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Abstract

Recent epidemiologic studies revealed that the concentration of air pollutants and fine
particulated matter have some effects on health status and are associated with increased
mortality and morbidity. The purpose of this study was to characterize background mass
concentration of fine particle (PM25) and metallic composition from September 2001 to
August 2002 in comparison with a medium city, Asan and metropolitan city, Seoul.
Conclusively, proper management for fine particles was required in a medium city, Asan,
considering the concentrations of metallic elements in fine particles in Asan were relatively
higher than those in Seoul. The results were as followed.

1. Average mass concentrations of fine particles in Asan and Seoul were 37.70(+18.41 ug/m’)
and 5.83(+3850) pg/m’, respectively. When the weather conditions were classified as normal
and yellow-sand, measured average mass concentrations of fine particles in yellow-sand
weather condition was significantly higher than those of normal weather condition in both
cities (p<0.05).

2. Depending on seasons, measured average mass concentrations of fine particles in Asan and
Seoul in spring were 47.76(+19.07) pg/m'm and 61.53 (£4.37) pg/nt, respectively. In summer,
the average mass concentrations of fine particles in Asan and Seoul were 29.44(+9.85) ug/
m and 25.42(+8.10) ug/m’, respectively. Especially, the concentration was the highest in
spring and the lowest in summer among four seasons.

3. Average concentrations of manganese(Mn), iron(Fe), chromium(Cr), cadmium(Cd), lead(Pb)
and silicon(Si) in fine particles in Asan were significantly higher in Seoul (p<0.05).
Average concentration of Si in fine particle in Asan was statistically higher than that of

Seoul during yellow -sand condition (p<0.05).
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4. Considering the characterization of four seasons, average Pb concentration of fine particle

in Asan is significantly higher than that of Seocul in spring(p<0.01). In summer, average
Mn and Cr concentrations of fine particle in Asan is higher than those of Seoul (p<0.05).
Average Mn, Fe. Cr and Si concentrations in fall (p<0.05), and average Mn, Fe, Cr, Pb,
and Si concentrations in winter (p<0.05) in Asan were higher than those of Seoul,

respectively.

5. Mass concentrations of each Mn, Fe,

Cd and Si in fine particles were significantly

correlated with both cities. In normal weather condition, Mn, Cu and Si concentrations are
statistically significant in Asan, while Mn, Fe, Cu and Si concentrations are statistically
significant in Seoul. Mn, Fe and Si concentrations in both cities were statistically

significant during yellow-sand weather.
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Fig. 1. MiniVol portable sampler.
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Filter into microwave vessel

l

Adding HNOs(1.03 M) + HCI(2.23 M) 10 m¢ in the vessel

|

Heating the microwave oven with 546 W for 10 min, 344 W for 5 min

l

Cooling the vessel

Fig. 2. Pretreatment of samples using microwave.
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Table 1. Concentrations (pg/m’) of fine particles (PM25) in normal weather and

conditions in Asan and Seoul

yellow sand

Asan Seoul
n MeanzS.D. Mean+S.D. o
(Range) (Range)
.. 58.33+22.99 92.20+54.32
Yellow sand condition T (10~808D) T (5903~20801) 0225
.. 34.42+1550 32.31+£17.85
Normal weather condition 44 (13.43~99.07) 24 (278~8750) 0.376
Total 51 37.70+1841 31 458313850 0.785
o 0.009™ 0.000™

pi(p-value) : Mann-Whitney U test between concentrations of particles of Asan and Seoul
p’(p-value) : Mann-Whitney U test between concentrations of particles of yellow sand condition and normal

weather condition

pg/mt, AF 2044(x98)ug/m’, 7+ 39.19(£24.57)
e/, AE 3B78(21262ug/m'e] FEE 74z o
elgon, AMgAlY AddE HPEFEE B 6153
(x43Npg/m’, & 2542(x810)ug/m’, 7+ 4560
(£53.30)pe/i, AL 4292(£3149ug/m'e] FEE
747 ZAEATHE 2). BHY $57F F A9 =2
T =4 vehgorn AMgA7t BASHOE f9

Concentration(ug / M)
g
a

T
Yellow sand condition  Normal weather condition

Asan

0O Mcan
* Minimum
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Concentration(ug / ')

T T
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Figure 3. Concentration (¢g/m’) of fine particles
(PM2.5) in normal weather and yellow
sand condition in Asan and Seoul.
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Table 2. Seasonal concentrations (zg/m’) of fine particles (PM2.5) in Asan and Seoul

Asan Seoul
i, MeantS.D. N MeanS.D. P’
(Range) (Range)

. 47761907 6153437 .

