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Summary

This study is carried out at Cheju city located at the unpolluted and
coastal region, from October 1994 to October 1995, in order to characterize
the influence of vellow sand on the composition of TSP and to compare the
composition of TSP at this city with those of other coastal and inland
regions. The collection and the analyses of major water soluble ions and
metal elements of TSP are conducted by using a High Volume Air Sampler,
ion chromatograph and atomic absorption spectrophotometry, respectively.
The results obtained from this study are summerized as follow ;

By the analysis of weather maps, it can be seen that the yellow sand
occurred at Cheju city is transported from Shanghai region on March 1995
and Shangtung peninsula of China continent on April 1995.

When vellow sand occurred at Cheju city, the level of TSP concentration
is 1.50~5 times than the level of annual average. The concentration of water
soluble ions in TSP at Cheju city are relatively higher than those of other
coastal and inland regions. Especially, the annual average of sulfate is 8.14ug
/m’, and this level at Cheju city is higher than that at other regions.

Compared with normal period, the contribution ratios of Ca’'. SOy, NHY',
Mg® and F are increased and the enrichment factors of SOs and Ca” are
largely increased during vellow sand period. Especially, the enrichment factor
of SO is increased in the whole region of Korea whereas that is decreased
In Japan.

The levels of Al, Fe and Mn in TSP at Cheju city are similar to those of



the other coastal and inland regions whereas Cu, Pb and Cd are not.
Compared with normal period, the concentration of metals are clearly
increased and the enrichment factor values of metals is, however, decreased
during vellow sand perind. The range of the soil content of TSP 1s 4~97%.
It can be seen that the enrichment factor values of Cu, Pb and Cd are

sharply decreased as the soil content of TSP is increased.
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T d71REEd 2AY £5d A% d7IedEd Asol A 3
Holx WATHoZ UF AFHT Qo 53] ofAlo} A He| M BALe}
< TR FEFHIT BLdAGoY AHAGAA wEE LEEAE 5,

¥t sutx R FAZ o)Fdle AldlEol dd HLol FF TR
Ao s Fe2 ALY JH7E o] AHE T Y B JHH 2
B39 4 71542 1% E=HTanaka, 1983 ; A3 7, 199D).

gAte ofFA 27I%tel 3, 49 FH FEAWY 1BALF WYX
FoseA B2 vaEo A4 3~6km7tA AEEo] FiEog o
= 4ot FHT HAMFHA AT vtz o] 71FF el 2, 3Y
Abol Wl kmold olFHo] & FAto FFE w1 Ue Aoz dHA AU
th(Chung, 1986 ;. Lee % 1986 . Tanaka £ 1983). 3A}7} o]Z o] ol %
E Q¥ F7HHEZE d7lF doj2E AR AT AGYF HMsE FA
goh ol g FA gl i FEHRE div)F do2E AR, A3
(trajectory) S o} &3t FH42 5 o] BololA dFEo] gfon E3| oo
229 x4 ¥sld datd g A77L FAE D AokEFH 9 1991 ;5 o]
T 1995).

Ag 7k A gatell o3 drlF o2& 24 W HPFo B v}
o dre dWFE SAAGAA P gtk 2F AW FA G F
Holl dAd AAFHd g S FAY F gV W AAHEA
Aol g FFS Hristedie FEo AdNH 2@9U dFo] FuHo
A2 HAAAAA Hrisle Aol Eo HIdtn YA AFzE
olelg AN 2@l A9 e HAFAGoZA FAtdAG] 27 th7] o
o2 24WsE HgA o HHAR £ £ Aok E3 ol FA A

oo 12
oo



AN Bare) Gl WG A7 FAHA R NxAas HES A
oz NzAR R AFY P ohU BAF BRAGI AFA Aol A
g7l dlelz® Ao nlAE 4% TE 1 538 Hise A FRso
3 Az

webq B AFol e 1994 109HE 19959 108742 1del 2 A5
A gsAgel g FAYAMN h71F RaRrAL A EeRAE
S84 oo AR FEARY BAL B oF 4R FESE U EE
E4g setsmes AFAY FaEdd ud e dwe AEsna

Aot ol ok ol Z#AE BAYY RRHEN 2ARE wlastna 3
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of Aol okshslAl chFd gelel /gAY WAAG AR WA )
A HE e 4-59e] AF behbi ne AxE Fm7 slweld woln

e olg4 mvigtel fHE wWAse] SYue s Fldow Eibsh-

ok ed A%s dom, AEIFe) J¥oz HEAFE v G
St §998 bs4del Atk teow FANE 1 BUL W

2AE AR dEZa el oy ;o] gAste] BRI &
A= FhzA 32 S A4F SUAAY 58 3-5970] F2 ehy
= O7ISHA Sefeloh MMl §3e BRIW Ueui slbA g o]
4 w1 FHel ol BANFE FYA Fadst AU §3o
AR el ARE e d B FYtEHel AT ALY B
A7 A8 Zeska: 29 dolth 2w UF S Fa d@dow ey
oAdEA QR el wawel 4rigkel AR falvere) slgty

of Yo A 7H7F dehGR g Aot



$AE Fa AnHon et Foba g i oo, " $ol
heb el ol WE ok Aol WAM: Ao wAl Soube

Ay A el Aristel 4N A9 dem, T A4S 2% e

-

e olgol Ael glth Z1vji Y tiHe 20 = s svho] sgaHEA A
7h e, ojufelz Kokl xwe]

% Rl Al AHE AS
Nedzael 449 7Heaol Aot o -

¥

2. BALALE 24

A A 71 wE ARl o8l BEEe 2 ARE A4 sbire] 2
Bloll wet 0, 1, 22 vERRLE o] i@k Aol o] &AL wE e gl W
ol E8v] Wiol w5l wetA ko] Asatol st Eajste, A Fup
TG HFo] HErbsstth webA AR AL Aol &) e

