Folth ojAe F2 3 EM(E I
21995 3 3 &, 1994)3% A71xe 719E 47 e FI(E, 1990 F T
v, 1995)¢ A Eoltt Table 12 ol5 WAA A9 A} BANEE ZAs
7l flste] W zk 2AA e HAE dESAA F, g Eeit AR 35 °
N~42 °N, 75 °E~90 ‘E&, u]AtZ& 40 'N~48 °N, 95 E~110 ‘E, ¥&Exn
YL 34 °N~40 °N, 105 ‘E~114 ‘E2 1 ¥ 9§ Ao & 7133 &3y o
Z1EA 9 WA ol FAFE7E Holx 1W ol UEetdd AL dAdR A
Abste] 2% Aolv, Table 2& 9 ARE o€t ZF SAA A Fa} @
ANEES U8 JHA2 Yebd oA F, 1999). LA AA e FAae EE
ghobt Abgtoll Al FAo BEH o 5259 HAsHon, 1 F 3¥9 AY B
o AT 3H] Aol N B FAZE of 299 AP o, e et
 Atgel Aot 2 490 Al Bol Ao, FERYANE FAIEA
°] 7592 F AtA|H o] wYAA| o HlEt] FAAA Gt



Table 1. Number of yellow sand days in the source regions in spring
for the period of 1980~ 1994

Year Taklamakan desert Gobi desert Loess area
1980 73 48 12
1981 80 46 16
1982 82 35 11
1983 82 32 8
1984 &34 29 11
1985 65 31 11
1986 50 32 10
1987 44 36 5
1988 36 22 11
1989 37 19 4
1990 29 24 6
1991 20 22 0
1992 31 22 4
1993 32 24 4
1994 42 15 0
Average 52.5 29.1 75

Table 2. Monthly mean number of yellow sand days for the period of
1980 ~1994

Month Taklamakan desert Gobi desert Loess area
March 198 7.8 18
April 16.3 115 3.7
May 16.2 9.7 2.0




2-2. %Abe] BEAL

Table 3& 98 uet 1070 #F2c0A #5349 304 F FALF A8E ©)
£3ta] Az FPAF Ao FA BN FHF(BE £9 F)E HERE Rolg &
B 19679 € 1996 744 3067 8 vk BE@~59) 1078 713 d5 &
(Mg, B4, 7, 35, dd, dF, 35, &4, 25, AT 2859 4 A
5E AHER Aolth(d %, 1999). ] HollA uvebd &A= stellA AF7 1074
BEE F HARD DR B540A 238 S s G4 24 5E o
o AL A g5 gatddel 10 dFAE TE 1Y ol AEHE BH
o 348 vetd Aoz 8 v BF Hd FA dec o 84delx, 2
ZFolAM 490 BF AAY oF 50 %P EQ 41Y FAE Rl UdEwton, 1 9
59, 39 & otk dxd #HA dge 2 WHst didd] e 19893 =
A7 BHE wAgstA Fgka, 1995dE 1992 o] VIt F MR ¥t B
AL b st B A Hd 343)0la 490 153824 o AWE AA|sL gle
B olZx dA 59, 39 & otk diFH oz $2 yeh FAe FEH ¥ 13
4 #EE Aot

Table 4= Y AEE A3t F #A d59 98 £XE dehd Aolnh
-2 vet 100 =A F %A B350 7t wol @ R A Eoln, AUt 7HE
A B9 R Faoz velnch A @FE dAHoR Mg, FF 5 A
Zo) HA G EAAA o Bol #EHHAAL, FAoY BT T FFe A} =
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Table 3. Number of yellow sand days in South Korea for the period of
1967~ 1996

Month Total
Station
March April May (Seasonal Mean)
1967 4(2) 4(1) 1) 9(4)
1968 2(2) 3(1) 5(1) 40(4)
1969 3(2) 7(2) 1(1) 11(5)
1970 0(0) 1(1) 0(0) (1)
1971 2(1) 6(2) 5(4) 13(7)
1972 (1) 1(1) 4(2) 6(4)
1973 1(1) 5(2) 5(2) 11(5)
1974 4(3) 4(3) 1(1) 97
1975 1(1) 7(2) 0(0) 8(3)
1976 2(1) 7(2) 9(3) 18(6)
1977 8(3) 2(1) 1(1) 11(5)
1978 0(0) 4(3) 2(1) 6(4)
1979 00) 5(2) 0(0) 5(2)
1980 0(0) 2(D 3(1) 5(2)
1981 2(1) 3(1) 9(2) 14(4)
1982 0(0) 0(0) 10(1) 10(1)
1983 3(2) 4(1) 6(1) 13(4)
1984 2(1) 2(1) 1(1) 5(3)
1985 2(1) (1) 00 3(2)
1986 0(0) 1(1) 00 1(1)
1987 1(1) 00) 0(0) 1(1)
1988 0(0) 10(2) 1(1) 11(3)
1989 0(0) 0(0) 0(0) 0(0)
1990 1(1) 7(3) 0 8(4)
1991 0(0) 0(0) 7(2) 7(2)
1992 00) 9(3) 1(1) 10(4)
1993 0(0) 12(3) 5(1) 17(4)
1994 0(0) 3(2) 0(0) 3(2)
1995 3(2) 12(3) 4(0) 19(5)
1996 (1) 2 3(2) 6(4)
Average 1.4(0.9) 4.1(1.5) 2.8(1.0) 8.4(3.4)




Table 4. Total number of yellow sand days at ten stations in South
Korea during 30 years(1967~ 1996)

. Month Total
Station -
March April May (Seasonal Mean)

Seoul 23 66 39 128(4.3)
Chunchon 12 48 37 97(3.2)
Kangnung 10 49 29 88(2.9)
Chungju 12 55 34 101(3.4)
Taejon 13 53 27 93(3.1)
Chonju 18 49 35 102(3.4)
Kwangju 20 66 40 126(4.2)
Taegu 26 55 29 110(3.7)
Pusan 13 47 21 81(2.7)
Cheju 17 49 29 95(3.2)

2-3. B F=EA vIdA Y

A7 BA" FAe 71F HHe gAZ B3 REIANE Aol st
A FH WHAME 7gte] FAHAN EF S FU 29 vhgo] BA @
old YIS e un Aty F FEAQAM ER nlito] Yoju} WA
TS B WMEE AX dES AYsA doh $8 Yt Yehd ZAEAe
T2 U 1~3Y A= ALY F G2P RZA A7) o)A m7|gtony 2
HE Gl M Bgg n7igte 9 AWy Ban ok 5, 1993),

Table 5= BAPL @tko] #4450 & mo] 7|Y4AES Yebd Hoz i
o A AdAME SBANE TG At B w2 1 FAME
BFEAYE FAE A9 dFEolt. 28 AZeAHE 30~50 knots®]
W-NW3o] &0 53] 500 mbaolA Wal(cold core)®] dFatrt FEaisdr). o
A ZIAIZE ZFoiA A o wMAX M Fall BASAE FubEo) A=
A AL BEEA gy Ao Bustn vhE, 1990; o 9 &, 1995).
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A A19DE 1990\ 49l LAE FAke] A AAN Fdel mrigtuyol
A BAE dAste] dale galE AX 3 239 FEXYoe EadA &
de Aoz AAG v Yok o)A F Lol W Al ZA 19939 49 239 ~249
BTN BEF FA F9 wQAAI nuaet GER BEAE Azx o)
Aom, Zsalol Bad AV FAHAM SF3 g4 2Astd FEAst
FAZIFE B @NEE fU8 Roe2A AL 2"E 2496l 500 hPa,
700 hPa, 850 hPa #371FE W HZQ Bt el 31 SZoA 495
BERA 7]1&0] 5~6% 3AEHAL, o o HAFo] BYY Ao ¥HAEHIHA
s, 1994; o] 9} ¥, 1995).