Spring 13 (20.14~89.81) 5 (58.10~68.75) 0026
20.44%9.85 95.42+8.10

Surnmer 12 (1343 ~46.06) 2 (1969~31.15) 0.584
30.19+2457 45.60+53.30

Fall 13 (14.12~99.07) 12 (13.89~203.01) 0430
33.78+12,62 42.92+31.49

Winter 13 (1898~71.30) 12 (2.78~126.16) 0231

N 0.017" 0.082

p'(p-value) : Mann-Whitney U test between concentrations of particles of Asan and Seoul
pb(p-value) . Kruskal-Wallis H test between concentrations of particles with regard to season
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Fig. 4. Seasonal concentrations
metallic  elements
(PM25) in Asan.
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oA A ZHE FEAE F T, H, = % A4#E YeRATHTable 734 Table 8).
Table 5. Correlation matrix among metallic elements in Asan
As Mn Ni Fe Cr Cu Cd Pb Zn
Mn -0.3017
Ni  -0.127 0.505"
Fe -0273 0594™  0.0338
Cr 0217 0392 0581 0088
Ca 0147 0.277 0681  0.087 0.752"
Cd -0.002 0533"  0538" 0328 0.342" 0.424™
Pb 0.168 0.135 0217  -0.084 0.19% 0.283° 0.540™
Zn  -0166 0.263 0.488™  0.064 06557 0866  0469™ 03617
Si 0181 0505™ -0.143 0905" -0079 -0133 0.297 0020  -0.052
" p<0.05
“p<0.01
Table 6. Correlation matrix among metallic elements in Seoul
As Mn Fe Cr Cu Cd Pb Zn
Mn -0224
Fe -0.154 0941
Cr -0.002 0.602™ 0.628™
Cu -0256 0.2838 0.064 0.086
cd  -0441™ 0.826™ 0.712™ 0.453" 0.586"
Pb -0.250 0.457" 0.161 0.111 0.780™ 0.634"
Zn -0.286 0.298 0.082 0.077 0.993™ 0614~ 0.772™
Si -0.146 0.882" 0.982" 0.590" 0.043 0675~ 0.070 0.067
" p<0.05
“p<0.01
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Table 7. Correlation matrix among metallic elements in normal weather condition in Asan

As Mn Ni Fe Cr Cu Cd Pb Zn

Mn -0.240

Ni  -0.206 0.709™

Fe -018 0.382° 0501

Cr -02A4 0525™  0576" 0446~

Cu -0213 0416™  0674™ 0565 07627

Cd 0.047 0478™  0618" 0228 0388 04827

Pb 0.158 0.155 0226  -0.183 0.210 0.278 0568"

Zn -0225 0.362" 0488™  0.381° 0679 08" 0513 0343

Si 0.172 0.087 0.270 0.247 0.206 0.333° 0.270 0.197 0.326
* p<0.05, “'p<0.01
Table 8. Correlation matrix among metallic elements in normal weather condition in Seoul

As Mn Fe Cr Cu Cd Pb Zn

Mn -0.292

Fe  -0.291 0.954"

Cr -0.047 0.216 0.282

Cu -0266 0.827™ 0.789™ 0.156

Cd 0476 0.796™ 0.830™ 0.188 0.730™

Po  -0.223 0.917" 0911™ 0.172 0.816™ 0.748™

Zn 0274 0.826" 0.789™ 0.152 0.999™ 0.729" 0.813™

Si -0.283 0567 0.474" 0.0% 0.804™ 0.428" 0.454™ 0.811"
* p<0.05, “p<0.01

alrae] FEAE FTBAL Table 99 Table
109 Mg A9t opAbAl® B EAslg) o}

AANA EHE B4 F 93, W, H=F, Fa%t
AgAS Bol AZ F%

A BRow de

Table 9. Correlation matrix among metallic elements in yellow sand condition in Asan