4ug w3y

e
it

ol g3tol PP NHL wBAekn ey oF o
Ak bR el olsh BAE As7] el GMS-4 Al Hdele) ikl
W3 NOAA 914AR & oligalel R el Al gt

bEol A B3 Gababelel @ oldel BHS FAHoz Awu i
197093 1994337k 4] S 2jubebol Al $EE AL QS Table 10] vhebul
b EolAel ARLE AYuId @ gloln ool AL ALolA

G4EE An ol (4] S 1993), UeiAE EAA el BEF 2 E (S, 1990)

EFAoNA 19709 ~ 198010l A A #2005t A B3E FAA S
B FRAUss 61024 Uz 3UA R, F2 3-59d vhehuu



FolA 4~59] AAY 77%E BAx, 77dE 29 = 5YUtoly ALz}
wEHAG

Table 1. The occurrence number of days on which the yellow sand was
observed during the period of 1970~1989(Chuncheon) and 1986~

1993(Seoul)
Month

Year Feb. Mar. Apr. May Sum
70 - - - - -
71 - - - 1
72 - - - 2 2
73 - - - 2 2
74 - - - - -
75 - - 4 - 4
76 - 1 3 - 4
77 5 4 - - 9
78 - - - - -
79 - - 4 - 4
80 = - 2 3 5
81 - - -~ 8 8
82 - - - 8 8
83 ¥ - 2 - 2
84 - 2 2 1 5
85 = 2 . - 2
86 e = = - -
87 - (1) - - 1)
88 - - 6(8) - 6(8)
89 - - - - -
90 - - (3) - 3
91 - - - (7 (7
92 - - (8) - (t:)]
93 - - (10) 4) (14)
94 - - - - -

Sum 5 9(1) 24(29) 23(11) 61(41)

Ratio 8.2 14.8(2.4) 39.3(70.7)  37.7(26.8) 100.0




198613 #-Ef 1993 7HA] 8d & M EolA &5 FALFE Bl F 41Y
2A d¥T 59 Axeoly 1989delF 2 wld FF3] Frhstd 1993l
1442 7t Bol #EHAY A Ao ¥ AZAFE 29 489 F
29U 2 AA 9 71%, 5¥ell & 11do] A3t 27%E Az shgich AAEY
I g7 sy dle dvE e FAAHA SR Ay
g 1edtd B 9 sudeA e wid BT 43 Hxo] AL BEFHE
Ao g Jetyz 9.

rlo

2) LA

Yutaka(1981) & 42 ATl &vtg ZAA B E Mt 1 W
27} Taklamakan AF2tS 2 2B Gobi, A-la shan Al% TR 9} #&37Fe
YEAY RIolgtm FHE vl Qon HAYE ol xPo] FAl WA
de delA Ao B9 A A= Fig. 13 2o JAle F#2 3~549
of A&, £3] 48l T2 12 FH9 At} EY Hdo] W ¥
7 7 uigo] 2ol EY EUE 5o &8 A JIFE B FEAF2
2 ol dd. Al Wiyl B olFA AVIgte] #BHMIE Fwsn w4
g T34 o LIy LA A FFE FusA g vuy o
2% AH7Igtel LUAE olFd USW FAZE A RED 64 ojFoE i
BAEA ok Ao FAE AR g AL FHHAAY A7
o] #71& ®ol X3ty EGEA Aely ¥t vjnF 37| B Eolct,

1% 3,000~5000me o] o]oJA Tienshan, Altai, Sayan 4t 5& #H

MEol 7zde] $AsA U@ 2 Ao FZojAE Fohn @4bol w43
22 4 $EXGe ol e AR Qo] Ach Yol M olnl AFY

Taklamakan, Gobi A& 2lx F129 AME, FH D GEAH4 A A
st S o] HlZ Fohn @40l 2AsE T35 Az Ao, watA o] A Y
oA A olFHE ol BHY AH/YL AME FHddx ARy dF
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of a7t AAY wAstA @A do. 1g
A71¢E 2 olFA A7IGel Ho FE-F
3te Aoz #EHT Y.

o] Adigt el W= 1,500,000k o] o), ABF ZFrFS 1 300
~500mmZA] ##Fe9 1/3 A FFolrh. olFA Arigel BFE FTHsH
ke fBAMY FMZE JPEAY FEo] Uy BAE FTHs &
olo} FATEL I HAv| Rl L FUEER olFd & & Jrt oy
714 FZ3tol A ZadA &£718 dod AT v R £ X
e At BAEVIE ok Bate d) dAE S ALY T4 %
HEAH 271 A oJsix BYsnz P BARIEE 3YTY
B 549 x7tA F@dte AT xe @350 . 2822 FAtE 4
~53] WY o2 F INER olF ¢ FAHE FATELS BT 1-23
Gk Z2(1990)% 19763 F-E] 1985 A7 A A ZellA #E&E ARG W
S7t B 1~338d S olv w9 vk Ut

19703 A 19893 742 Aol A 200d 3t BEHE 2639 FALE 2
g2 FES BH(Table 2), 1037} #3244 HFAY 2L A-la shan AHetel
A1, 93] 7} Taklamakan A}2tell A, 78] 7} Gobi At A WA & Zoz ey
T Ao (& 1990)

3) BAF A FAIZE

b o o] FAALAIZHE ZALY &(1990)9] Z A (Table 3)8 29, H
T AEAIZHE 32AZrelH, 2(1990)e MEAHE FAoz @ AZALE
o 292 LEE uh Utk Table 394 BE uis} o], A 208 &4
Aol Al B FAre S, ALAEe] 2442 v B$E 46.2%°] I,
24A17F ol4to] 538%Foed I FolAE 1~3Uo] 423%2 HF WSS
4 4 Aok 19939 FFolA A HAE BY, F 53 FATAM 23

_10_



7b 24X 7 Dlgke) A £AHE B3 33 E 1~3U9 AFAIRFE HA Ao
2 Bug vx Aoy &, 1994).