Table 5. Number of days with the pattern of pressure system when
yellow sand was transported

Month

Pressure feature Total Ratio
Feb. Mar. Apr. May

Low passed over the
Manchuria(with cold front) 1 4 9 7 21 80.8

Low passed over the Korean

peninsula(with cold front) B ! 1 1 3 115
Trough(the edge of high) - - 1 1 2 7.7
Total 1 5 11 9 26 100

HA 208 ¢ FREAMN FAALe) BEHA G sHol® FAY A7)
£ ANRY gARAA AN E GAE WA BAgstg o AdolA AF
TE IUAE RFA Rt FutmelME gAEAO] AT HuEAdr(o
¢t ¥, 1995). Tanaka F(1983)% A7I4el &Fo] watd HFAEAo] Y&y
T UEUA] golx T3 FReME #2ddn 3ug v ok

Figure 1& £4712 3 A7 #39 2699 ARA7IEE A2 e
W oZloltt 03UTC 39 AuZo 918 Ad A7t FA %7 09UTCA =
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Fig. 1. The surface level maps when yellow sand was transported on 26

March 2000 : a) 03UTC b) 09UTC c¢) 18UTC d) 21UTC.
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Fig. 2. The surface and upper level maps when yellow sand was transported
on 12UTC 26 March 2000 : a) surface b) 500hpa c¢) 700hpa d) 850hpa.
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BlALSEE 28 AXA MA3 GEe JQom 18UTCS 21UTCAl = o] %
THsld Rt R IZow HZan rt Fig 25 269 12UTCe 874
TZ& A4, 500 hpa, 700 hpa, 850 hpa® ol tha] 2tz Jeld Roz #7]gto)
FWE HFo] FHE FI 472 FHE AYD o AZoAE B4
TALY wpgol BEx Qo o9t e FHAFRE FFo AL £ Yz
TEHI FL 2o FRYN ABEHE 4 FoM BT ALl A
Hal olg FrE = 3 uviE o] A AN FAAA LAHES FAle] LA
M ERAJAE HA FEANL, MF WA EMF vigo] FZozREH &
2l Udg SALE §YA7IA Ao

to |

H

3. #8229 HE

Ad = A d S8R ginNF dAY 24l Fo odYS ¢In
359 79 =E Aldssd HEHolH $ov(Cooper ¢ Watson, 1980;
Hopke, 1985) 242 dat oA di7]12 g2 e] PMIOS] W N2 3
7N1EE AAsed ol & 5ol gt}

TEELLE FEAHA g Fo)P 25 B2, 85y YRE FALD
AEstd FEAHA dF 2Fdd AFAA VxS FHsE WPoz 27
TEEE HEe YALEA(TSP, PMIO)C 2H & FAoUY, 2 E o
2] &ot2 #d s 7FA A& (visibility impairment)E 3, SAHE2A 9 F9
H7E2Q VOC(volatile organic compound), A M A ooj2 & Zo HE
H o]z i 2t (Hopke, 1991).

T8&2dL A 7% A (microscopic), & & 3 (physical), 3}3t3 (chemical)®

oz ERdd
B4 ML 4xa7], dE, A2 5o 548 2AE dAE #esr] 9
3 LQ_E] AbgHolA & WA oz 382 u A (optical method), SEM(scanning
electron microscopic)® SEM-XRF(X-ray fluorescence)®2lo] o 7)o 2%t}

o
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B BN A N2 FATZE 5 B8 AL o83 Yoz Uzt
717t Ha 1~2 mold =ojok s, Aoz we ALY e Ags
EHE F$ vAAAHoIt a0 ula) SEMHAL oS &e =79 gz = ]
mol e} QiAo WM e EAo] sbgsirie FHe] AT MAF AL HE
o E7bsstry. 28y, SEM-XRFE At37], AR, 3} HHRS 24
g 7 doe Y Wi gF T BAyor $89 AL =AY @y A
T3 B vl go] E7] B Ago]l AFHAT UE AEjolo},

223 Wyols AR AL A(crystalline component)?] o] T2 AL H=
XA #dY(X-ray diffraction method)® A2 44 (long range transport)3}
Bdd d7] Aty F& AYsted AHRHAA T e AE N (trajectory
analysis)¥ 18]3 Z} $82do] 1A Yt GHE BoE7) 98 g MY
TEEEY 7Y Te ¥ARdY SIS Mz EFANA Hes: gy
(hybrid modeD°l 2t} XRD #Ho Z$¢ AARAE 7 Yoo hs) 2429
AFE T 5 UAve FHe) don, f7180y AU g mAYA U=}
o A& FFo] Brlsdtts ¢d dEd F2 2 g 299 NA%
B7ke A& dE AHEET Qg aglm, AERAYS AA $40 BAY
lAdAe] 298 B&HoR F4Y £ gloyd B 2d e g o5 A
AE B7bsat. EdRdY A9E BArnds $£evdo) ¢de wesld 2
e FHEA A LA ZAgato) B By Yut.

olMY AAAH W 2 Wy A9 DAL el Qe FAolY =,
24, Bd Tl % Yt FEE A& 5 Yo WINLIEAS Hotar}
golst} 7] BAAREY EFYEANN & ZAHze RAUTE wAYE 5
e dHol Ut

333 W oz FEASY(enrichment factor analysis), AAIE A
(time series analysis), 3AY ¥4 (spatial series analysis), Th# & w3}
A FrAY Fo) don, 2 FoNE thdad BN ssta sz Yo 7}
F ¢t HriHe] F2 o) &Ho] A: g P B giaxY o
ol A ARFRI FEA ZG FLAE ZHAHNA HHI A5E v}
oz gty dud 52 WSS FAHCE EN3ld 23E BaAx
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Sl 9% v £ gle $AUES YHHo2 Hot & 4 gou}, e U9
F4A48E Waz on 2dUs] JPe wozel F2s B 4 Ake vl
Ath WA, CMBREE daxde 2aad SEARs 245 $49% 249
Ahe 22l sheta] 2H4RM7E Sephselor Brie Alrio) Yo, A
Aol 2Aste] YY) 2P JAEE VHY + 2ov odY Tz
dolt Wrld 2AAR7 o YUstn FAHoE Huse YesE uy 3
A% 7l g Wgol Ase) Wk

4. OB 2%

CMB®H & 1972:d Miller 5o o8] 4701 94 2 4749 LEYES M2 A
dEo] x71d= 8894+ Y(CEB ; chemical element balance)o]gt £a)g
ou, A4 9 edUe £a FUHEAM getAR SN Yo AHEY. o
S 19799 Watsonoll 9j3] ol&X oz AANHAEAM wr]o gt 2 ujE
= 27 ARG on, Ad 27REH US. EPAd o8 1&3s A7 AMs ol
AHEE] 231}

4-1. CMBR2 4] H¢g

CMBEHE F8AHNA FHY JEER 28 2 299 729 3t
20t FZFFAS dFRE YL B fdoz F MYwPye Z=
Aoltt.

T pHel eddo] EAst, CALYLAN FEANPNR] EgatE FAo
A A AA, a7t B4 4awgol QiU g £ PAH 24
F LEEAME BT Z o FdYol g JAR(S) dozA A1) gl
F 8" (Thurston ¥ Lioy, 1987).
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M= = S,’ (])
PRRZAIR o 2E HE i U BT CE ©e go] FAPL
Ci= ,2:1 a ft'i Si (2)

A7IM i LHRAN | RS R ) 2999 FFEET ok 29K
F FEAA ApeldlA i e g otk AAZ e dHHY e@Yozny
A 2AEHRY FEL Bibsav 2dA j= B4 2999 oW 2iz 2
o AEEE(ey)e LAN FH, A, Ao W gEn AUy +4
A o2 FEHE AYAM odE8FYR &4 £e 229 FRE MY
o},

299 BN H©2)& #8317 A R Ax: #Fe 447 =
=AW el A ay=l.0012 3 AR ARHo R FEAH@lAN | RS
P jedd VRS ARE e g, an mdAe 43)H o] x@YLY

C,’= Z' a g S,(l=],2 .......... n) (3)

HBANA aj= ayfiolth. A (2)9} (3)9] A= nol gt dYgdAFA o nzp
d A, F UAETE BHAY FRT AAY 28 o 43)e $LAHAN A
2HER WE p 2¥Y JIdEE £ 4 AY (Henry, 1984; Thurston =
Lioy, 1987).

4-2. CMB9Y] 3

CMBA & Z7] 9is) AL sgoat otehs 67hx wgo] gich
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D @9 23F & 2= 332 s Y (trace solution)

2) Y Z2 339 sY(linear programming solution)

3) 7te ¥ HAAEH(OWLS ; ordinary weighted least squares solution)

4) %37 7t¥ #HA Y (ridge regression weighted least squares
solution)

5 FEAEA H2ASHEVWLS ; effective variance weighted least

squares solution)

I o 7hEHY H2rx$Ye] A4S CMBRAY 7Aoo wzx g B =
B Ao dis 7Y HHY HE FES glon, nE g 31383
Ao i H8" £ AR, LHY VA Eo U BHRAYS F3g + Ao
= 2UAL FH WE 2R syoly MY Zzagw sywg o F2
ME Tete ot HIZo 2y HAY MU CMBTH 89 HLd %
Aol e FARY HaAsHor AENEY HAREW(A 4)0) 34 L
Aodm e 7tEA(oc)g Ao g 24X AP i Hola e =
B ol FEFS 9 nALE Jo vE FEEN JrAsye 4 5 #H A3}
Ale Adzd e olgstd 2 8 TIE oz o= oA T34 &l 9
Ao fiSNE nstd 1 s YHEE 1A}

(Ci— 3 £4 S 9'

=3 7 (@)

x = (5)
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4-3. CMBE 429 7}3

Edo /pge @Fe 4P vXE RE MSLE ZRHoZ OE 4 gl
Weo] 2 WyERte] 45 Bl FEE gotsl AAd@ge] AME T
el olFol Aot a2y 2l A #AY F R A WHEE 2doy A9
Hel A+ glon gz wde Fo] Ao glold B JIHE sE A
ADE G § 2olg Fuddh mepy 2d Axel A Alo]g] xjo]E Fol
7) flsl 2] sfgo] Wasdte AFARA FAflol BAHH 3 jlew CMBR
42 FYstr] AfME S 2e HHo] Aol do)