As Mn Ni Fe Cr Cu Cd Pb Zn

Mn 0553

Ni 0987 -0.4%

Fe -0619 0986™ -0573

Cr 0.149 -0.476 0.183 -0.452

Cu 0.582 -0.342 0.631 -0.493 0.035

Cd -0397 098" -0.305 0.908™ -0.406 -0.112

Pb 0.613 ~0.227 0.625 -0.371 0.118 0.858"  -0.059

Zn 0.542 -0.257 0.5%4 -0413 -0.040 09%™ -0.030 0.859"

Si -0.586 0.983" -0541 0999 -0439 -0.503 0907 -0.369 -0.425
® p<0.05, "p<0.01
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Table 10. Correlation matrix among metallic elements in yellow sand condition in Seoul

As Mn Fe Cr Cu Cd Pb Zn

Mn  -0405

Fe -0.332 0.963"

Cr 0.211 0.753 0.820"

Cu -0300 0.345 0.128 0.114

Cd -0594 0.890™ 0.800" 0573 0.636

Pb -0.386 0134 -0.075 -0.190 0.923" 0.473

Zn  -0416 0.376 0.169 0.105 0.984™ 0.703 0.908™

Si -0.325 0.943" 0.998" 0.820° 0.084 0.775° -0.128 0.128

* p<0.05, “p<0.01

T8, old® e A#E YeEAL A4
Ae 47 3, FlER, 147 A2 fos A4S
BRew v T, ofdd o AHE B4
3, AFS E, 749 FHE BY o JdF
Al Jeld 29 B35 d5(source profile)S X
| H 747l EGUA F2 LAsE R o]
= A E, 7429 ABE 49E £ Jdo
(Hopke, 1985, Mizohata and Mamuro, 1980;
Shareef and Bravo, 1988, Yoshizumi, 1989). &%
AZ F9% AL U F£52 2A9o] 4
25 AYE el 4

v. g £

2 d7E 2001 98 RH 20029 8¥ A ot
AN MEA AR XFel] A AgE THE 1
AHA(PM25) E& F343t3, 542 107
g2 (As, Mn, Ni, Fe, Cr, Cu, Cd, Pb, Zn, SD)'&
At 1 = € 24 A& v ¢ O

3 22 Z2ES 4

1. oliAl wAHAY HE FEE 37.70(x1841)
ug/m', MEAIE 45833850y mwE FZHN
o Gk Z1A e o AEA B see oMt
A 3442 (£1550)ps/m?, M-&Al 32.31(+17.85) pg
/mela, #FAL 71F T wEeE 47
58.33(x22.9ug/m’, 92.20(+54.32)pg/m' 2 LA
Hoh oF 1780 ~29uf o}, 93 xfolE HA
“Hp<0.05).

2. AR AFE T EAS 29 ol g
&Y BE FEIF A7 4776(£19.07) e/
', 6153(#437ug/m'olUL, HFHY FEE
77y 29.44(19.835)ug/m’, 25642(x810)pug/mE T
2 AFY F=HEY @A YeEgth oMtAE
Ao wet AR 27t F9g Aolg
e R tH(p<0.05).

3. ARl T2 FEAE FEE WU, A, AF,
=g, o, HioA AEART o}aA I} BA
qHoZ {3l #}tHp<0.05). FAMA Ha
T AEARG oA AA FEA EA e
3 oH(p<0.05).

4. MARA Fo FEAE AYE = o g
FEIF HEA BT oMM FofatAl w%e
H(p<0.0D), AFle B, ZFo] AEAEYG
oRAIZE el BHAl & R THP<0.05). 7HeelE
L, 3F, TaAA oRAZE AgAdT §
atA Ekom(p<0.05), AglE B, 2, 2

&, &, T&dAM oML fest A =it
(p<0.05)

5 FEAEY AEA BN de w A Jl=F,
T4

2%, FE7b 498 4Be Yehion, A
t 3, A, To, ASE, W, ok, Fast #
% 4B dehich P Bzt

33, A, SEE,
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