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Characteristics of Inorganic Components in Fine Particles
Collected at Chunchon during the Springtime
Yellow Sand Occurrence Period in 2002
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ABSTRACT

Yellow sand (YS) storms were observed about ten times in the Korean peninsula during March and April in
2002. Twenty four hour fine particle (PMas) samples were collected onto the 47 mm Teflon—-coated quartz fil-
ters over 9 days during and after the events using the MiniVol Portable Air Sampler at a flow rate of 5 liters per
minute. The highest PM»s concentration measured during the YS period was 289 pg/m?, which is 13 times
higher than the lowest of the values for the samples collected during the non-yellow sand period. The filter
samples were analyzed for inorganic ions using the IC, AAS and Autoanalyzer, and for metals using the ICP-
MS. The results showed that the concentrations of some inorganic ions (e.g., Ca®>* and SO.?-) and metals (e.g.,
Fe, Mn) of soil origin were elevated during the yellow sand events.
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FHAHEED, yellow sand == HE)EE 3k 21 ehab AlatelA F2 0Asie, HAE)] 9sle] &
e Z2 3% 259 FeAtdd uiddl st o ek 92 % Yt S dike mHE Aes
3l ol Bo] ezt wAE maHx|s dl7) seotmg 31 glvh (Duce ef al., 1980; Iwasaka et al.,
Foll FAtse] S Dozl MM A38e 1983; Murayama, 1988; Chung and Yoon, 1996; Lin,
A} = Zhskele 2ewiAlE wakd 2001). 423} ZElF(1991) 97)e oﬂsq 27
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2002 ol AL EASIER 2E FelA 3
4 21,2293 49 8,9, 170, 183 AP} w
AR & 25 FolA 39 279, 49 4,244
59 99 BF ofF Aol AA 7= 4o 9
AShz Qe AL Adsa s 253 54
(A oF 15SmyellA A aE HF3 AHS
¥ EAAF 7= AirmetricsAF2] Portable MiniVol
Samplergd o™, 5 L/min2] H-408 24A17F E<h
PMysE At g A A" FE:
2173 47mm2] Teflon-coated quartz filter (pore size
0.4 um, GelmanAPh 1, Al AFH o] "€ AH o]
Bl 48417 ol4t B WA F L 24
stdct. A7 Ta" F AEY] #AE A &
petri dishol] do] —18°CellA RIs}l]om, 15 o]
A7) ool o] F A ol F

& Ryl Hale] 2435,
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Fol0leE ¥R Ad) Wos AL o4AE
40mLe) viale] Wi, o37]o] 10mLe) 2R 7}
@ % 289 AANE olg5d Lol 247
9t F23}9} 32942 lon Chromatography
Acrodisc 0.2 um HE (GelmanAPE B A7 Zof
F-,CI",NO;™ ¥ SO 59| -§o]&2 o] Zzn}
EI1#H = (IC, MetrohmAhZ, Nat, K+, Mg?+ g
Ca?t 59| ofo| 22 UAFH3 =4 (AAS, Perkin-
ElmerAh 2, 28] 3 NHy = $2A 2554 7] (Auto-
analyzer)2 £43}9ic}. Table 1-3¢]|= IC, AAS ¥

Table 1. Analytical conditions of IC

IC Metrohm, 761 Compact IC
Column Manufacturer Metrohm
Model Metrosep A Supp5
Length X ID 150 mm X 4.0 mm

Eluent 3.2mM NaCO3+ 1.0 mM NaHCO;
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Table 2. Analytical conditions of AAS

AAS Perkin Elmer, 5100PC
Gas CoHa+Air
Cations Ca?* Mgt Nat K+
Wavelength (nm) 4227 2852  589.0 766.5
Slit (nm) 0.7 0.7 1.4 0.7
Lamp HCL' HCL HCL HCL

"Hollow Cathode Lamp.

Table 3. Analytical conditions of the autoanalyzer

Autoanalyzer Bran+Luebbe, AA3
Detector AAII Colorimeter
Wavelength (nm) 660
Sampling rate 50/hr
Sample : wash ratio S:1
+AREEA7Y BAZAE eh sl
3. 25 & 24

ol 7}R)e] Z<+ AJ¥-(As, Ba, Cd, Cr, Cu, Fe,
Mn % Pb) ZH7b) @ 13} 2E89 (5= 1,000
mg/L)& 1mLA #H3] 100mLe} %3] Zepszo)
Y1 60% A4 1mLE 7} & Z2H52 100mL
A AN 23 wEeNE AzsH o] o 2
49 FEE 200ng/mL7} HE2 315, olz
B 949 waE A8 ARue FRsle.