D 2gY FHLRHE 2ddozRy F8XHd Egdte £F ¥goly
23 9 AR E Holx g

2) 33 Fankge gl

3) +#&A H(receptor)ell 71d3t= BE FAZQ odYe #A shssid,
ol MF LFY T wo} sp ol Frt

4) 2FYY F Z2 24YTY FE g8F Fut IFAY Polo} Fr},

5 299 Zaade M2 ANy SgHolr},

6) 54 ERAN L TN, A2 SYHo|n, ARREE e

A 71z Ze e tAdE 4e HE2 ol v W olg}
2e 713 & gotstes Aol 433 Fasioh

7t DE LE9AM MEE JEEC) £E8AH LEE FY o AYo
Y A 5o A3t glojol doke Aot aey A8 FF/, £3dxdd w
BN 2L 2d Yol s Al met o= FE Aol Hol: RS Ao §A
o ez odd PRGN 8 9 dE A HAYUHA g% G @
A FEFEE FHLE] A HEE AYddE AL duEd FAYE &
e 29 Zeade PG RE ARE Alol9 wWaE CMBARS} vz
€ B3 HrF A7 vl o3 W ¢ @Y T2y RE FHAHEES Ao
o Ho|(biases)oll o3 LAYHE ol ex= a1 W9 Ao Hulsn,
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24dY 7ZIdel dF xte FAAES FUHAHoERAM #AAAH F Y49
(Henry, 1984).

7tAR 22 drlEs B3 XS] Mo 2E9Yd FAAAENY XN g
golth. BE&Y & d2e WEEHo] FEAFAM EHH7] Mol ot g}
27t BAgoez NEEE 5 F Utk ¢ opFATEAY FAtFe] mde 14y
AEoZ AREHATIE 2Ed TR Bty oz jigo] Q& dde
#Erh dojd & Uk olo) oig AWML dd FHAHECE F F(HA
7h2 + AN E 2o Algste Wie] dom, ol id B A7 U8
dol =95 U

7Hg 3)& FAIAR BHAA 2L HAMHoR EAse ZE LFYYES A
g3tn FAHo g motsfol & on gttt Watson(1979)0] 2 ¥ #&
FAFNEA HihzFgHOZ A RYPAEE 7P A7 vto] o3tdE Y
Yol & HAYtE FE 299 F sEFol A AMJEHHE 7]
Ax Aol Ao FFE v AA gon, Y] F£7 HAHNEHIL FHE L
dLe F FEFo] G EAMN EFEGE FEHE LFAFH RFAR 4AE
e 2499 i #go] Adiystdda

7t 49 5 FANE 324 S Hole LFUES Y Lgdder £
ottt RS Yetdth ol EdaHY AFE HEed FAE x4 E
Bolg @Y ZaRUdEsd A5 FAMHLE QA AF sted EdA%E @
S F §7] dEolth fFAIS SRS Holv 29Y ZEHUES ¥Y Am
2 3dHE Aeoe LG9/ E e S5 @02 YEUY, ojn egd *
2ol AHel Y3 Rt o] F o F& A HA 71AZ o HI
Lig=g

74 6)oll s A7 Aes A9 ok AA L9924 driskd A
LAREE AY & F glon FAEIRY FAFEEE EdE AMAR
T geA slon AFEEY FEL FFE ARTF LAY, dFHAEES
oy 4 @ LA FEo 20 %ol AL exe HAA EXAN FL
A ¥Ag, 2 eiae F/3dioh
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4-4. CMBR2 49| otx A 7}

CMB 822 th7|edEd sstAFFAE 7122 st nmAED YR
o F3A9 AR 27t Hart g wA HHe 299 €L 95 1
AERe sty PR dF AR ZAE T Zdolth(Vega 5
1997). webA, =82 MM FEARE o835 CMBEAS S8 3R ¥
A AR2ZH 2AUZIGF(SCE), L9971 Fe] B2AUX}, 2d S0 A2
g 33F vt JdEidd. A4 2dd o8 A2 38E 527 2 A
Aol HAEA, MiEEr SHol & HALAE Hrlsly] I EANZN %
Mass, R-Square, Chi-Square 3ol 37 A& €t aelxm, e e A7 Y
3 & AAHA ke dHolgE #a=d £2E £ U/S Clusters, Ratio C/M,
Ratio R/U So| Yeysd 2dAze] ¢ty oRE #dd 4 g ¥Ho:
Table 60l A A&},

SCE®] #H7t= CMBRE 7H4 38% ZAFolth o] 7ldZe e 29
AFF T F2of got

R-Square #& A 33tFo] digt 29} AMNANE HPYIAARLN L 58
A& = 3len o] go] 100 THYFE mdo] 24 38E FLE F MY
¢ Aoz Bn, 08RG FHow wddasd B s Aoz iy

Chi-Square’t YellE #S 299 Z2adojy gi7|d EH AR 3
Eol e ERAH S AFE Aol W o] ge WAl Fgolojof 3}
109 A28, HH] AHAE 9udiy, 408t 2 gL mdo] g3
ZR3e=EA8E AdEZ Mgsx Rz Yee ou$t.  Chi-Square:
R-Squares} & #A7F )low A2 Chi-Squared] AMFo] A3 & Y
Ehd o) R-Square®] A|F& 1.091 2HsA ot

% Masst Zdo o3 Atd setFere & )2 2 o
s el Roz o] ghe 1009 HI ok 3k, 20 %S 7k A A
e 2do] AZFE Aax & o PYrig Ao Yrigd

DF= A4 E 88F9 FolA 2999 8 A§ goz ojgto] 18T} 2o
A 2do] FAge] AR R AL on o)
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Table 6. Stability evaluation of model results

Display Description
SCE(Source * The estimate, in ug/m' of each source or source
Contribution category’s contribution to the fitted ambient data.
Estimates) * SCE>0 .
*Used to measure the variance in the ambient
species concentrations which is explained by the
R-Square . .
calculated species concentrations.
*R®:08~1.0
* Similar to R-SQUARE except that it also considers
the uncertainties of the calculated species
Chi-Square concentrations. A high CHI-SQUARE suggests that

the model has not explained the species data well.
« 22:00~40

Percent Mass

*Used to track the % of ambient mass (in the size
fraction being analyzed) explained by the sum of the
SCE'’s.

* % MASS @ 80 %~120 %(100 %120 %)

DF(Degrees of

* Number of species in fit minus number of sources in
fit.

Freedom) « DF>5
¢ The simple ratio of CALC/MEAS and the uncertainty
) of the ratio. Used to identify species that are
/M Ratio over/under accounted for by the model.
* Ratio C/M : 0.5~2.0
* The signed difference CALC-MEAS divided by the
Ratio R/U uncertainty of that difference.

* Ratio R/U < |20 |

U/S Clusters

* Summary of singular value decomposition analysis. It
shows clusters of source which the model cannot
easily distinguish between and that are likely to be
interfering with the model’s ability to provide a good
set of SCE's.

+ U/S Clusters : No clusters.

Protocol for applying and validating the CMB model, EPA, 1987
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C/M Ratioc EdA X9} 429 vg2 o] gto] 1o 771242 mdAn
7F g v @

Ratio R/Ux 8t3tgol tigt RadAMx 9 2 xAbo)9 b9k 7 @ato) o
& EqdAgdae] Hlelth o] gol Wiy Fuigto] L4542 mdo] 1 FHRES
Z EEH F3 ASE guistsl, R/URCl |2 BY 3w Myt A9s ags
RS v g}

U/S(Uncertainty/Similarity) Clusters 249U Z23UE Alo]e] 2 ubd A}
B2 A8l Ze Jile Zeadse] £ BPAgoz s WA
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1. AlRQ A%

AT PMI09 2 9dE FH87] A ANEHHNHE Fig. 3914 BE u}
Shzo] AFA AYF(HH 33 31" §H126 °32° )l HAE AFAw)AA
(Site M)# A|FA] ofetE A Fhsta(Site U)Z MASQAL} Site M AW FA
7l AAGE Ao BZ 300 m MY vtk Fa 1on, Site U &
300 mQl FAL ANEAM HFoll A HtANA 7 kmoly} HojA glon, F
Hol 4goz E84d e AHolth

AE AHE 19999 12958 20000 8Y 74 93le] WA o]FojHon uj3
ARER7IFE 12~2082 A& TP OD RN ANBHHZ
& Table 7o Yeb) e}

2 Aol AH8E mAdAe EYZAE AARAEYI)(S stage non
viable cascade impactor)Z ##2 1 ft/mo] S#AHEE sgon o= A
80 mm , Pore size 1.0 /m<%! Membrane filteE A}8384th zZ+ 2P0 A3
¥ X3 AAe PVCHE olg3ld] A AZAd Eo) 50 cm, & 30 cm, W] 20
cm®] shelterdtell dzste] 79y FIZRE 71719 REe &4 WY
oo oeA 23429 Al F4(streamlines) & Wt 32E nAYrtSo] 7
@ BRo FEE 2 A o WO RAFo XAHT, nAAAE B4
o o) ME £E2 UF GHUOR o)Fs: Ao YT fYFROT F)E
st 7] Fo AAEL A7IEE 74 9o R TAHEH, £87)9 0
@2 71984 270l 9.0~10 m, 19E 58~90 m, 29& 47~58 (m, 3G
33~47 ym, 42 21~33 m, 594 1.1~21 m, 692 065~1.1 m, 74 04
3~065 m¥He Z71E& 712 Y7 XY HY, vl @2l backup filterdl] =
0.43 molste] m Al 47 A}
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Table 7. Sampling condition