S(1990)8 3Abe] A EHAIZHS LU} BHREA] FHE A (Table 4),
Taklamakan Abehol Al @b gl Al ghubEel A HF 50.7A1be] A &5

31, Gobi Abaholl A wgl3h Al A SollE 223412, #8HdF ® A-la shan

Lol

Bhdtii Zolch ol& WA W RoA 4P BAbe AEel Tael
#xlo] A A7EG F4H0 eWA We Aoz PEH @B Ao

Table 2. Number of occurrence for the main origins of the yellow sand

. . Month .
Source Region Total Ratio
Feb. Mar. Apr. DMay
Taklamakan Desert 1 - ) 3 9 34.6
Gobi Desert - 2 2 3 7 26.9
Upstream of the Yellow <
_River and A-la shan Desert d ot 4 4 _10 385
Total 1 5 11 9 26 100.0




Table 3. Monthly number of occurrence for each duration class of the
yellow sand over Korean peninsula

Hour Feb. MariMonth Apr Mav Total Ratio
<3 - - 1 2 3 115
3~6 1 2 - 3 115

6~12 1 1 ] 3 115

12~24 1 2 - 3 115
24~48 2 2 3 7 26.9
48~72 - 2 2 4 15.4
72~96 1 - - 1 2 7.7

% = o - 138

 Total 1 5 11 9 26 99.8
Average 84.0 184 30.1 36.1 320 (1.3 days)

Table 4. Number of occurrence for each duration class of the yellow
sand over the Korean peninsula depending on each origin

Source region

Hour Taklamakan Gobi gegci\g 2;:; Total
<3 3 2 1 3
3~6 1 - 2 3

6~12 - 1 2 3

12~24 - 1 2 3
24~48 1 3 3 7
48~72 4 - - 4
72~96 2 - - 2

9% < 1 - - 1

Total 538 156 138 832

Average 59.7 22.3 138 320

-12_



4) ALY %

Murayvama(1987) 29 x|ol - 5E A7} #4557 fdsiMe 37HA 9
A48 2=ty dd. AR E A AN creeping, =R & saltation, S
2 FFo 29 EAMsuspension)eldE FHEAE AAsAY. a2l 7 E
A7]1% 05~1.0mm °]7, 50mo| A4 0.5~1.0mm, 50~ 100im

g} 28l 1 saltation YAE 13] H| ol = 10cme AYE
SEEY BELES ity dratx 10m oldE ol FdtA RIAT dd
2oaegrt 5d & kmE F4EU%2 AT deA 0.02~0.03mm YAE
1% Skm7bA Agdie A e vtk AFTE LM 2 date e
gapc wad AFEE #22 o 002mm YANES 2000km7A FF

52 0005mmEcH 2 YAE e oF 9§ ool A7A FEdTn

o
>
&

7boF

gate] BAANZREY Futex FEHed 225 E ATS 47 A
QAL NEE SAZ FHAE g ABE Table 59 AA Pk FAA
B #uzoA zhE W ol A3 Taklamakan Ao 2R EHE HE
85.8417F, Gobi AFHO 2 ¥ E & 553417, #FEAF I A-la shan Al e 2
BEE 4334%02 YEYz JoHE, 1990). 1990 4% 838U FE @§Fel 3
~49 7 A%d FAapel 49 2690 BSE A FERAEE BHE 248
. 2000~3000kme) AYE 2~4Yel olFF F T FFF ez H
o9 v don (R 3, 1991), 1993d 49 23 2 AFE 294 E9 A

g BQ RN BEY HAe] A FWEAA ol FsEd 48-60

]

ym

AZto] Ag Aoz By v AoHA I} &, 1994).

_13_



Table 5. Number of required time(hours) for the transportation of the
vellow sand from origins to Korea

Source region

HOu akamakan  Gobi  Yelow river & o
96~108 3 - - 3
84~96 4 - - 4
72~84 1 1 - 2
60~ 72 1 1 1 3
48~60 - 4 3 7
36~48 - 1 5] 6
24~36 - - 1 1
Total(hr) 772 387 434 1593
Average 85.8 55.3 434 61.5

W gab FEAl 71"

SA7b bk o] g slo] gujo] 7|t E S A HEH(Table 6), 7+ 2
A AN e P dHNE Tk Aol FAE WEA 2 FAAE
F2AMS Este 97 dFEoldd Aoz BaHo Ao 2gn A4S
o & 30~50 knotse) W-NWH-o| 29 53] 500mb3olA & (cold core)
o] a7t Falsdcdn Huso] Utk ol 7|GAI} ZFA A tod
whd Ao A Atz e E s NE dE FAL BEEHA D
Aoz wusty UohE, 1990). A A(199D%E 1990d 4ol HAE A
o] A% AR Fdo mrigtdialA FAL7L WA Ee] W} #eE AAH
F2 53R ZEAMY FooM FY48 Aoz AN v Ao o
of tfg At 24 19939 4% 23U ~24Y AHFoA FZH A E BA T
21 7b ;e Abet GE Rl gt F dxA gl en, Fglel e A7

oo 2 @4 LA FERdast FAMVIFE B FNHEE

o2
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J b B XA FAHERZA 7]Ro] 5~6% 3}
ZatRAa ojel] HEAFo] BEAW AoE BuHAHH I &, 1994).