24 4Be 3237 U9 120mL B9 Tef-
lon PFA 4-7]¢]l te 2 212 HEl g Yu 5% 2At
g0 10mLE 78 £ 158 E%} microwave
oven (Howard Industries)ol|l A F&slgdoh (221
21: 100% power for 5 min — 0% power for 5 min —
100% power for 3 min). $ZE-2 Ton Chromatogra-

phy Acrodisc 0.2 um HEj & 73t & ICP-MS=Z
245k oh
HE] 2] FHEe] 9l F4] wiA =g

274817] S5k o] A BAE (blank)E #Ae}
Aem, A AY BEY) 274 EFL 02mLE
spikedt & 5% A8l 10mLE 713 &= 99} £
U wpgen Ho), BHste Apss ANsd
o ulel AY o sl4e 2d AR As 3
FEE AT @ 247 fa AeE .

ZFAo A 2002\ B-H A} A7 ZH

ot AFE wlA2A F FrAARY BA 335
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Table 4. Concentrations of PMs 5 collected on Teflon-
coated quartz filter for 24 hours using the Portable
MiniVol Air Sampler

PMzs Temp.  Rel. Wind ~ Wind
YS Date conc. o - speed direction

(rgimy (O MY gy )
o 321 221 8.9 433 44 SW
o 322 75.3 7.5 34.5 3.7 SwW
X 327 221 9.5 54.0 1.0 SW
X  4.04 355 124 40.5 1.1 NE
o 408 289 10.1 39.6 32 SSw
o  4.09 96.4 7.7 46.5 2.6 SSwW
o 417 263 115 324 4.0 SwW
X 424 239 122 42.6 2.8 SW
x 509 324 182 67.4 1.1 SwW

#at 9 o

1. 7|42

FA A GelA 39 4o Fabr} B A
7)ol #AABE AFAR do FFS SW

Qon FL£L2 26~44misE B|WA 7}

o} wbdHel bl wAElA] ot 717k &

A8 AHE Fo] T3 44 44 (NE)E A 93}

X SWolgl _ﬂw} 220 49 24919) 28m/s

5 AYstE 1.0 == 1.1 m/s=2 828 o) A

2 AL %E% 59 994(182°0)& Al9jshd

7.5~124°Cx & WEs eixe dsgted, A

W& el 32.4~67.4%2) B = Jehl o (Table

H

% %‘—E—t— AL AT F AT LK F
A dejo] Zegkow wl 7S A3} T

2 vhpo] AAbsRlvt (Table 4). #HAL7}
oa-g: o PM,s9) 5 263~289 pg/mi=
W HAE L}E}‘H%‘t"ﬂ% Zo}7k-2- 96.4 pg/m3e)
App A sl okl dell AHA
PMzAs% 22.1~35.5 ugmz 2 HEe vehhA|
wer Tkt 282ug/mel et mhetbr hAb
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4 B% F /P 3 gl sl 22 13
=9ttt Bl v v7E el 2% PM,s &

(i3
o
iy

v

oA
T 54

ot

o5



336 J. ENVIRON. TOXICOL.

=9} whAEA] okl de] HxZ SPSS (version
10.0)Z o]&3}le] B]®4 A% (Mann-Whitney 2
U)oz vmat A} 5% Fol4Follr o7}
AU Aoz vfepydtt (p — 3H=0.050).

el A F 2ol Bof AL WA Bk A
" E3L F2 TSPY PMel= 2 ojwlof] &3t
PMys 529t AAA oz vlwsr)s oo 13
ARE 199349 49 Mg, ¥Ah A7 Y S el 3
AR BA 77} wpEA)7)3E gl High Volume
Air SamplerE A}£3}e] AFH3 TSP2 HFE =
T 47 3473 154 pgimPE #ab A 7|zE Fhel]
2.3u) F7hsk Aoz vepddl(o]rlE F, 1993).
2 A7l AT g M2 8oy A
AL WA el S Fxrb oF 34w Z7)seq
At o <l plAER1e] Fxrt =ZA 7}
e S o ek

Table 5. Method detection limits (nug) and recovery (%) for
nine inorganic ions

Ions MDL! Recovery? lons MDL Recovery
F- 0.62 90+2 Na* 22 101 +4
Cl- 1.0 95+1 K+ 1.1 98+0
NOs;~ 035 9413 Mgt 042  95%4
S02 1.5 1002 Calt 42 912
NH,* 2.7 79+5

'Determined based on the amount of each component measured for
seven filters onto which a mixture of standard compounds was
spiked.
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F7le]& FolM &ol2 F-, Cl, NO;~
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gt el ZAAASE 09994 ojAto = wl$-
A S5 A
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Fig. 1. Comparison of the concentrations of inorganic ions
between the yellow sand period and the non-yellow

2Mean + standard deviation (n=3). sand period.
Table 6. Concentrations of inorganic ions (gLg/m?)
Sampling Cations Anions

day Na* K* Mg2* Ca*  NH* E- cr N0y~ SOg-
31 0.41 0.56 0.17 22 0.53 0.20 1.1 1.5 2.8
3.22 0.80 1.1 0.062 0.30 0.25 0.062 0.90 0.91 0.66
3.27 35 1.5 0.018 0.28 0.92 1.2 22 1.5 2.6
4.04 4.1 4.0 0.28 0.88 1.8 0.96 1.7 5.5 2.1
4.08 0.058 0.21 0.13 1.5 0.61 0.18 0.67 1.2 22
4.09 1.4 0.85 0.12 0.50 0.57 0.076 1.3 1.6 2.0
4.17 0.39 0.52 0.017 0.26 0.34 0.13 023 1.3 1.5
4.24 2.1 0.97 0.046 0.28 0.52 <MDL? 0.86 1.1 1.9
5.09 0.74 0.57 0.12 0.65 0.48 <MDL 0.34 1.1 1.3