Sampling Sample Sampling Wind Wind Yellow sand
site No. Period direction speed(m/s) days
M1 12/09/99-12/23/99 N 4.57 -
M2 01/19/00-02/02/00 N 6.12 -
M3 02/02/00-02/16/00 NNW 5.11 -
_ M4 03/17/00-03/31/00 NW 494 23, 24, 26, 27, 28, 29
SteM s 04/03/00-04/17/00 WNW 3.99 7,8, 10
M6  04/17/00-04/29/00 WNW 4.10 21, 26, 27
M7 06/09/00-06/29/00 w 2.50 -
M8  07/07/00-07/29/00 ENE 3.23 -
M9  08/11/00-08/24/00 S 2.30 -
Ul 12/09/99-12/23/99 N 4.57 -

6.12 -

Z

U2 01/19/00-02/02/00
u3 02/02/00-02/16/00 NNW 5.11 -

. U4 03/17/00-03/31/00 NW 494 23, 24, 26, 27, 28, 29
Site U. U5 04/03/00-04/17/00 WNW 3.99 7, 8, 10
U6 04/17/00-04/29/00 WNW 4.10 21, 26, 27
U7 06/09/00-06/29/00 W 2.50 -
U8  07/07/00-07/29/00 ENE 3.23 -
U9  08/11/00-08/24/00 S 2.30 -
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2. AlRo| TAM2| W BEMYY

EHE AEE FA g8 dAAolHd ¥ gRstd ARAH A - Fo
FAE FAHsd EAFE FHAL, 4 ddE ¥PY BAe Fr)dety
21 me 71302 3t 21 moldte] Yz w A AH(fine particle) 2, 2.1 /m B
4 2 4A< ZdYAHcoarse particle) 2 FR3AT 7zt Gz ¥HAY A=
FFte] FAE FAS F 22 Fo dvE AF AR 2N 98 Z oF
S 122 Adstd & FREE E484 AR BEYd UnAE £44 AR BN
o] &3t ot.

Figure 4= 2} &%59 4o gad A5 Az AL Jegd Ho
T8 ol2AHEY AN MNEGAE LA HEEE 50w 2&4 2§
7beta 6A17F Ft NG £2HE Pore size 0.45 im membrane filter2
¥ olg 784 H4E EME NE8EZ olg3tdrt nIhAo EML A%
MY e o AAE Fehagd Y A4 15 M 111 G 70 mE v
il FFYA7IE FiAstd 15420 Bt F£84dA F8% ¥ membrane
filter2 o4& AE F o] B & NEZ o] &3y

Zt ¥ 5L Table 8o UEtd Wgoz 242 gaigon B4 Jre 43
AHe F2 LFYAM MEEE JER CMBEES $8A AP S a3l
T84 9 BE, vFdA 2170 YRoE F 30/ AREL MAFHYoW, o=
EPA source profilesellX 2" AEF AR Go] 09 AR Fa3ix ¥

AEe AAG Aoz Y77 HEWA T8 mste] HAYsAT.

RO

qu  mu
2L
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Dirty filter paper

Cutting

[

Add distilled water(50 m{)

l

Shaker(6hr)

l

Filteration
(Membrane filter, ® =0.45m)

l

I-C

Anions Cations

A-A U-V
NH4'

|

Add mixing solution
(1:1 HCI70m¢/HNO3 15m¢)

[

Refluxing(1.5hr)

l

Filteration
(Membrane filter, ® =0.45¢m)

l

ICP
Elements

Fig 4. Preparation procedure for water soluble ions and elements.

Table 8. Analytical method used this study

Species Analytical method Model name
Na, Mg, Si, S, Ca, Ti, V .
! et > 7 " [Inductively Coupled Plas
Mn, Fe, Cu, Zn, Cd, Ba, Pb, | Ve “oupled Hasma A dil:i‘:’ .
Hg, Al, K, Ni, Mo, P, Sr (ICP) ag
, UV/VIS Spectrophot
NH, /v pectrophotometry UV 8452
(Indophenol Blue Method)
Cl SO¢ NO: F Ion Chromatography DIONEX
POV T (IC) DX500
. C . Atomic Absorption
Ca®, Na', K', Mg’ m P AA-6701F
Spectrophotometry(AAS)
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V. 23 9 nz

1. PMI0Q| 5%

PMI0 A &9 4L 1999¢ 12€9 ¥ 2000d 8Y ALololl A F =) 7] 43
(Site M) A 5 o) 8} 1 (Site U)ol A} o] 2o Roew, &4 A E Table 99 Y
Bt i},

Site MM £A717F F<te PMIOSE MYt 1960~73.43 pg/moln
@2 3875 pg/m'(S.D.=21.17)0. 2 UYER 31, Site UdlA 5% 9 1340 ~
7110 pg/me] WHE HT 3682 ug/m(SD.=2165)02 F xHPo] Nz n &
 FEEEE YA ol AFAAY gr1ed AEEHYLA AZA o
=T AN 2 A¥H M@ JN0d 2HE HF PMIOSE 311 4
/mt, 37.06 pg/m'H Ml%F FAZ S Yt AYF Y BA ) F0) 80 um
/ml A Hms Ba AFAGe] ghrde] HHFL ¢ & Yh(@AR
2000). ol @ AAEL MEAY 837 ug/m, LAY 1111 we/m (A & 7,
2000), 3712 €AA A 1113 pg/m' (A 3 7 5, 1996) S vas] 2 o
E HY 2L Fxolt,

FA71 F SAZE AT 9L 129010 oH, FAA TygLe zz By
AN MEXMFo] $HsAoH, T£& 31~87 m/s2 HZH 7§ vdol
AT FAA Site MM HF PMIOSS& 66.19 pg/m 2, Site UslA
6361 pg/m' o2 Yettow ol HAA Site Mo] 2503 ug/m’, Site U7}
2342 pg/m'A ol s Z+zt 2689 270 O E & Aol o)k olxE
A dred AFSHAYAM ST AT FAA I A u
Zb 16k L7 o =m, MEA G FAA 24 PMIOEES HA
Aloll Wlsf 2480 o Eom(F %, 1999), Zsxde A 184 © =i
Yehd A3 v 3PS BYoh(F 5, 1998).
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Table 9. Variation of PM10 concentrations

Sites Sampling period Item PM10 Fine Coarse
59.69 20.60 39.10
) Range ~ ~ ~
Yellow sand period 73.43 24.72 48.86
Mean 66.19 23.30 42.90
. S.D. 6.90 2.34 5.22
M.
Site 1960 9.74 853
Range ~ ~ ~
30.69 19.56 14.41
Normal period
Mean 25.03 14.64 10.39
S.D. 4.50 3.34 2.21
50.77 22.20 28.57
Range ~ ~ ~
71.10 26.87 4452
Yellow sand period
Mean 63.61 24.51 39.10
. S.D. 11.17 2.34 9.13
Site U. 13.40 7.37 567
Range £ ~ ~
32.35 23.74 8.63
Normal period
Mean 23.42 16.12 7.30
S.D. 7.36 6.54 1.25

S.D. : Standard deviation

Figure 5% 62 2t 23X H A PMIOEE MEEHL 2802 Yeu
°|th. Site Mol A ol MYzt FEWALE 9.74~2472 pg/m o2, ZUh¢) Ao
TEW= 853~4886 wg/me 2 eI on Site UdA mAYAe S5
e 737~2687 pg/mo 2, ZhYAY BT E 567~4452 pg/mo. 2 1}
BY F Ad 2F oAdAEgE 2o 55 M5 Zo & Moz
HER S 4713 F A 24 A7) 48, 53], 6312 Site Mo A $
M4, M5, M6 2211 Site U9 7%+ U4, U5 UbBol HAIA]l AHF A& o)
B, 2N BE vt o] FAAolE PMI0E T o A YRts e
B &L Site Mo] 350 %, Site U7} 385 %2 ZdUA7t oAdxt ®oh
PMI10 il 2=]ate H&o] £ RAo2 Yeldo, ud PAA G E Site
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Sample No.