BA 208 T FwTolN FAAYo] BSH A 4t #(Table 1)
E gAY d7IEE AHEE ZFAZ Ao M E Table 73 2o] 3Ab7p vyl
SHAl st oy oA AFE FF 7IAAE 2FA Fdo ety
E AE el vtz B sl Tanaka 5(1989)% #71te] &%l o}
A gard o] dECdAME Ut Potr dx FRoAE #Eddn
2 ag up gl

Table 6. Number of days with the pattern of pressure system when yellow
sand was trasported

Month

Pressure feature T Total Ratio
Feb. Mar. Apr. May

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

Low passed over the Korean

peninsula - 1 1 1 3 115
(with cold fornt)

Trough _ ~ ‘
(the edge of high) 1 1 2 7.7

Total 1 5 11 9 26 100.0




Table 7. Number(day) of the vellow sand occurrences in non-vellow sand
years of Korea

Year Month Total
Mar. Apr. May
70 2 13 7 22
74 2 5 3 10
78 5] 12 3 20
86 7 9 9 25
89 9 7 5 21
T;tal 25 46 27 98

Fig. 2& T3t SolA A7t dAQste gdnteo +58 399 x4 o
500mbe] ¥4 Yd71xe]il Fig. 3& F3UEY A7 dwee F4H54 &
g Aol dE A R 500mbe] Yr7I=E vERE Heojth(E, 1990). Fig. 2
dA By wdd G A7t HhY FIAFoAE FATHLIREE)]
HAm=23 943, 500mb x4 = 40~80knots A X9 W-NW Fo] shule
2 F9Hx o 53] Y(cold core)o} Falrt £ & 5 Ao

Fig. 37 Fig. 298] 718t A& vlus B, Ad7|dA e v s T 43

AME FYNE vt SEo ggol than Wao YT s ¢ 4
ok A TEY AEFFAE 4¥ W-NWREZ obd 20~30knots A%
SWH7F Al Holel Wael FAPE 4738 nysel Bdd AL ¥ &
ATHE, 1990). 1994 493 599 BHE FZe %FH AzAde
At 2N 789 B8 WAZF E: FAI} 1307 A4elA B

g0 SR gRSsdAE & Hae FAYAE BSHA ¥



Fig. 2. The typical weather maps of sea and 500hPa levels when
yellow sand was transported to Korean peninsular. The
shaded area is a region of the yeliow sand observed(&,
1990) : (a) sea level (b) 500 hPa.
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(b) 500 hPa.

_18_

The shaded area is a region of the yellow sand observed
: (a) sea level

Korean peninsular when yellow sand was not transported.

(2, 1990)

Fig. 3. The typical weather maps of sea and 500hPa levels to
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g FE2 Wl &% & vt oA ol FrlE @4

olE A2 AAZ FT7]¥(air parcel)® Lagrangian trajectorys 93|22

x

o & ol

AL FFo #we o AR A P99, & uH1991), 1y EA
TR/99D9 BaAef M= A4S drjEe vEEE FAYE FalA ANE
stAY SAtd o] dojd 2~3%Uke] TS AXHE St olFHEE F
ot dvk SHHEAA vERYE wpg R o R A T ol HEE ANE
gz 7b Alzbe] St FrlE oln FHd F7)7 opvlEE ofd
R Z7H9 olgdRE FAY & (& v 1991). St Al e nt
gaoy Frvide AHFE AdPEE A F29 A H(sentropic trajectory)
o} wlarste] Hab 24417 Fol 1300km A=Y O E A2 E BY Fk Utha

etg] v} Qlth(Danielsen, 1961). 18]l 2~3Y A E 9

©

av

71kl Wik A
dA AAY FEAeE A wetd T £ ket zol7b & F

A7l wEe e dYd FHefA Pt oleHAEE I AA =] ¥

ty
>

-

A gy HanviE #oi(Fd 5, 1993).

Trajectory® F3H3E AMdUHozE F29HGsentropic) $H} F4d
(isobaric) o2 Uz + dvd 2 izt Ao Urk &9 %
He T vE A &5 S stvh sbASt FAHSE WHoRE Meril
(1986)3} Danielson(1961)0] A}-8-3}4 ). o] Wdel s @& Jztg el dAiby]
o] AMFAIRe] Agsn, e ddryd BAE e WEAle dEH S velst
A Fahe wrdol ok z2elm &3 wH1991)e]l AHE mY, dAet 2o
1272 pA R G w6412 H A9 91, Ak 11257, A 1459 Az ®
Matg 7t ol &Fojof upgtAlstn Hrl FAHoln HEE & dugFY
M % AFel g Aoz veidn o

ARE AMRSEA, 7)Aol 1241 tA R A

A 7 R olgsttd, YA /1Y ERAAR TN ol FBUE
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dto Aot WHorA JYAEIE vud HA a7HT FFrdLde 2
eiste] At & Ao 2 8Hd B ol Aol $F3EE LEEHY
FAIG HAA Aol ¥ol ojgH A
¥ (forward)# ¥ ¥ (backward)o] Utk HIFL A& oz FHa
o fojAe F M A E=e JdAAYd eFEEY FEALLL 2
A A5 g4 E dAFst=d F2 AMEsta %
do] BAAE FHed de ol&sH Atk FIF FA4A FAMe 9%
ol &2 FHel= 71t 850hPae] d2 ol&H 1 rt. T4 71k 850hPa
& i 1500m FEel Al TAReEA, 3F MEVIFI 5231

om, A FgA FAH FFE LA e HAY Eo2 LFEZY FAY
FE A dFE FE dEH Ao g & F A

Z T(1993) Z71%el 2T U, AEEe] o]F P2 5AHE It F

e] ol g A zel o 2dde FFE dotrv] A o SHPA A

B
2
lo
i

._L

ru\m

=2

AEBAL 2~3Y uof sulte s EHsA Hoz $dety gr1g A A
442 FAde FA € Aoz ¥y oed olsAEE AMHoR
T A4S Jerd D, Seidete nlxle AA AR AFES BEAZAA 9

