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ABSTRACT

The purpose of this paper is to understand the time series and origin of a chemical component and to compare the
difference during yellow sand episodes for analysis PM,, chemical components in the region of west in Korean Pen-
insula, 1999-2001. An annual mean concentration of PM,q is 29.1 pug/m®. A monthly mean and standard deviation
of PM,, concentration are very high in spring but there is no remarkably seasonal variation. Also, water soluble ionic

component of PM,, be influenced by double more total anion than total cation, be included NO;™ and SOy

2~ for the

source of acidity and NH,"* to neutralize. Tracer metals of PM,, slowly increases caused by emitted for soil and ocean
(Fe, Al, Ca, Mg, Na) and Zn, Pb, Cu, Mn for anthropogenic source. According to method of enrichment factor (E.F)
and statistics,assuming that the origin of metal component in PM;, most of element in the Earth’s crust e.g. Mg, Ca,

Fe originates soil and Cu, Zn, Cd, Pb derives from anthropogenic sources. The ionic component for Na* Cl”, Mg

2+

" and Ca® and Mg, Al, Ca, Fe originated by soil component largely increase during yellow sand period and then tracer
metal component as Pb, Cd, Zn decrease. According to factor analysis, the first group is ionic component (Na*, Mg™,
Ca*") and metal component (Na, Fe, Mn and Ni) be influenced by soil. The second group, Mg, Cr also be influenced

by soil particle.

Keywords: PM,,, enrichment factor, factor analysis, yellow sand
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Fig. 1. The location of PM,, sampling site in Korean Peninsula.
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Table 1. The days of yellow sand occurrence at Seosan, 1998-2001

Vear Month 2 3 4 s 6 7 8 9 10 11 12 Sum
1998 - - 4 3 - - - - - - - - 15
1999 4 - - - - - - - - - - - 4
2000 - - 6 4 - - - - - - - - 10
2001 1 - 11 8 4 - - . y - : 26
Sum 5 - 21 23 4 - - - - - - 55

Table 2. PM,; samples which becomes collection from Anmyeon-do, 1998-2001

Veur Month 2 3 4 5 6 7 8 9 10 11 12 Sum
1998 1 6 *5(3)  3(2) 6 4 0 4 4 4 2 3 42(5)
1999 4(1) 8 8 10 6 8 6 6 2 10 4 7 79(1)
2000 5 5 6(2) 6(2) 4 0 3 4 6 7 6 60(5)
2001 2 5 4(4) 7(2) 9(1) 2 1 9 9 5 5 65(7)
Sum 12(1) 24 23(10) 26(6) 25(1) 14 10 23 21 29 18 21 246(18)

*A(a) : the days of yellow sand non-occurrence (the days of yellow sand occurrence)
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Table 3. Monthly mean PM;, mass concentration (um/m’) which becomes collection from Anmyeon-do, 1998-2001 (mean * 16)

Month 2 3 4 5 6 7 8 9 10 i1 12 Annual
Year
1998 232 20.3 47.6 43.0 37.0 31.8 20.7 194 14.9 24.7 22.0 13.2 29.0
+— +50 +180 278 133 94 +2.3 +5.8 +3.7 =110 +11.0 42 =168
1999 327 355 404 25.0 420 374 29.8 17.3 26.7 31.5 20.3 25.0 289
+314 x13.7 174 59 £166 =109 +£248 £58 +1.7 141 99 %133 <145
2000 259 20.4 422 65.7 56.8  109.7 498 549 342 36.7 52.1 379 50.1
+199 4.1 +139 434 264 =206 =156 400 =112 =152 165 =126 +29.8
2001 219 214 68.1 359 29.3 227 21.5 204 20.2 41.1 372 329 294
+169 6.6 £756 =143 =155 1.8 +— +5.7 =143 315 =176 =187 =182
*(a%) : (ion/mass) x 100(%)
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Fig. 2. Time variations of seasonal mean mass concentrations = y2= 2.1087x
of PM,,, 1998-2001(standard deviation is 1G). R®=0.7219
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Table 4. Annual mean variations of water soluble ion concentrations (ug/m®) and the contribution ratios of ion concentrations
(pg/m3) of PM,o, 1998-2001 (mean + 10)
F Ccr NO;” SO, Na* NH/ K* Mg Ca®™  (Zion/mass)
(mean + SD, jg/m?) x 100 (%)
0.033 0.904 3.949 4.080 0.675 2.184 0.282 0.087 0.324
1998 +0.019 +0.558 +3.253 +2.970 +0.311 +1.584 +0.132 +0.063 +0.408 432
*0.1%)  (3.1%) (13.6%) (14.1%) (2.3%) (7.5%) (1.0%) (0.3%) (1.1%)
0.031 1.217 4.693 5.516 0.959 2.836 0.453 0.147 0.530