Fig. 5. PM10 concentrations at Site M.
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Fig. 6. PM10 concentrations at Site U.
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Me] 580 %, Site U7t 689 %2 ety mAdzt7t Zhy=t ¥k PM10o)
el A= vl o ¥ Aoz Jedoh gAY A zd A
EGd dAdo2N JAZBEE} F2 1~3 mol 4o 2T &5
o2 g glen(dl F, 1992), A 5(1999)0] M&n ¢ dHzoA
S8 ooj2F9 F(number) X W FAZI F oojzz:e 4
B 110 mE AN A3 Frtely B3], YA 277 2~6 mo
Aol AFE Aoz Yehyr

of of

2. PM109| 3I8}% mAjmA

o 24

o~

2-1. #8744 ol &4

PMI0 Alg9 +84 o]2A4H ¥ & FE golhy] 98 F844 Lol
4¥ SO, NOs, ClI, F 3 %Fo]l24 % NH,, Na', K', Ca®, Mg* & Zz BN
a4l

Figure 73 8& 7} ZAA MM 84 HEo ZAHE vAYAY 20 q
AAEE TR YEbR Zolt), Site MollA PMI10o] W§ ol HEo A
< AWREY vAYAe F$ NH> Na'> K'> Ca¥> Mg>9] &2 YJeiygo
o, ZddAe] F4E Na'> Ca®> NHi'> Mg™> K'9) ¢o2 Yehy n4gxa
AME NH 7 3 584 A% 2 60 %S A& 714 =& 2488 8go
o, ZHYAA M= Na'7l 51 %2 & 24 & Uety,

o1& AEY 248 d4HEd uHYte] A$ SO > NOs> Cl> F 9
o2 yehgon, zdigJate] Z$& Cl1> NO; > SO > F 9 02 Ugy
Bl AQIzE FellM SO, o) =AHZ} 68 %2 7HE ®A delhdon zuizte

$E Clo] 41 %, NOs 7} 38 %2 =& 2A4uE 2y,

Site Ul PMI10o thdt do]& ZAHS HuHEW nyYxte] H<$ NH, >
Na> K'> Ca®> Mg®'9 ¢£o2 vegon zuate] %$E Na'> NH.>

H
o
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Ca2+
25%

51%

Coarse

38%

Coarse

Fig. 7. Composition of water soluble ions in PM10 at Site M.
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Fig. 8. Composition of water soluble ions in PM10 at Site U.
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Ca"> K'> Mg’sl €22 ueh}, mAQael M NH, o H]go] 63 %2 713
A JEwon, 2R E Na'7l 36 %2 7 =ta NHe7F 29 %,
Ca”7} 24 %02 YEhygu),

w0l AR 2AHE AHBH vAYRE SOL> NOs> Cl > F o] Foln,
ZHAA= NOs > Cl1 > SO > F 9o 02 ey, nadzte 3= 502 7+
73 %%, YA F9E NOs 7t 48 %R Cl o] 26%, SOL 7 25 %2 =2
AU E B,

SO ¢ NHi 4% vligdedo]q £& $E8 Hol= AL olals NRe
-2 NHiNOs (NH4:S0; 59 e 28 71540 a9, olg UYate A
TE FE 2 moldte] vlHAde] &8y fEQ Hoz Azt agx Cl,
NO3, Na'9] d&e] ZUFAoH £& SEE Mol HE o= Ao gAz
NaCl, NaNO; 59 2 EAF 71540 20 o5 dae] AL iz zd
B £37) HEQJA Re 2 ARUHChow E, 1996).

Table 10& A =84 ¥ sxo £ +84 YRS U 2 &8
8 e 24uE Yetd Zolth Site MolA PMIOS) tat 584 Sole A
£E SO > NO3> Cl> F o £02 Uehgon oo]@ AHXE Na >NH, >
Ca” > K'> Mg”¢| o2 uelgu o2 ma st ZUdAdz 4
S A N S84 FolR HEL SOL 7} 316 ug/m(4280 %) 0.2, Gole A
22 NHa7b 114 pg/m'(1539 %)2 7H¢ £ $58 B whd, 2o Yo A
o1& AR Clol 1.22 pg/m(24 %), %1€ Na'7} 089 ug/m(17.73 %) 2
7V wA debgo

Site U] 3% PMI109] ¥ $84 S0l RS SOZ> NO;> Cl > F ¢
ToZ Yegon, ol YRS Ca¥ > NH > Na'> K'> Mg?9] €02 u
Bbth ol & mlAdale zoiabd e AWEw ngg)ate] Ao TEY AR
SO 7t 363 ue/m'(47.29 %), %ol & AR NHe7b 1.00 ue/m(13.06 %)0.2 7}
T oEA dEhd 99, 2dgAtdE ol A NOs7b 128 ue/m(27.23
%)0.2 Fol&e FeE Ca’7t 083 wg/m(17.66 %) 2 7} %A el
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Table 10. Content of water soluble ions for PM10 during yellow sand
period in Cheju area

(unit @ pg/m’)

Water soluble anions Water soluble cations
ftem F'CI' NOy SO& K Ca® Na° Mg” NH,
PMI0 Conc. 0041 1709 2597 3887 0.327 1.099 1378 0.195 1.227

wt(%) 033 1372 2084 3120 263 882 1106 157 985

Site M Conc. 0000 0492 1442 3162 0284 0322 0478 0.070 1.137
Fine wt(%) 000 665 1952 4280 384 436 648 095 1539

‘ Conc. 0041 1217 1155 0725 0.044 0777 0899 0125 0.090

Coarse wt(%) 080 2400 2277 1430 086 1531 1773 246 1.77

Conc. 0.041 1149 2780 4453 0.416 1203 1.040 0171 1.116

wt(%) 033 929 2248 3600 336 973 840 138 902

Site U Conc. 0000 0368 1501 3629 0382 0.374 0351 0.066 1002
wit(%) 000 480 1956 4729 497 48 458 086 13.06

Conc. 0041 0.781 1278 0824 0.034 0.829 0688 0.105 0.114

Coarse
wt(%) 086 1663 2723 1755 073 1766 1466 242 243

PM10

Table 112 B39 +84 HEo $=o} F £84 HYRo| ot 2+ +84
A& 24HE Yebd Aot § XY B% PMI0o] t§ TG Lol =z
4€ S0 > NOs > CI>F 9 £02 o] ARE NH/> Na'> K'> Ca® >
Mg®el o= vehy nagatel 39 % AW =% C1, NOs, K, Ca”, Na',
Mg” 80| Hatrlo] PAA nrh ze TEE BYon, I FANE Calygr
o Z7H&o°] 7t Eo} Site M} Site UdlA 24zt 55u) 9 439 o & Aoz
Yebdoh W SO, NHo AR $AA7 HAARY o ge Ao 2 Yebyt
o

ZHURS] B9 F AY BFE F, Cl, NOs, SO, Ca”, Na', Mg® 4 2o] &
ARAlel BAAl Bt 2o vwg wYon dA Ca¥AHRe] s 2 zilge
%o Site M3 Site Ul ztzh 7809t 708 o £& ¥%2 mol wm K,
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NH,' 4¥& ZAN7 JA4ARTG o Be ¥52 nyr

2 o] F(1993)0] Mg, ¥, T, FF 4] EA NN FAIA o] & Rahis
A T BEEN S84 HES Y vlo) 8w £84 4B Ao
A" ol2 ¥ Huswe HAFw Aol 2E YL 0 A
Aot BN AR B 5HovA FE o= 2 & uNew, ot

F,SO¢, Ca"4¥e 55 AN o %4 28991 wustdo

4 (1999)2 %A Cl, NOs, NHy' A% 7¢ #Wag Holx @gton
K', Na', Ca"4#& % v} o4 o]& BY:, Mg® SO HRL o 15u)
d EA Yelgtn shgo

Table 11. Content of water soluble ions for PMI10 during normal period
in Cheju area
(unit :  pg/m')
Water soluble anions Water soluble cations
F* CI' NO; SO K Ca¥ Na Mg¥ NH/
Conc. 0006 1389 2157 3923 0216 0.157 0.867 0.145 1.409

Item

PM10
wt(%) 006 1353 21.00 3820 211 153 844 141 1372

Site M __ Conc. 0000 0313 1151 3459 0.163 0.059 0348 0055 1218
" w0 000 462 1701 5113 241 087 514 081 1801

Conc. 0.006 1.077 1006 0464 0053 0099 0519 0.090 0.191

O e 017 072 2870 1325 ! 152 282 1480 257 546

Conc. 0.000 0486 1724 4064 0278 0.193 0675 0.100 1868

wi(%) 000 517 1837 4320 296 205 719 107 1990

Site U . Conc. 0.000 0.124 0960 373 0169 0.088 0237 0040 1302
wt(%) 000 186 1443 5613 254 132 356 060 1957

Conc. 0.000 0362 0764 0328 0.109 0.105 0.438 0061 0565

Coarse
wt(%) 0.00 1325 2797 1200 398 384 1604 222 20.70

PM10
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A S19DE AR Cl, SO Ca”, Mg 420 5 21~70 mEolA =
7tatdom F, NOs o $%& HA4AIs A4 B5 7o g2 §og Z}o]
s HEUA @it stgon, o 519l osd FAIFANA CI, NOs,
SO HEe AEREE 2UYA o P2 F, NH/ARS njAdate gz
[2a20 4=