24 29 £07 Hausy dgen, £33 o

FHAE 33 &4 429 dFx FAE 5 & Aol AR

F3o EAY, 18] A% Fold BAY LAUAY HFL | FEYY
$abe o7l gelst, A7Ee R JRe 5 ot d Fopld w=osn
e drle) £ Fo, dlid F9e i, 25 WARoRM
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Aol vA Jate] FF2 A FU7A &4 F7] 2E, ¢E
T AG LA A= Gl kAl H, 1992 ;1 o T 1986
Tanaka % 1983 : Nishikawa %5 1991 : A3} &, 1994).

7l ol FFetn A= AR 277 & B fede
ol A2l wFo] E7bestA T 20melste] 2718 e e FALY F
Fo] ettt deld Aok FAY A71E A Aol 0.2~20molH, T F <
0.4~120mel ¥F+E¢Gn Bandn Atk B FAb= 1~2m oj4el zuig)
bzl &89, ol YAE d7] dojzFe Fag Aiel dutn LA
Art(e]l & 1995 ; Laurent, 1993 ; J %1% Rt &7, 1989).

grAdFA tr1FddE EFEEY 8548 F Si, Al Fe, Cu, Mn, Na,
Mg, Ca, K, Pb, Cd 52 AstEc] ¥ol #FfFHo Arke]l § 1983). 190l
= dldFAd dEE Na, Mg, Cl A& E: 55 72 5 Aok 298
2 7lFel A et dAoze di7lFed A5 EAZF AL o] F A
o 715 el SO.8& Fow A= Fuje] AFE don dejAn U
TH3H 5 1995, Seinfeld, 1986). Tl %ol HZ Fx9o TPdLHd W& Fad
bel W oy F£8e Frtz A w2 drjedEHe] HEL L
perg olg Aol gEutdd vA Fgo] §HH D U] EFYAY F
e olEol oa e FAFZ B AFE v ) F ooz E
o vjales F&FS HWT ¥ oty FIHAM wiEzE 7L EE A FAE
olFoll g AHEZA 1 s HaMdol dFHE T o8 FHoA A7
o] FaAdol g4I U

THIA AT L1989, 1990, 1991)0] A&, 73}, it M 37 FAE Ao
2 Hfo d7F FHED FEE AT 408 BY JAA grEG
T 20 o)der A deudn . a3 FEAE A, FAEYA
Alel FEs HFAMAIEG oF Su] Fxo 2 FEE Holn, Cad A4

of o 2w HE ¥e o2 Mugth 1Yn PRV YPFLEE A

=2

7Vl A Aol
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BAZIZSA Ll ©]d9) A7 FEFED $x9 79.2%0] 1 v 3A}
Z1pFANE oF 548%E A st FAJAIE F2 Llm o)A ZdaE
of £3te Ao HuPch(AF 7, 1993).

o] §(1993)0] fejvietel Mg, Rk i, FF9 47] TA|A FAFA o
FHAEIET SEHEH £84 H4¥Y 28 A 0 Add 2 AHE

d, 25T B HAA visA 28 A= A YEbY 3, Ca, Fe,
d FHEHE A UERY 84 HARY B
S HAF =9 aolrt 24 E JEIHIIE 3 g 8
AbAl ot BAAAlel AAG steH EHoz Mo FE Aol T AR
Aok ok F, Ca®, SOS ol &4 B sxE HAAd vs ZAtAle] x4
Z3d9dn 2153 o ofdd A o] 5(1988)q ;M= AP n}
ARt

H7lgel oojz2E AF9 7de ¢V 98A dutyoz FEAS
(enrichment factor; EF)E& dg ol&alcd A9 FAHAANE ofw 7]
2E ddsled 0 2259 =9 d7FY FEE o1 o] v}
3

Ao},

=z o
TE

fr

— (X/Al)aerosol

Enrichment factor (E.F) (X/AD
crust

— (X/Nd) aerosol
(X/Na) seawaler

AN (X/ADwerosot = 715 Al T2 g ddTE£ALe 5Xy
(X/ADerust © A2t Al 320 At gda45dre 52y
(X/A'\"a)sea\\'aler . 3H’)7:%_ Na %Eoﬂ EH{?_L EH%“E:"Q‘%-}F—Q %EB]

T WEAEEC EYIE Ay ANAED T2 EGF g nundd
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B t71F o2& RE HEAM EFgte A9z A

@ % R a%AT P4t 599 Aot ERNY 4R yE:

d
N,
X
He

A G zbel] apel S HolArk EFgte #Abel e e Ao ¢dd
T2 F 1o 2HSE @& HAddn Bustn Ut olE Edue] &5
of v EY7IY 9289 xA4H d7F doj2F9 Ao vl&sits 9
v2A FHENFT AT AL 71de #HAg F7 Aok gy 9971
Y42 &2 Cd, Pb, Zn 59 UAEY EFgtS 2 ¥Y7 s 94 o
By Utk ol A 2FdAM wiES th7|Fol AdEo] F 5y