1999 +0.021 +0.981 +3.312 +4.021 +0.702 +2.099 +0.347 +0.127 +0.629 56.7
(0.1%) (42%) (162%) (19.1%) (3.3%) (9.8%) (1.6%) (0.5%) (1.8%)

0.027 0918 3.528 4.485 0.731 3.116 0.233 0.092 0.359
2000 +0.027 +0.918 +3.528 +4.485 +0.731 +3.116 +0.233 +0.092 +0.359 26.9
012%)  (1.8%) (7.0%) (9.0%) (1.5%) (6.2%) (0.5%) (0.2%) (0.7%)

0.055 0.859 2.531 2,797 0.709 1.871 0.227 0.105 0.456
2001 +0.056 +1.261 +1.996 +2.203 +0.985 +1.548 +0.226 +0.141 +1.287 32.7
(0.2%) (2.9%) (8.6%) (9.5%) (2.4%) (6.4%) (0.8%) (0.4%) (1.6%)
0.036 0.984 3.663 4.271 0.780 2.565 0.301 0.110 0.427

AVe. 0043 2097 3008  £3540 0724 2350  £0263  +0.114 0791 38.2

Date

Haz ok B RS AAske FAolHYS W ehdligich daRswr) 20000 7R A4 el
7159 NH 9} Ca¥3} 722 BEQS 719o® sh= 9 A= @7 o]AJEL 19990 HHoR wA L}
7178 BjtEdl ofsl 3o 2|7 [HdskE ¢ Ebkom, 7t Hazhke 199893 20010 A Yet
sAZIth NH = 559 widE, EXAZ 2 AR Bk ol &R F 7P ol EREe] e AR At
7 Zo] vlE=E™, Khemani 5(1973) M 73s1E0) d5tel Y1EZ]] NOs¢ SO olg F3H7l=
&l $43 71o=rt g Basiu). Fol2H NH/ZA 27t 43 B3] FaEsEe
Table 4= 22042 1998~200137F4] A& 3k vlA) 3.663£3.008 ug/m®, 4.271+3.540 pg/m* L 2.565
W] Foll i ol R 9FY WY HalATge +2350 pg/m*e|™ 1 o]9]9] o]2AGR Foll= Ca¥ F
a) 1998 b) 1999
1,120 1.705
0.299 0.475
0973 (114 3120 1.456 0.093 3.916
7.539 '
‘\ 13.633
2.330
1086 17.752

0OF- 0OC- ONO3- OS042- ENa+ ONHA+ [OK+ OMg2+ B Cal+ OF OCk ONO3- (15042~ B Na+ OINHA+ O K+ IMg2+ BCa2+

¢) 2000 d) 2001

8.397

DF- OC DONO3 (35042~ @ Na+ [INH4+ DK+ OMg2+ B®Ca2+ OF- OCH CONO3- (18042~ BNa+ CINHG+ [K+ D Mg2+ B Ca2+
Fig. 4. The contribution ratios of annual mean ion concentrations (ug/m*) of PM,, (a) 1998, (b) 1999, (c) 2000 and (d) 2001.
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Fig. 5. Time variation of monthly mean ion concentrations (ug/m®) of PM,,, Jan. 1998-Dec. 2001.
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o) 57t Fobd 4= vk Fed A7 R #HZ 2