M OE dutdon A Ro] 4L Foso Jon, AEAL
A S HA HEAA] g o] w o2 didd. 53 Bade
AL B AMEFE B 3 FowRy % gz $4d0jos w2
ADPEE FhHetA S22 7 PgPo) 2 Aoz dAE HAYY Qe
BZHoz 1Y Yart Uk ©)F ¥As7) Y Na'e AFHEOEZ 3
FAA S} BYAY £84 Z¥ol BE ¥ %A% (Enrichment factor; EF)E the
o] #(Davis, 1972; Chesselet 5, 1972; Nishikawa &, 1986, ©] &, 1995)q] <3
AArsta, 1 AxE Table 129 Yepg Qo).

re A
[e]

EF = (Ci/CNa' )Aerosol/(ci/CNa- )Seawaler (6)

HE)AM (C/CraIacrosa? (C/Cxadscawacr’® PAFE AT P42 4 zn)
°olaL, Cel Al i 2 cle AR Fxolth dwHoz 2} o)Ly Rd Y T
EF gho] 1o 7I7h 55 0 42 71de AR A7 2 onwo.
EF go] A x4 ¥o] me} 3to]g ®ol7) ffid Uuyor 3-5oste] Yis
e BT L 71UE RE RolmE I o)y e AYH WA 7
e oz E

Cl o 2% EF g@°l 029~1.1622 a2 18t 2& &g Holm ity o
S AdelA 71dE Clol 44283 HSO0L 4 HNOsH 3shirge Qo
HCIZ d859M Clo] 4% &49U¢ 7540 deg 9n . SO ¢ K’
o B vIAdRAME 22 26.22~62659% 1268~293502 UEhdn 2y
M= 297~475% 131~6702.2 Yehd F HE 2E gz s e
FFEY & 24 & grlFez rYden, 2UdAE 22 H9YR
o BHE frald Thedol e Ao vehyg
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Table 12. Seawater enrichment factor calculated for PM10 during yellow

sand period
(C/Cna+) Acrosol/(Ci/Cra+ )seawater
Species (Ci/Cna:)s Site M Site U
Fine Coarse Fine Coarse

Cl 1.80 0.57(0.50) 0.75(1.16) 0.58(0.29) 0.63(0.46)
SO4* 0.25 26.22(39.45)  320(355)  40.97(62.65) 4.75(2.97)
K’ 0.04 16.03(12.68) 1.31(2.77)  29.35(19.34) 1.35(6.70)
Ca” 0.04 17.73(4.43) 22.73(5.02)  28.02(9.77) 31.70(6.30)
Mg*' 0.12 1.23(1.32) 1.16(1.45) 1.56(1.40) 1.27(1.15)

() * Normal period

Ca" 4% & HAAE 1773~31.700.2 Lheput HE7)1de] dgos fae
7he/dol & whd, WA Aol = 443~9772 HE7I L v U e 5
Alell ol fel® Rog AT Mg@ARE 1.15~15602 UYEY gy
HE7l9og fald Hog HoAY,

2-2. M Fhdro 2HEAN

Table 13& 47125t v FAae) ZHEXE Jed Aot Site M3}
Site U 5 X H 25 EY7194 £ Si, Al Ca, Fe, K 3 #%7) 9 e
Na, Mg 2213 A97194 2 S7} ojggdie gune spxan g = A
22 YER vZddae FEEE FAA I PAA G b & 22~464 o
A JdEgem o FANE Six 31~484 Ale 82~10.79, Ca2 3.7~
7.2%, Fe® 42~92, K& 29~51u, Na& 1.3~218, Mgt 35~4.74] So]
15~47 2 AN o £ Roz Ygyg

°l 5(1993)9 oJsd FAA FEHEY FE= PAA O s 1.9¥] ~2.1
e =4 Z2FHAoH, vFdare BS FAA o P wo 22~46WA
= Y =A Yeen Ca Fe, Mn, Mg, K 59 E%7]9 4o mo TE
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Table 13. Average elements concentrations in PM10

(unit : ng/m')

Yellow sand period Nomal period
Elements Site M Site U Site M Site U
Fine Coarse Fine Coarse Fine Coarse Fine Coarse
Si 5196 1063.7 5524 11916 1260 2483 1604 2459
Al 2522 7530 3081 77717 234 807 420 948

Ca S8l.1 14458 6360 1449.7 1568 2176 1526 201.0
Fe 376.7 11885 4596 861.3 0.7 1710 566 934
K 3825 2547 4186 2618 1320 723 1457 513
Ti 6.8 279 7.6 25.0 6.2 1312 64 50.0
Cr 606 1632 672 1576 240 414 177 287
Na 4524 8905 4329 8198 2644 5257 3433 3903
Mg 161.7 320.8 1549 219.8 444 905 327 575
Pb 29.1 5.7 29.7 9.6 12.0 3.6 12.2 24
11.3 0.0 0.5 2.6 13 36 0.00 09
S 17432 5955 19724 7538 10689 1568 13160 1626
Zn 72.4 286 670 578 307 234 309 17.8
Ba 10.5 14.0 102 229 10.6 11.7 17.1 259

Mn 36.5 9.2 379 90.1 3.3 103 3.1 3.2
Cu 44 4.3 46 3.4 1.9 19 18 13
Sr 2.7 6.6 29 5.0 1.3 19 1.2 1.6
Co 0.0 0.0 0.0 0.0 0.9 0.8 0.7 0.7
Ni 1.1 1.7 12 2.2 2.3 3.3 0.9 4.7
Cd 0.6 0.00 0.6 0.1 0.2 0.0 0.1 0.0
Mo 243 57.6 254 599 5.0 9.8 42 6.2
P 28.8 49.7 300 2202 3.4 289 317 295
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g Edx gov, Ax (1992)% 2(1999)% 3AAlo| Fe, Al, Cad &
o]l BEANRY £ FEE Hd E A7 A4S A9E nay.

T VAR nFLA F MY 5L FEE M HEE ST PR FEE
Site M3} Site UellAl 22} 9044 ng/m’, 1267.3 ng/mo.2, o]= PM2.1 ¥%¢9
68 %, 76 %°l ATETE Ho| F=& I Agst vastd, gAA FAR
Aol TSP7IE L2 2367 ng/m' (M, 1992), PM2571F 02 HFA] 11358 ng/
m (7, 1998)0.2 AGEE uj$ Z Ao]§ Holx glon 9T QP9
PM2.5¢} ®listd Boston 1840 ng/m'(Thurston %, 1985), Santiago 2100 ng/m’
(Rojas &, 1989)2 & ZAHZAFNMY o ¥rt AF F& go] ofd H&
Ul Fojrol ALH EH77 B oW 2¥YY AL w1 YL Ay 4
A

Figure 99 102 zZt 3 A Holl Ao nFA4 FEREE AYAS} =0
dAE2 ded et AN F ¥ 2% ELsY 249 Si Al
Ca, Fe, K¥ #4719 €922 Na, Mg7l 9lAQa Bobe 2 aHZ o A
Hx¥e $58 Bolx v wkel, B SE A Y g YRS
of FAIYAS =AY FEFFO] H LT ROZ Hol FAA KHE
BEE EEol Edold siY7IY AEoln, ol HESL 2 Z2uU9
Aol HHE FYH ASE ¢ F+ U
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Fig. 9. Average concentrations of elements at Site M.
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Fig. 10. Average concentrations of elements at Site U.
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3. (MBR2YE® 0|28t PM102| @Y Eg

AFAY df71F PM10] didt 2t g FFA 7= E 4337 A8l
CMBRE 4 & ALg3ldt. 2do d¥xagzs 2 9Y3(source types), S F ¥
x 23 (source profiles), L FY+4A 3}38tF(chemical species), H71d FXA
% (ambient concentrations)& "R E v, ol YYHARE AHAF3d CMB
Programol| A &3d 299 7I9% F A X (source contribution estimates)?} 4t
A "o, old, o2 F AR H(statistics and diagnostics)7t 71 £} §A A
o] RdAA 9 A3 (good-of-fit) A HE HIIstA HH, ol& EUR o
e RdAR7 2hEE d7tA] d¥ARY £ A E HESA .