8
f,‘e"i

of AFE oujgh(e] F 1993 ; KWk @, 1989 ¢ o] 5 1995 ; Al
7 A, 1992). FEEol FALF Cl, Mg, Nadt 22 £84 A2 &de
Hlate 2 it EiE £ don, WsAYGuge dgxde Fe 2 7Y
S YgEE dgez B 5 Qi

FaEATdM EFYAY 719 &8 Hrbzbr] Y8l Bl Agdaq

Al, Fe, Mn, Ca & dg o|&d=d 1 43wy oen o

Soil content(%) = % X 100 = C"”z—iéfmlf“i x 100

A7 Crsp * FHEZ 5T (ug/m)
Cooit + BT EGAA 719 489 5% (ug/m)
Ca - 2% Al9 F%(ug/m)
Soily - EXAEF AlY T35 =4 (g/g)
EF7ld e Aol we zoly Jdou HAAN ELUAY g8
20~30% Hxol, FAAlE FAL 4R wetd 40~70% =2 3
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At 2, 1992). A&, et Zaeld AP Eddate] 71 &S v 3}
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1A XN

MAAEL Fig. 49 2ok FXFEZ(TSP) 559 AHE Fwo 99 H
eddol e AFHSL(S]) L vuNHoZ NAY HEA 9] X F(S2))
A AAsdT AFddus e 300m Aol Yxstn gon Fuixde
UPA el 2] YA Tkm HolH Qon BERoz R 2R
7 A o agn duxdes MAY drEe 2E
Ikm A& F1 glon FHol FAHANZ ooz Yz =
THFS 8km EolA Utk aEa B AFME Ao $dsn Y=
AFA 71 25 FH2(8NA A5 2t Ax PM-10 AHE2E 21
2 ot o S3AYL AFNFe2A AFAY T A7A #E 70m
Adel 28t glow FRe) atgsges} wwg stz do|r},

2. NEMH % 2Y

Y AEAH P

H71E & FHEA9 AHoe= 209 High volume air sampler(Andeson
B/M 2000A)& ol &3dte] T AN 24A7 BAE TR B9 ¥
AN FJIFFE 12mYmine 2 54 FUsAed §3e £ nEnye
°j &3t BASG ol AL At} FHNRAR (8 X102 AHLE AL}

BANEY AH/DE AFAGY APHA B2 FED ZHS Yol

l
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F AEE 19949 10858 199593 109714 AHER 43§ 7|&e2 HA
stk 28 AR A AFAY d7]F FHECde] 4FE B
Al BAAIZIE AF2 8YUH(4¥ 3¥~4¥ 10¥) 9% Y= AAs A
2 XA 71 T AHE FHEIY AETE SI AHAA F 234, M
RAHS2)ANAM F 4HME APART F AFAAM AgFd ol 48 ¥
ARAlll A H A nFoz HuAHAM AEE MHEAA ZHI] @WEol
o

HMHth

AH7 d2E 92 ZA 35359 Dry Ovenoll ¥ 110TColA &3}
o NEAH W E TAS e PREAFS FIHAL, FREAF
FHE A4F AEY 24E Al AAE FFHE 1/2 B3t ¢ FES
E4AFTE AR A0 ol&ddn Yo oAXEs £E4 ol24E ¥4
of o]&&dt. ¥4 tY HEF FTTEEL EYVIY 42 F <8 Al
Fe, Mn¥} 942 &4 A Ni, Cu, Pb, CdE MAsNR, F+&A ol&2
Na', Ca®, Mg¥, K', NH4', SO, NO3, Cl, F & MAsyct 2 d2se
Table 9o Yetd ol o3 £M4& Pyt 4 &= EAd Hag
Alg gz AHe #AL2 Fig. 59 2o



Table 9. Analytical method for each component of TSP employed by this study

Species Analytical method Model
Metals
Atomic Ab ti
Al, Fe, Mn, Ni ormie Absorption GBC(Model:908PBT)
. (AAS)
Cu, Pb, Cd
Water soluble species :
NH;' Indophenol Blue Method UV (Model:8452A)

Na', K, Ca’', Mg”

Atomic Absorption(AAS) GBC(Model:908PBT

SOs°, NO3, Cl, F Ion Chromatography DIONEX
Method(L.C) (Model:DX-500)
Dirty filter
paper
N

I

Add distilled water (50m¢)

Ultrasonic  extraction for
120min at 25C water bath

Filtration
(Mambrane filter, @ =0.45/m)

[

I |

|

Add mixing solution (50mé)

(HNO; + HCD
I
Ultrasonic  extraction for
120min at 100°C water bath
1
Filtration

(Mambrane filter,® =0.45/m)

IC. & AA.
(Anions & cations)

(NH4")

AA.
(Metals)

Fig. 5. Procedure of sample treatment for analysis.
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AxA Ao dr1F PR ALY WE S4S Hebstad 19949 1l
ARE 19959 108703 AFA 71D AFZAHESIAA ZHE $HEA
(PM-10) 2% & Aol s S48 429} vlwste] Table 101 hebich,

AFA Aol ARE $HEI FE WSS EoIM 2@, BH vH
e sEob wad ¥1 g el RolNE AWAL T 5 Atk 9

r-{tr

Table 10. Seasonal variation of suspended particulate matter at various
cities( # g/m°)

\\»\Site This Cheju Pusan Changwon Taean Nagasaki

Season . study” (n” ) 3™ O (5)°

.