% 5% A= EAISH FFYe A% ZgE]
o, MnZ Aol del SE313 diiE d3
of EASHE Ni Nig ¥, B4k Ada
Aol AZtEolA iR ARt Zne oldE
AE A 2SS Bal] wlEE O B
o 1:].

FeAEEelEn 2FEA 7 ICP/AES)S =28
Zetzul AR 7|(ICPMS)E Na, Mg, Al, Fe, Ca,
Mn, Co, Ni, Cu, Co, Zn, Cd, Pb, U 59 14%9
ol BAFINY. 71719 ZAeHSkdrift) 2 WA
B (matrix effect)ys A A= WHL W 5(1995)
Are} FAsic) 3k BAA) A5 21FES Hris)
7] $15le] NIST EEEE 16463 A3t 7 ¥4
Sk vlE 7z} A zjole o} HWt¥oe=m oF 5.
10%4] 228915 Jehlith
AxHY BEHEE FEE Yolir] 5t Table

59} Fig. 6911 PM, 0l irEle] e &5A4E @

lo Az

1

M r 22 X0 ox

(s
==

1998-2001 (mean = 1G)

Year Mg Al Ca Fe Mn Cr Co Ni Cu Zn Cd Pb U
(mean = SD, pg/m’) (mean = SD, ng/m’)

1998 0.608 0.283 0.968 0.684 4304 20074 2977 0361 2913 38742 62.675 1.133 45.168 0.065
+0.595 +0.612 +2.049 +1.725 +7.071 +31434 £3.090 +0.546 +2.147 +0.207 +39.629 +0.892 +28.811 +0.124

1999 1.119 0332 1.045 0.636 0.638 20934 1.040 0443 3431 87.558 71484 1473 53.642 0.065
+1.162 #0.581 £2.163 +1.270 =1.188 +27.501 +1.819 +0.609 +2.007 =*6.155 +48.606 =1.036 £31.839 +0.089

2000 0982 0378 1359 0.697 0785 18295 0.163 0357 3.111 36.792 63.581 1421 48425 0.068
+1.118 0.760 +3.666 +1.158 £1.898 =+13.779 £0.301 +0.324 x1.559 x9.489 x37.783 =1.377 £30.974 +0.060

2001 1281 0412 1255 0783 0896 22390 1447 0516 4.017 31.155 79355 1.845 49.064 0.085
+0.933 +0.370 £1.712 +1.489 +1.245 +£39.104 +1.680 +0.678 +3.091 +9.157 +75.496 +2.151 +36.022 +0.074
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Fig. 6. Annual mean variations of metal concentrations (jig/m®)
of PMy,, 1998-2001.

Bag depd Aotk A #2717 B¢ FHHE
Pes=s 247 Na 1.00pg/m’, Mg 0.35ugm’, Al
116 ugm®, Ca 0.70 ug/n’, Fe 1.66 pg/m*o|t}h. 1]
I Table 50 Fv[3F F<(trace meta)2! Mn, Cr,
Co, NiZt Cu, Zn, Cd, Pb, UL 77} 2042 ng/m’,
141 ng/m’, 042ng/m’, 337 ng/m’, 48.56 ng/m?®, 69.27
ng/m’, 1.47 ng/m®, 49.07 ng/m®, 0.07 ng/m’e)t}. 4
4%2 Fe>Al>Na>Ca>Mg>Zn>Pb>Cu>Mn>
Ni>Cd>Cr>Co> U R RIS, Bl 719
Sh= Fe, Al, Ca, Mge] 7P 3A 713l s
719 E42 Na 94 & ¥=& 290 a8 ¢l
A2l 28 el 7108k Zn, Pb, Cu, Mn= =4 1}