3-1. 29 dHAds AH

GAMA AFAYD th7]1F PMI0 7193tE Z 2999 NAEE FHE] 9
3 ¢ AFAG F2 2FYE AAVIY 299 AHVIY Lddoez B
F3ted zABIET 28z d7]1F had LdEAY dREE A Je
SO29 NOx 59 ¥zt L9EAY 4% NH,/ 3 2 MEEAn whgsie o)
FoAA FFolu ME T AL T JALIEAES Pt tr1F PMI0
< AsAl7le €99le] HEE NHiNO39t (NHe):S0.E °lat egddez A3 A
t}. Table 14 AFAY h7]F PMI0] 71d3tE 2 QLTS BEFdod 4
Bl Aot AAHA edd A9 BF FAERA 8] v F2 IS
X e AN WX gEeuiAbe, nuAbg BEX G EYS oo
z2 AR od, AFANFG AdH Ay 54 nAdd EGH fFe Z
Zt dAEAT AAAA 29U AS 8 wEIAY Fa AHE dRe dE
AbE3E Heotaly] s 1997d AFFAQRE TAZ 2499 FHE AIIA
FHEE ANE AR ARA2ANAE, FHAANAEE 29922 AR

At AFAG wEdae] A 4, 5F0] HREL A1 o] A8 ALE
Fol }E 2PEAH wEFo] A Aoz diaFH, AFAGY Y2 o F
45 2 HFe AXNY Aoz Hol: AFAE AlE A8 FFHA e oA
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Agaet 7tE™ AFAR BRstd AT adn ALE MY dwe 1
2ot FHAL 2Yye) Megdr BYdeE cddes HAsA

CMBE & o] &3t ZHA Y 7]ddtes 2 299 NAEE FH37] 9
AME Al e 2dY TRy FAY Yrd ggERae] A
4o ¢ T 29 Zafde YAAY 2d9 B4 2 zAguE
ZAstd 2 AT TR FE AYEL 2HE QYT wzEd 2 =
BAEHE AF3e T AT ZAE A8 sok @t AT MFA e B S
2HdY Zeade sftte] A ARG HAoln, B =FoM zt Gl g
LHY Z2dde EF ¥ FANRNE Y FHstn EYsride UFE B
< Az BHE 8FA €oh wEAd 74 o gde g ¥y ZziYse
U.S. EPA9 VOC/PM Speciate data systemol| A &3l A L3gon, Egi
gl g Zzado H9E 7Z4(1998)0] HFM 2R3n EME a9
EPAY Aa & =33td 74 Z20dg A3t FAld g T2

FE BAEEA 8 Y F2 JgE nxe Aoz g FAte w4y
AR erEvitat gt At aelu gEAYG] EGEY A58 FIHAY
AT4L =3I H Mukai $(1990)9] =Rl wased Mgt

¢H CMBEE 9 7140 oJ3td 71 3H 5= 29 Z29Ud e 743
I AE FHEEE T F8 FHFE A mdo) XA Hojo g YL
o, AR St RHE Bolvr 2dYl Z2UE Alojde 4% fFAMHS
2 3 AHAS 2dd3E A7 JE s gy HNYY e99Yy
LdY Z2HY o F8 slehF S Awugton] o]E Table 159 YEHY
At
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Table 14. List of source types is to be applied in Cheju area

Source Types Optional Comments Mnemonics
External Combustion - Coal Briquette | EXCOA
Oil Fired Power Plant - Heavy Oil OFPPH
External Combustion - Heavy Oil EXCOH
External Combustion - Light Oil EXCOL
Domestic Boiler - Kerosene DOBOK
Anthropogenic Municipal incinerator INCIN
sourees Diesel Vehicles DIESL
Gasoline Vehicles GASL
Cement Dust CDUST
Paved Road Dust ROAD
Agricultural Field Burning AGBUN
Field Burning FBURN
Secondary Ammonium Sulfate AMSUL
sources Ammonium Nitrate AMNIT
Marine Aerosol MARIN
Natural Soil Dust SOILD
sources
Yellow Sand YESD
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Table 15. Classified source by the important species

Mnemonics Species Size
EXCOA Al, Ca F', Cc”
OFPPH Al Si, S, Ca, V C
EXCOH S, Na F, C
EXCOL Al, Si, S, Ni C
DOBOK Fe, Ba, S F, C
INCIN Na, S, Cl, K, Zn, Pb F, C
DIESL S04, S, Si, Pb, Al C
GASL Pb C
CDUST Al, Si, Ca, Fe F, C
ROAD Al, Si, Ca, Fe C
AGBUN Cl, K, SO, F, C
FBURN Cl, K, Ca C
AMSUL SO4*, NO3 F, C
AMNIT NOs3 , NH4' F, C
MARIN Na, Mg, S, Cl, SO4° F, C
SOILD Al, Si, Ca, Fe F, C
YESD Si, Ca, Fe, K, Na, Mg F, C

* ! Fine particle (<2.1ym)
** : Coarse particle (2.1-10zm)
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3-2. PM109] 294 &3 A3

CMBEH & o] g3t AFAH t7]F PMI09 29¢ 7Id=E A7 9
a2 eddTol dF gy T2gd 17/ 53 ojs T2Hde FAEL
A 3070 eFol i £ FEAEE JdEAER I 170 L9LTH
3070 38FES EF AAFSFAE Aeole A 2dAAE AL F dyeH,
dAHA G HHFH AAE wEHoR Y5 AR 713 A ARE Yy
He LEYET 1370 50 g 7|d=E& 4& & 5 A

137 L 9¥9 T2 HAHYESD), AdedA BAH(EXCOA) FHA4L a7
(EXCH), ZAfd4 9d7]H(EXCL), £A12Z2(INCIN), AlHE®AX(CDUST),
7t&d 2AF2HGASL), A A5 AH(DIESL), ¥ &E 4 ZHAGBUN), E%(SOILD),
31 ¥ (MARIN), 349 (AMSUL), A4Y9(AMNIT)®) 1t} o] % YESDE BAHEA
o] UU™ A7l HL3H o, AGBUNY Z9-% E3dHol A71Hoz faAY
Y T FFAE ALZo] HINEA o]FoR = 3Y~4Yot H LA A
EXCOAE 7€3 713w weista 129 ~290) 2 A 8sidch

Table 16~19% CMBE D9 +8A%E mAYzst 2oidaEz vebd R
oln}, RdARNE FA%HoE g £ AYE R-Square(R?), Chi-Square( x?),
DF, C/M Ratiog #7 Yetuidd.

HFE9 49 EXCH, GASL, SOILDE dl#z2 &9 7|d4x=& JetWd, &9
7N E Holy ASv AHARZ 7dFo] 0d g HZE uhe EAY,
EXCH¢} EXCL 283 SOILD, YESD, CDUST 59 289 Z23dE Alol9
TAMd o2 13t olelgt AFAE HoZE o AMFALY Fe G HA
g odd Zagde AR Qsd 4IAE ¢ B A HEoz Q
# Y= gL 2oz v, £ o U 2dARE A7) ddME
AFAG A e 29Y 2259 F4 i A7 a7

Site Mol A vl d=te] 72 $-(Table 16) R*& 099~1.0, x*2 028~3.14, C/M
Ratio= 12~292 uvely R’e A$E wj$ dAHo|AY 1’3 C/M Ratio:
g4 bFEZe]l & Aoz ygErwt YESDY 7ld=7F 11.30~14.46 pg/m’,
DIESLY 719 % 221~1425 ug/mo2 ¥ A Yewon oz EXCLO] 0.1
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0~6.60 pg/m’, AMSUL7} 1.86~518 pg/m2 Yebwtth. Z2thdate] 2 -$(Table
17) R°& 096~1, z°& 0.1~2.98, C/M Ratio:= 1.1~2992 e on YESDS
719 =7F 2094~23.09 pg/m2A 7t ®wdow ohgo2 DIESLe| 267~15.19
pg/m', MARINO] 1.28~693 pg/m&20.2 %A YElkth YESDE nlAQdatel =
Hdz BF 58 7IdEE Yehloy 53 2diQiAe] A9 953 ¥L 71d
EE Boli glon, oy HAMA uFdie BAM A G, Al Ca Fe 59 E
FNY AEel WAYAt Hoe 2N o 52 FxE B AHY I3
Ao 2 ZAYAY] F$ t7]F PMI0o] thal chialz Z2ddze] e 7
31 YSL & & AUrk DIESLHAl 2didxte} nAYda RS54 & 5%
Holx Qed, AMFANGY 2AFA FF5uF ¥ AHEY dd zFia
118602tH(58 %), 7+& & AHg At 77,0569 (38 %), LPGAF 7,169tH(4 %)2 t A 2}
Fa7F b BRon(AMFEFAAR, 1998), A9 H S AFAE AYY Y
A odY wiEdAavt A Holy] fio] gA AFay QEs & Roz
Bzt g zFa o & 7ldEE Bolw ZEL EXCLEAN =4
dAEG oMYA e 7lgxrt o wA Uetgo AFxde] F7F AEFL
Ff 40,898 k&/yr, A 396582 ki/yr2 F%ol sl A AHgFo] OMAE H
Bol Alg3a o (AFFAAR, 1997), 53 FRAAME wMEEe A Fd
A om M)A vl &S HAA 23 %< ¥ BFo ALHAAAM wEEHE WX
ZF AR LS 42 %E 2MAE ¢ E7] dFo EXCLY 7|9%7t &4
YElhd Aoz HAHEPA, 1995). AlFxe wiEAHdAY A A o3t
F7e AlgFol 7MY BE X dHAMHE 2dZ YElgon, A §(1992)0
olatd 100 FAZIAAZ fXF dHA distE A TIY%
TSPel Wl CMBEYE& &% A7 3PdA g drjye ddas A5
wj7lell & 25 %AHEIF VA EHI, 64 %7 FPAAA EH wjE Aol g3 7o
g3 glon, FHAANME Wi 7| FFo] A dYeiwttn
AMSULY] 7ld=e vlAadA o &4 debdon SO o JAunUEe
A A MEY SO7F Azl Z el wal R E SO 2 AbgtE o
o] Btg AL t7] Fo FEY HIF Zx R {4 E, ©@x, GEY
o 59 B LHEAY Fxo wet A IS W= Ao dHA UATHEE

e & rr

_54_



H371eH B AEH, 1979). MARINS Z$ vl 2os 2oty 719
=79 gA Jdeton, ol Site Mo] ¥Z02 300 mAE ol uitie & gl
= Aol AU B¢ F8 FAAHYE Na, Cl, MgSeo] dAz 2uygda
o B2 A7) gEol 2RYAANY 7197t A JEG Rog Agg
SH(Yoshizumi 9} Asakuno, 1986). A $(1994)0) 4 2 77} WAH Q=
FAAL 29 9] PM10o] His) 2%, EY, HYS Ld¥oR st CMBREL ¥
€% 23 ¥ 23 pg/m (39 %), Y 3 p/m(6 %), EF 6 ug/m (10 )R E 7|
Aste Aoz dvely viod AHF AGeA AAH 29U AP Jdx
T HAE £ e FEYS ¢ F AU §H AGBUNE mlAgA7E 209
A B 7ld=st ¥ E%eu INCIN, CDUST, GASL, SOILD, AMNITS 7|4
Fe z2ddae} AR 2F WA et