Spring 71.3 50.3 123.0 68.0 75.0 40.0

Summer 333 34.3 96.7 42.0 36.0 32.0
Autumn 46.8 43.7 102.0 65.3 40.5 34.3
Winter 284 339 102.0 64.3 57.0 34.0
Average 44.9 406 105.9 59.9 52.1 35.1

(1) : Cheju City (Monitoring Data), 1994. 11. ~ 1995. 10.
(2) (3 © 3 73% 1994 (TSP monitoring data)
S EEAATY, 1992
(5) COH ALY SR B R IR BT 5, 1992
* . PM-10 data
* . TSP data
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Yetel e detxel 9 AR AATAME L WE S4L
d + A g Ho WA
of Za7h B Al e e

4. aga gH FHEN eIt T

-

ste FAe AFAYE 2 ¢
e R AR T FR obrol AFolAM FH RIivsatA FHse FAe 2
< AdHd M F oz AzZtedi(Tanaka 5 1983 ; Masataka 5 1991 ;
B2, 1995).

2. BAL AIEY

199513 F "ol s Aol o) 339 FALE oEI}AoY, HFAHAAE
HAIHo R 393 49 77t 134 gAY #BFo] o] FoR RO VAL
EFRATHAIF 7143 dl, 1995). A 2% el & o]u] A HE wie} o] FAje]
AgBES i FFo JE3n A7l WiFo IE Fol FH3E FAE
#HE37] olelg ¥ ooty BEHA #BEHAY FHAH Bodo] YA F U
& B9 oiYe BAlY BAES AFHoeR AT F Uk "y B A7
AME HAZE FEEYE d71F RRED v HAAAA vlE Fotste 5
e FHRA Bolnz AFA dr]d FAYe] FFEIPM-107]F) &
ZA289 714de AdBEF JFECILY7IRIE ol &3t FAle LAY
#E& FAANCR gotstuz fr

2
i

I

(7}h) 199543 3¥Y &} £4

Fig. 6ol #7FolA &&35tn e AFA d7id S DA 19959 3
ol Azt 2 249 RHENY 5 ¥F A3 Uedd. Fig 604 »
W 39 119 23A%EH F/EA 557 3438 F7hsH9 129 04AdE
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502.4ug/m* 742 ZA F7HEIATE A Ho 2 FaE F oA 129 15417
8] 3§23 st 234 FolE 452u/m’ A F7hSRA T 139 064 o) %
FE 100pg/m’ol 82 dojxm 9leg B 5 2rh o gio] MF 74
AgBE (712 FABE £48 B9, 39 129 164 208 %¢ 3¢
139 0641 302742 BA7E 71E 53 L3, o A7 AJAE HE BmAE R
A 7l del ZA ostd AR JEdt oYW F @3 AAYE B 9 34
1149 ofztell 283 Fale RZF oz AEZHA FUd Aoz Hridd o
24 39 #Aabe AHAZHE AAAHoR A7 AT Aoz Aztec),
Fig. 72 1995 39129 2% AFAGelAl F2d Aol A7t F4
Fo] olF ARE AY U7EEH EAMs FHEE Aol a¥olM BY
FArE AT =287] 29 Mol Taklamakan A% 2 %€ A-la shanAte}
R B Fe AXAFE AHA FF EF AGE AYEAM MAF] st
o T3 A ALS FHTF AT FUE A2 Yeida ot ojgd
71 FASFE 2HATEE AHA FunF ANg Tosid dastin 1Y
5 222 A4 HFE AX ¢85S & F Utk o]2H
2 o A2% A olm AFE miet Zo] H7|YS olFol wet Y FW
of $12% FAZE FPEZ olFH %SS4 F Utk 23 A Fig. 8l
A ATl FAbZE B g sFAGY Ao AIqE @AM wix g
M wtgFE B, fFAHMo] dHEAAE AXsA FoB R Fig. 7oA 9}
Zol FA7E %€ Aoz Bylde ta Tzt AdnE AH R 700
hPa® & B9 40knots A, F2 W~NWFo] £3 olue] FAlE T3 43

4TS AAM F98 7Y ¢ & Ak

B vtz g vt

(1) 48 AL 24
Fig. 9 Fig. 69 2% vl 2 490 AFA M #38 FHEN9
At = Wsle] o =gt} Fig. 994 B9 49 6 16A A% B

_33_



‘G661 YoJeN
2l ~0] U0 9oBlNS B (S9|0N10 JOP)SUSD MO| JO UOIINJOAD awil pue Auo nfey) e
G661 UOJB gl UO PaALNd00 pues MOJI9A 8y} JO (S9jouI0 pljos)uciBal uoiepodsues] 7 “Bi4

3084 304 3001 3061 30e1 3064 3021 3010 3001 306 308 30L 309 05 0



RSAS  KMA

L HHTUTC R 1995

=AURST0 KMA

TN NII2TC R 1995

~35_

was transported on 1200GTM 11 March 1995 : (a) sea level,
(b) 700hPa.

Fig. 8. The sea and upper level weather maps when yellow sand
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FERe FE7t EFrrste] 2141 Ao 1255ug/mi 7Rl Z7HE B 1847 EoF

[$)

T BN rEeE Hag Fo oA AAME Frhste] 8% 234 el 148
p/m’ Q22 Frhstgog 11 ol ¥ AFE As FEvH oA dolye

Ttk AFIgde] BEAnE BAS w9, 49 7Y 084 108¥EH A}
7b 71850 104 402744 A& 1, 232 8U 0741 10%HFE 194 4087
A A% Qo 7250 Aok 49 $AL BEA AR 10~ 12kmYER
th ol & Tl & wf AFA M 49 WA A 39 WAE i}

of vlef 2 Hw=7h BluwA oot 49 6Y L FHE 49 9Y 204 A7 A

e

ok 80AIZE 7h7ko]l 1 AIZE FoF A o] HAUW Roew WA 5
Fig. 102 49 7ol A FAlo] fZEg 3atol ojF AR

def ole &8s AGY7Ixed o) EA3 Aojrt ayPolA nd FPHAM

of Aol uadsE FaslEA Fdel AT FAE e §9)