BT Feg Al9jeh st B9l 482 Na, Mg,
24T

Ca, AIZ 1999d0] 7b8 Wtar vulad F484 (race
metal)2! Zn, Pb, Cu, Mn, Ni, Cd, Cr, Co, U&
1999 7P B& viERdtt. 28 5489 Hapt
Zlom Fe, Ca, Al HgHET} oF 2v) o|ite] HHxat
HoS Byt

7] & B4 AEY e WgRd wet ¥ &
Aot AlE AF Aol BER|H sAdzEAd B
FEE gh=r) F9 519992 AR el
o T9je] s} Wk ol AR W3le ul$-
sl & BH AFE Aol Balst 24 B
7t AEHE 7, 889 Na, Mgs AE vy
o] 747 A7 &l o8 A Yelsitiz s
o) FEHES BN o 234

o]t}

O
o

32 rlo oy rif o A
O E)O

.‘QD)J N
=

=78

F‘F

Table 6. Comparison of metal concentrations of PM,;, with

other sites

ei\:ri::;t Anmyeon Gosan'. Sobak’ Mallipo® f:::f;
Al 0.115 2.7 0.64 143 0.021
Fe 1.656 225 037 092 0.018

pg/m’

Na 0.998 2.18 022 310 52
Mg 0.351 1.205 0.85 0.57 065
Cd 1.468 1.4 0.64 0.55  0.0035
Co 0419 145 025 0.55 0.0076
Cu 48.562 645 5.1 468 0.044
Mn ng/m® 20423 54.8 14.1 226 029
Ni 3.368 8.1 1.98 2.50 -
Pb 49075 56.8 40.9 780 0.12
Zn 69.274 66.65 304 520 0.18

'Hyun e al. (2003) Gosan, Korea, 2Choi er al. (1995) Sobak,
Korea. Geometric mean concentration, *Choi e al. (1989)
Mallipo, Korea. Geometric mean concentration, ‘Duce et al.
(1983) Enewatek Atoll, North Pacific island.

EH7] %_ .‘:jL__/_'p_l_g.E_o,] __”:T_;r‘_% H]_)T_'s]J] ‘ﬂ%}oj X'”"Zr' al

Ah A e A7) BSA, S Bot ke, B
A EFE PM, AlE W 5559} Hdgn
(Table 6). AP AR A AA g F7Hi7H7]
HASAEA 1998~2001d 5 AEE Falo] AT
ot & vy AMEshs 2L Jleditiy Alggn)
FIA] A 43 B vARRAS Ehsie] 124
&R HFeEe UdAHY egdl v¢ist
S7F 7Fd &3 Na>Al>Ca>Fe>K>Mg>7Zn>
Pb>Mn>Sr>Cu>Ni>Cr>Cd>Co 22 el
. o)y 7o) FEAEEEE vlwshd vjAwA]
ol Cue ALElE Yz 4EL ik va) =
A vEReH 53 Als 238 o)A, Ca#t Mg, Co,
Cre 34 o4, Na, Mn, Ni 0} HTo] zlojE W
ROH Fe, Cd, PoF Zne AY HI= FEE Ug
Wk Ak v REAe TR 1986
~1996714] 2BEPAA S, AAdu), vlMlEZ B Ak
ZekEe] Avrt @ud] oFo] AW Aotk B A
To] #EZ710EE e AlolE Kelr) wEe) A
Fro® wwslr] Rk Ak AHde ok
FelEltke A EET 199337 111Y 59 nAE
2 NEE EAE A3} ebdrr) ke WS 9|
g AP E BEAo=E 3l B AAAK AlY] FE
= 5ol ol A UElET, Naol Exv 5H o4
ZHA e vt Bt 29ke) JFe] ave AL ¢
k. ehaEs AgFes 7 ¥k = ©l

2

[
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Fig. 7. Monthly mean variations of metal concentration of PM,, 1998-2001.