Yellow sand occurrence day.
ZBelow the method detection limit.
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of A& 7
At
kel FolM Natgl K+ w=& 37t A
3t okl el 283 o wx7l ol A7 33
P22 A dehgen), Mgte 79 zel7}
2190} (0.49 vs. 0.46 ug/m?). Wi He) Ca’te] H ==
A} oz st F=7h 238 FTRIG &
o] & FelMe AL Loz s SOL 9 F=
7b g F7H1. D E A& ASfshd, v A Sl
L5 FTEE 239 o @ B BAFU
°]3} 7o A 19889 8E 1991l ZA A
2ol|A] TSPell disf A3 A} (A2 237,
1992) b= b2 ATE vepleh 182 ATl
T Ca?te] F=(1.39) ¥xF opdsh Naf, K+,
Mg?™ 8l NHs* 529 o8 <fo]29] s=x &4}
2717 kel F7hslsd e, SO gt ohet
NO; 9] 3 Fx=x A A7) el < 15
W2 o= vepRdeh =3 19999 1o A

% sl o

ot
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Table 7. Mcthod detection limits (ng) and recovery (%) for
metals measured

Metals MDL! Recovery? Metals MDL Recovery
As 1.9 86+1 Cu 101 11116
Ba 144 =3 Fe 181 708
Cd 1.5 89+2 Mn 9.5 95+2
Cr 17 95+4 Pb 38 1011

Determined based on the amount of each component measured for
seven filters onto which a mixture of standard compounds (2 ug for
each) was spiked.

2Mean =+ standard deviation (n=3).

3Not determined.

Table 8. Concentrations of eight selected metals (ng/m?>)

sdel AR wHEA 5 TR 54 337

At

g ZA} 71 7F Fetell A]-&ellA] Cascade ImpactorE
*}—9'3}"4 A F w23 F F7]o]2el 3l
2A3 AT (Kim et al., 2001)A A= Mg2+el Cl-
Z A 93 NHyt (1.3 vs. 0.9), K (0.1 vs. 0.5), Ca’*
(0.1 vs. 1.0), NO3;~ (0.5 vs. 1.2), SO4>" (2.4 vs. 5.9)
59 =t A AT kel ¥ FUh A
o2 VRl o] A A}l Zels vEhie
AL TEAor FA A7) A4t ga2r] W
d Aoz AAHAEL 1 o]z o] AFelX=
% 93 (i As = 43)ell A AEE AF3te] 2
ozl Ag Mt B WiAF=rt S83] O
AE R A = U B FRE o E 9
M doz v g A7) olFelHer # A

ot 715’%{{}71}% Aol wet w2 Z}"]E ‘/]’E}
1.5ngoll A58 Fee] 74 181ng
742wl B‘-r]— e ol 041]1—1“3 247}
o] & AR gpikedle] ZAF 54582 FHA
700N 2E 2T 111%77] 2Lz2 weld.

34 4 A7} (Table 8), Ba®] 79l At
7} At EAR o) EE 2113]6}?3 2T A&
g4 olatgich Cr, Cu E Mne U2 Azl of
sto] HEFHA o]3tl L, A F4<l As, Cd, Fe
Y Pb-Z 2E AReiA AEHA

Sa‘gg;‘“g As Ba cd Cu Fe Mn Pb
3.21 6.22 91.7 254 9.25 25.7 5726 176 58
3.22 1.79 <MDL? 0.487 0.116  <MDL 1703 50.0 134
3.27 3.05 <MDL 2.00 221 19.8 236 <MDL 25.7
4.04 251 <MDL 3.46 322 122 834 <MDL 443
4.08 3.99 38.4 0.492 6.01 62.7 6759 224 30.0
4.09 2.60 <MDL 1.80 222 9.73 2256 643 50.4
4.17 5.64 <MDL 210 <MDL  <MDL 531 0.0581 12.4
4,24 3.28 <MDL 11.6 <MDL 0.925 229 <MDL 103
5.09 13.1 <MDL 12,6 14.0 592 206 123 495

Yellow sand occurrence day.
2Below the method detection limit.
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Fig. 2. Comparison of the concentrations of As, Cd and Cr
between the yellow sand period and non—-yellow
sand period.
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Fig. 3. Comparison of the concentrations of Cu, Mn and Pb
between the yellow sand period and non—yellow
sand period.
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g el sk B del uls A 149 39
W) A epdeh 2RA % Mo} Fed BAh 24
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Fig. 4. Comparison of the concentrations of Fe between the
yellow sand period and non-yellow sand period.
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