A 7bar dek AF A A Az Ay §F dde AN IR NF

5 Fig. 1104 dadd 719bsid & 427 (Fig. 2)3 w58t 700hPa®d

ol iz NWHo| 45knots® 21 ASS o 4 v} o]z By 49 790

Sabis AbFRbe Ao ffAg #Atgizh o] MHE B e g AFAY
231 Fig 1194 4 &9 7358 84 6Y

1270 % 9] 55N A e fx|stgl Pao] 7Uo = hF 48N A @ T}

goliz ThAl A3NTHA gatEn e ¥ 4 ATk BFEAe] 917
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Fig. 11. The sea and upper level weather maps when yellow sand
was transported on 1200GTM 7 April 1995 : (a) sea level
(b) 700hPa.
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Fig. 12. Concentration ratio of TSP annual average for each season.
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Fig. 13. Daily variation of the TSP concentration.
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Table 11 S1 A HelM 248 FR{FE2 F 584 ol4¥e 5%
& UEd etk & At atel W % e dtxde] AgE 2377k
PABAE Fo AT Azt Pol sl AY YA Wi mA
AGels SHAA7] dgel & AFolM BMG atmseh wmats] 98
Table 110 A A&t ¢ict.

Table 11. Comparison of annual mean concentration of water soluble ions
in TSP at other coastal and inland sites( ¢z g/m®)

lons Pgistal reigon o Inland regioii
This study Taean Kanghwa  Fukue Mt. Sobaek

Na ' 227 1.49 2.20 354 0.11
Mg® 0.20 0.16 0.23 0.51 0.08
Ca® 0.84 0.38 0.66 2.77 0.70

K’ 0.50 0.14 0.26 0.34 0.31
NH;y 091 0.84 1.46 0.55 213

Cl 1.71 - - 393 0.40
S{ofy 8.14 459 7.27 5.61 433
NO4 3.11 0.89 1.44 1.38 3.11

F 0.03 - - - 0.07

oAl B, FRERNFY 2} ool WE HEPS AwHoz
A7A Aol g 2

WA el AF A o] sfeka
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S FEYE ¢ 7 Ak vlalE A D (non sea salt sulfate)S Al A

757u/m 2.2 o)y F SOs HE9 o 93%E Axstm Utk AFA x| Ao
H71E SO 7b29 s%7F AHF 10pph o]dt2 dlwhs] Yrps Al e n
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Bhdoh Aed oy g Ao s 2] A oAl

dFol vlmH 2 Aor MzHE aAedAE SO BA Gehje

AR
23 SRR AFA AAn WE nAA A 2wael g A o
Ao Ael2 Q& €l Fxell AoJME 2 o8 Holx 98e o & g
Table 122 2t ol 29| WAFTE FPFTE B4std P9 A}

Aol dig ol FAuE ebd golth HYAS BANES wmsudw
Ca”, SO, NHy'& $AbAlel zhzb 13%, 9.3%, 6.3%9] w4 2 Zoz Z
b FuE Belm glod Mg”, F & Z7hE TAME HYL o 4
ATk AF H(1992)% FARA o o]ej3t HEE] 212 B LIe=

H

Table 12. Contribution ratio of ion composition in TSP(%)

. _lons . 2 o e . 2 .
. ety Cl NO; SOy Na NH4 K Mg~ Ca”
Cases

Normal 04 207 199 390 548 180 6.6 72 134

Yellow sand 07 142 169 683 359 243 51 83 264

wFAA Na', Mg” 2 Cl# 2& #drge) 4u

dEene 2o dgozvey

olN
)
rlo
i
Jb
ok
ML ;10
o
i
Al
i
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1
N
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o
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N
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MEIEFI0l Hir Bdm/se ZalA BUY 39 FAAS] si9k shto] o
IH g S2A el A 224G 2hi ok vwate] Table 130] WebWch ol A &
FHoZFE e Tkn Holz S1A M HAHNOZTRE lky "L wojn
S2A S vlas e, gEAQ sE7Y A%< Na, €l aga Mgl e
B &Sl vlel skl wwd WA 91x& S1x Mo A g

of Mlax oA 70~80% HEE ol & 5 2t}

N

Table 13. Variation of ion concentration in TSP with distance from
coastline during vellow sand period(11~13 March 1995)

Species Site S1 Site S2

(7 km) (I km)
Na’ 4.01 5.00
Mg*' 0.48 0.64
K 0.59 0.63
Ca” 1.81 1.86
NHy' 0.33 0.45
Cl 3.98 5.66
S0y 14.04 14.42
NO; 3.57 3.32
F 0.05 0.08

() ! Distance from coastline
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Table 14. Comparioson of E.F value in suspended particulate matter at
various locations

Coastal Inland region
Ions -
This ) .
Taean Fukue Oki Is. Thushima Mt. Soback
study
N2 12.26 12.14 8.76 - . -
SO7 7660 (1218 (523 OB 6% 156.32
.2 4.85 6.64 461 _
@ 676 (4500 (2709 18 538 166.35
2 0.55 0.90 1.55
Mg (103) (1450 (o4 089 088 6.07
. 552 2.54 3.34
K 635)  G71)  (208 261 439 76.07
0.45 ) 0.42 _
Cl (0.38) (0.70) 0.36 0.37 2.03

() Yellow sand periods

Mo 7] B2F F84 oLAR S EFgHAFAE 713
Bb afbx e 3 & 2] <l (Mt. Soback)Z Bl sle] Table 149 vrefyich a)
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Fig. 16(a). Relationship between soil content and enrichment factor(E.F).
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