S YR EE vitiel Eke] Jgo] AdWE Hrl FA
e, B9 e MHE BT Na, Mg A%
2 ) ol FEE Rol o8 AR 10~1000
v} o)At ZL HEE Holil Ut

7] vHdR; ojgEEAd e A ARl wals B4
37| fleted YHFe Fig 79 YERIY. Naol 2A$
20003 790l 2918 pgm'E HNE Bow 84
o] 298] Nao} 72 AEAL F7]4L Holx] &
o} 19999 19-& AQdEH BdQ] 49 vt o
BS & 4 Q. oleisk B2 Mg, Al Ca, Fe
oMz FA Uebste™ MgeE Na % HH9
50% B=o] HHAN FEFE Holi, Cas Nad 2
v ol & FEHE HEolm HEI Hulgk 1999
3 199 Zbz} 1.859 pg/m’, 4.192 pg/m*S B ATh A
B 217 BEdolA 100% 7]198ke Aog 75shs
AlL 19993 499l 9.261 ug/m®, Fex= 1998 59
16.817 pgm’'E F444% & Hdleges Holw uldd

AE F3ke 229 o 7 & 714E sl dE
£ & 4 Aot vFFE HEQA M, Cr, Co 59 A
-2 ko] 57EA] Al vl 100~10000 B 22
FEHAE UERH 2 F7ielrt AE 4t
£ HsEds Holx ok FF F54E T Cu
Zn, Mno] & BRI S Holw, U2 AYdsH Co7t
1910 ngm’S.2 7% 22 v% B E zh=t} 4
ko] 739 Huka F(1995)0] AF3 AAZ & ph,
Zn, 22)3l Cuxs ZF AME] Hawkol A FARH
AP 9] ot 324 HER @t fok 2
gt 2 Aelale drb E9xe]l 52 FE (Loess)
A} 2 22 (Ordos), EFEEFRH(Taklamaken), 37H]
(Gobi)e} 71 APA|ZRE] 459 AEZ|FE el
A7) olFEoe] & AR} FYFY W St
o] YR8 o] FoL} A 2H U] Fgo]
e #& AH9 ojFo <lsl ©§ s 724
HANE o2 ARHAGEEE F, 1993; A9+ T,
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1995). ol& et gl A7 F Aok
Ho| o] Fgo] 73] sk APFYE u o
B4 7190] opAo} thFelM BMFI T olFsh=
FAke A doke A+AAS} fARHF et
(Uematsu et al., 2002).

715 S48 V1de ) gt e 2ole
W F WPIR THARE Aol vasie W
. 5512 enrichment factor, EFy= 2z} 7]
4 ANEEZ Y 59 FE HE&L Altstd &
°<}7l-?:l% P48 7ol Nad AME-3tal B9
W= AR ARESI] AR sEHEEN B
Zolct. & AroMe 719 AR FHoF Al
St ofgf 23 o] FEJRE ARSI

Wl F oy &
7l & Al =
Az e i FEEE

Xzt e] Al FE

=24
et %E

FEAAHEF) =

AlZ o] 8310 &S 2548y FEAA ol A
Al R <191A gl 94 3] 7]Q1gt Edolv, &
20249) gro] 3~5¢] 7RE 1 AdEe 719le] 719
AAE&T FARE A6l 71908 Zoli 10 oj3le]H
qF e EYEA 249 wske}l dAsle dyEol
AL A 10 o3 ASE AYH 299 el
I AHY 2(2003)0] Lo}%iv}. o] AqtellME A
2] 5(1999)0] AMEE Wl BYsA 19649 Taylor
7t A Azhel o] UE 92F9] 2594 F
THE o83l FEJAE Fekdh