Site UM wl A Q)=ke] 7 $(Table 18) R*S 0.99~1, x2& 055~3.18, C/M
Ratio= 10~1992 Wl A AE Bgoen YESDY 79 %7t 1003~
1362 pg/m', DIESL®] 172~1395 pug/mo2 E=%ow tgog AMSUL7Z 22
7~703 pg/m’, EXCLO] 0.14~782 ug/mo2 vehdct zoigd=te] 7 $(Table
19) R°& 096~0.99, 22 101~3.83, C/M Ratio= 0.96~23¢1% 2™, YESDS
71 E7b 2068~25.0 pg/m o2 b4 Estew thg oz DIESLY 7]HE7} 0.1
0~843 pg/mOo 2 ¥%31 MARINO|] 023~480 pg/moZ, SOILDL 1.95~253
pe/m &2 UEtth Site UHAl oAz 2 a 25 YESDS 719 %7}
won, 53 zdidatelA HA 7loFe Hulo]lde A3ttt DIESLE
Pl At 2ddA RFN S V9 EE BPon MARINT SOILDE 7|
AdAET Z2didatal e 7l x7t 23 E%om, AGBUNS A$E ul49)
A7b 2ddARY o ¥ J719EE Bl 3 INCIN, CDUST, GASL,
AMNITE vlAIdztet Z2diQla 2% @e 79528 v

Figure 11~14= 299 H7 7l Fo izt v &g nAYAS} Zigadz
Hetd Aol Site MollM wl A Y ate] 73 $(Fig. 11) #AMA] 2499 rdx:
YESD> DIESL> AMSUL> AGBUN> MARIN> INCIN> EXCL® &2 g
won YESDO 7o &0] 40 %, DIESLo] 31 %2 28-S X sgon =
Y2kl ¢+ YESD> DIESL> MARIN> AGBUN, AMSUL> EXCL9] &og
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EXCL INCIN
1% 2%

Fine

13% 4%

Coarse

14%
AMSUL

1%

Fig. 11. Average source contribution for PM10 during yellow sand period at Site M.

Fine

Coarse

AMNIT
AMSUL INCIN

Fig. 12. Average source contribution for PM10 during normal period at Site M.
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EXCH EXCL  INCIN Fine

ole

Coarse

AMNIT EXCL Fine
28% INCIN
1%

DIESL

3%

Coarse

Fig. 14. Average source contribution for PM10 during normal period at Site U.
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Ueu YESDS 71 &0] 57 %2 Hutolael 7ld&E AAAoH, DIESL&
27 %, MARIN 14 %22 Yehgch

Site Mol A} BAFAl ol A)abol oig 7led =& YESDSt DIESLS 7l &°) =
A Uehg we A (Fig. 12)olE DIESLe|l 38 %, EXCLe] 26 %, AMSUL®]
23 %2 HLEd e 7ldee nAth ZUdAdME FAA YESDY 719
go] 714 =tx thgo 2 DIESLY SOILDY 71dE7t Egtou B
DIESL® 716 &o] 47 %2 953 Egton thgoz MARINC| 22 %, SOILD
7} 10%2 YERs ).

Site USlA ulAQzte] 7 $(Fig. 13) Aol YESD> DIESL> AMSUL>
AGBUN> MARIN> EXCL, EXCH, INCIN® 22 YESD9 7194&°] 37 %,
DIESLo]l 37 %2 ul&d $Foz %A uelgoew AGBUN° 10 %2
AMSULZ} 11 %2 Jebdo, zoidael 249+ YESD> DIESL> MARIN>
AGBUN, AMSUL, EXCH> EXCL® €22 e} YESD9 7]ei&°] 68 %=
43 =grom thg o DIESLY 7194&0°] 19%2 et

Site UlM ml A date] 2$ 3apAlol= YESD9 DIESLS 719 %7 %A Y
gy whd A (Fig. 14)E AMSULe®] 34 %, DIESLe] 25 %2 A ek
om zuatel A$ FAACE YESDY led&ol 7t BRI HeoE
DIESL® MARIN® 71d=7 A viehd wtad, g2dAldle DIESLOl 41 %=
744 =qrom SOILD7F 21 %, MARIN®] 17 %2 WEsT
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#apA AFAY 7% PMIO] 7ldsts 24 egdel 3FHQA JAEE 7
Wabsl el 484 R BEY 4R BHse 2YSHL Avugon,

oleig 2MAEE EURE CMBREYS 3¢ 23 o33 e 288 4t

1.

2N F HAE BT G 1292 A BA FFLE EACAM M5
HEFol $AsYer, F&H5L 31~87 m/sE HluH ZFF upgo] EAG
%A PM109] HtFEE Site Mol A 66.19 pg/m, Site UollA 6361 ug/
mog2 Jebgon #HgAoEs 74z 2503 pg/m'# 2342 pg/m 2 YERY,
Site Mol Al HAHAl FEFe7t ARG 242 26W o &4 Jdehded
Site Ul A& 274 o} & A2z Yyt

2717 Bete] F£8A4 o] AERL Site MY ZA$ 9lAHdA FoAAME
SO4, NHs A 2o, 2uigdat FolAE Cl, Na'Ad®ol ¥4 ueboh Site
U9 2% Mg ZoME SO7, NHo A Ro], 2Uda FoAE NO*,
Ca® 2ol %A dvelwdt FAAe § 2F 2% wAdzedME Cl,
NO;, K, Ca”, Na, Mg“4%o], zddaAdE F, Cl, NOs, SO,
Ca”, Na', Mg A #o] AN o ¥& $E8 BYen, 1 F dAE
Ca® 4 &e Z71&0] 7k Eol Site MAlAE 55~7.74, Site UM & 4.
3~794 o EA Jehdoh

F&4 AR A HGYe) FFE ety s Na' & AELEOR
& FEAFE 7 B A Cl1Y BS AE4ELRS H3o2 dsd Cl
o] AR £AHAL 7tsAol e Ao YEwen, SOL % K AR
29 AdANE HEgrIgez, 2ddAdAe ddrIdes
7bsAol Be Aoz Jeigth Ca’olee 79 HAAldE usgride
2, AAd e g nagrIde FFS FAlo Lol frAE THeAdel
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lAd Ak 2didA 25 AgrIdes fdd sbeAel

A
o
N
)
oft
2

nZFAdre dEE ES71Y A& Si, Al Ca, Fe, K&
aﬂ%*?l% *é%ﬂ Na, Mg 185 719 HEA S7 g e 24
A Ao 2 UEwg. ARG v Fdre] F sEE PA4A B
22~46M 9 A JdEwon, 1 FAAE Si Al Ca, Fe, K, Na, Mg,
SHEEY F7H&° & Aoz Yeu, o3 AREY Flge
A Boe 2ddRtdA o & Aoz JErg.

CMBEH9| 38 Ax difde 29 EXCOA, EXCH, GASL, SOILDE
AR 59 7= Yeden 9 7ldEg Holg ZFeE HAR 7
ofFol 0ol 77t Hr2 v FAY 2dd ZE2HRUE Alole fFAEL
2 & ol AF(E Holye Ao ARHY, AMFANH F§ A A
Aol stE 29Y Zadde] RAg A 4 B AR HEe &
o 719d= & YEtdA e dle] ® AoE AlaHe Fo A¥stn FH
A 2d ARE A7) flME AFAY dFo %e LdY T2HYY
T dg A7 e TE

Zt 24U 71 &2 Site Mol A vlAYAe] F§ FAHYESD) 40 %,
2 #AFxHDIESL) 31 %, #4t9(AMSUL) 13 %2 UEelon, 2date
BAF 57 %, HA RAFaF 27 %, HF(MARIN) 14 %2 e, Site Uel
A el AdARe] B9 8 37 %, U Ea 37 %, FAE 11 %2 JERG
o zAYAE FA 68 %, U AFA 19 %, G 10 %2 YERSCH
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