Table 73 Fig. 8olMe 7 F4A4EYE F3<1x19
WHEEE EFEAE el 550A1] Haol
Azt Agaiel A9 wisgt 1-3 OIEFE UeRd Mg,
Ca, Fe, 287 Cr, Co, U tHE EY 7]9e 7o
o, olziglo] w-$ & Cu, Zn, Cd, Pb 52 ¢19}%¢l
LYEH] Bk t7] S B350 e Ao

10000.0 I
©1988 1990 4 2000 X 2001
1000.0 * % :
_ 1000 §( 4
o i
g !
TS ° !
- O H
5 9 ]
10 ¥ % xx x X
c.1
Na Ma Al Ca Fe C Co N Cu Zn Cd Pb U

Fig. 8. Annual mean variations of crustal enrichment factor.

2 Bt &3] Naxs #5H] 5(1989)4 Arimoto
et al.(1989)2] A3} vEIAR s ey} ek
Me ZA YeRt sl 7klshe 229 & 5 3
o 223l 7] Fdl w5 Hol e EFES v §
o] Y whelEuh ek Ak Tl Al 2
Z 9@ v 2-51 A= FZA YeRaL ik o A

=
o] ¢kl Hall = FHITE ol Rk &
RE A o olg FHAEL FHoHEYeRRY
P (=]

poll G Ve & 5 Aok T o5 A
S uR APl Egso] e B %
ot EgYUAe ol Bold

Sgio] HMsl) o A

JeRdAl e} saeRe of AR

&
?'ﬂ:

HLJ

2
k=)

&
oo
i o

tARIA] ol TR LHEAY 2HYS FHsR=
wWdle 45713 ARE olgsle] A3 (backward
trajectory)stA kA 2T (SPSS, SAS F)& ©l&
sk WY Sol slot B AfeAMe SAFH W
< o|g3le] 9HYUE AN Garenstroom et al.
(19773 Olsen er al {1990y wMHAS] 3RS
BA 22038 o]g3le] aAEME ANE HdAE
A FRE FEE oF B 7ldSs Ay
o AA, MY 7199 AE EHE Nat2A CI

Table 7. Annual mean and standard deviation of crustal enrichment factor

Year Na Mg Al Ca Fe Cr

Co Ni Cu Zn Cd Pb U

4.26 1.17 1.00 1.17 1642 497
+539 =084 =000 =037 +37.04 =9.60

1998

141 611 15407 15448 871.04 65995 149
+0.82 537 +238.13+154.82 +713.95 72993 =*1.16

799 1.59 1.00 1.38 1.00  0.85
mean +23.50 280 =000 =080 x024 =+1.17

1999

208  6.87 23936 14548 1066.89 64208 2.66
+3.49 1479 £372.95x300.72 +1617.51 £1167.96 +4.19

1o 464 1.29 1.00 143 098 0.28
+445 056 +0.00 =+0.68 +0.17 =+0.60

2000

173  6.02 101.19 125.14 91386 48547 292
2207 x10.59 £215.73 £180.75 154627 +661.52 +4.02

6.58 1.57 1.00 1.18 1.05 1.12
+8.86 +1.13 +0.00 0.33 =020 093

2001

1.57 440 5003 8975 72020 33933 292
+1.79 425 6825 £91.26 77290 +384.36 +3.37
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Table 8. Correlation matrix for water soluble ions and tracer metals in PM,, collected in Anmyeon-do (sample no.=260)

Mass CI© NO,” SO Na* NHs K" Mg* Ca* Na Mg Al Ca Fe Mn C Co Ni Cu Zn Cd Pb U
Mass 1.00
CI 036 1.00
NO;™ 0.31 -0.12 1.00
SO~ 033 0.04 0.68 1.00
Na* 039 0.91 0.00 020 1.00
NH," 0.32 -0.22 0.72 0.67-0.16 1.00
K* 034 028 052 0.71 041 043 1.00
Mg* 043 0.87-0.02 0.16 0.84-0.13 0.45 1.00
Ca* 0.65 0.67 0.07 0.18 0.62-0.03 0.30 0.74 1.00
Na 029 0.71-0.16 0.00 0.68-0.23 0.24 0.74 0.38 1.00
Mg 049 0.53-0.09 0.01 0.50-0.14 0.14 0.55 0.50 0.73 1.00
Al  0.56 0.52-0.05 0.03 0.48-0.11 0.14 0.52 0.57 0.63 0.97 1.00
Ca 058 0.57-0.05 0.05 0.53-0.11 0.16 0.58 0.72 0.61 0.88 0.89 1.00
Fe 0.60 0.54-003 004 0.50-0.10 0.15 0.54 0.64 0.62 0.96 0.99 0.93 1.00
Mn 055 054 003 0.10 0.50-0.04 022 0.56 0.68 0.56 0.78 0.77 0.94 0.82 1.00
Cr 0.10 025 001 0.00 0.23-0.09 0.14 031 0.22 0.30 0.49 040 0.52 042 0.60 1.00
Co 057 058 0.04 0.09 0.53-0.05 0.21 058 6.71 0.57 0.80 0.81 0.95 0.86 0.96 0.55 1.00
Ni 051 023 050 0.33 025 0.36 0.32 0.28 0.45 0.19 0.42 0.46 0.57 0.5[ 0.65 0.36 0.69 1.00
Cu 003 001 022 0.39 0.15 0.13 0.24 0.01-0.03-0.06-0.07-0.06-0.07-0.06-0.05 0.00-0.04 0.11 1.00
Zn 023 -0.04 0.55 036 0.00 0.41 044 0.06 0.09 0.00 0.04 0.05 0.09 0.08 0.25 0.19 0.21 0.67 0.09 1.00
Cd 004 0.10 020 0.16 0.09 0.17 0.30 0.14 0.05 0.13 0.06 0.05 0.05 0.06 0.14 0.10 0.12 0.37 0.04 0.60 1.00
Pb  0.13 -0.03 0.32 0.34 0.00 0.28 040 0.06 0.07 0.03 0.05 0.05 0.07 0.06 0.18 0.14 0.15 0.41 0.08 0.71 0.60 1.00
U 0.05 -0.04-0.09-0.08-0.04-0.09-0.12-0.09-0.05-0.05-0.06 -0.06 —0.06 —0.07-0.11-0.08 -0.08 -0.11 0.00-0.15-0.16—0.21 1.00
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Table 9. The results of varimax factor matrix in PM, collected in Anmyeon-do for (a) total measurement periods, (b) yellow

sand case
() (b)
Factor Loadings (Varimax raw) Factor Loadings(Varimax raw)
Variance Extraction: Principal components Variance Extraction: Principal components
(n0.=260) (Marked loadings are >0.7) (no.=15) (Marked loadings are > 0.7)
Factor 1 Factor 2 Factor 1 Factor 2
NO; -0.093214 0.751937 ar 0397853 -0.620273
o 0011746 0653871 NO;~ 0.899697 0.105301
¢ : : SO -0.071866 —0.654851
Na 0.707279 -0.086733 Na* 0.668902 —0.384347
Mg 0.948821 ~0.040286 NH, 0.898255 0.079071
K* -0.418734 -0.577763
Al 0.935817 -0.017611 Mg 0.927757 —0.110168
Ca 0.969270 0.039774 Ca™ 0.942011 0.067756
Fe 0.956547 0011702 Na 0.905781 -0.221613
Mg 0.570809 0.619613
Mn 0.916791 0.190873 Al 0.645575 0.588802
Cr 0.572651 0.139171 Ca 0.756621 0.383447
c 0.933056 1056 Fe 0.869433 0.369859
© ' 0.17 Mn 0.837424 0346326
Ni 0.539000 0.675081 Cr 0.214907 0.737148
Cu ~0.099721 0.299679 Co 0.868432 0.355878
Ni 0.817231 0.265202
Zn 0.087961 0.873885 Cu —0.081384 —0.175706
Cd 0.067829 0.633501 Zn 0.065718 0.449523
Pb 0.057758 0756474 Cd —0.292775 0.319670
Pb —-0.146052 0.413370
U -0.071866 -0.239493 U 0.362721 0.717437
Eigen value 6.499884 3.429343 Eigen value 9461132 4.273750
Fraction of total 0.406243 0214334 Fraction of total 0.430051 0.194261
variance variance
10,7

Ratio

a NO3 S042- Na+r NHA+ K+ Ma2+ Ca?  Na Ma Al Ca fe Ce Co Ni /n Cd P u

Fig. 9. Comparisons of water soluble ion and metal concentrations between yellow sand and non-yellow sand periods.
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Table 10. Correlation matrix for water soluble ions and tracer metals in PM,, collected for yellow sand periods

CI' NO; SO, Na* NH;* K* Mg” Ca®* Na Mg Al Ca Fe

Man Cr Co Ni

Cu Zn Cd Pb

cr 1.00
NO;, -0.26 1.00
SO 050 047

Na~  0.98 -0.21
NH," -0.50 0.69
K* 0.90 -0.08

Mg® 097 -0.23
Ca*  0.80 0.04
Na  0.71 -0.49
Mg 055 -0.34
Al 0.65 -0.25

Ca 0.72 0.22
Fe 0.71 -0.23
Mn  0.12 -0.21

Cr 0.78 -0.25
Co 0.68 -0.08
Ni -0.12 0.73
Cu 0.03 0.06

1.00
0.55 1.00
0.16 -0.51 1.00

0.69 0.89 -0.30 1.00

0.59 0.98 -0.48 0.93 1.00

0.76 0.79 -0.24 0.92 0.86 1.00

0.08 0.69 -0.69 0.52 0.64 0.30 1.00

0.16 0.55 -0.60 0.50 0.57 035 0.78 1.00

029 0.64 -0.53 0.65 0.66 0.50 0.74 0.96 1.00

047 0.70 -0.52 0.69 0.76 0.73 0.62 0.80 0.83 1.00
037 0.70 -0.54 0.73 0.75 0.61 0.71 0.94 0.98 0.89 1.00
-0.01 0.12 -0.35 -0.04 0.14 0.02 0.38 0.55 037 0.58 0.39
042 0.75 -050 0.70 0.81 0.72 0.63 0.69 0.70 0.94 0.78
0.48 0.66 -0.32 0.65 0.74 0.71 048 0.58 0.59 0.88 0.70
0.15 -0.07 0.29 -0.t6 -0.16 -0.14 -0.09 -0.09 -0.10 -0.10 -0.11
0.25 0.02 0.08 005 006 0.12 0.10 0.14 001 027 0.07

1.00

0.59 1.00

0.59 0.96 1.00
0.16 -0.06 0.03 1.00
0.62 031 044 0.07

Zn 0.01 -0.27 -0.15 0.02 0.03 -0.07 -0.05 -0.21 0.24 -0.17 -0.24 -0.28 -0.26 -0.17 -0.26 -0.26 -0.16
Cd  -0.04 -0.12 0.17 -0.04 0.12 0.00 -0.05 -0.02 0.16 -0.01 -0.10 0.02 -0.10 0.23 -0.03 -0.01 -0.08
Pb 0.27 -0.37 0.08 0.26 -045 0.14 031 0.18 0.45 0.56 040 0.67 045 092 0.73 0.71 -0.04

1.00

0.28 1.00

0.62 0.75 1.00
0.56 -0.15 0.23 1.00

Mg, Ca' B AR U] F)shs ARl 4

u]__q}_ o) gAY |7F & EWr|Ye] A
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