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ABSTRACT

The current study was designed to scientifically evaluate the atmospheric particulate pollution in residences
relative to their proximity to a Korean major iron/metal industrial complex (IMIC). This objective was achieved
by measuring the concentrations and elemental composition of particulate matter with aerodynamic diameters
equal to or less than 10um (PM10) in industrial ambient air from IMIC and residential ambient air with relative
proximities to IMIC. The trace metals were analyzed using an inductively coupled plasmaatomic emission
spectroscopy (ICP-AES). The industrial mean values exceeded the Korean year/70-ug/m® standard for PM10,
whereas the residential mean values did not. However, the maximum residential values did exceed or were close
to the Korean PM 10 year standard. For individual elements, the ambient concentrations ranged widely from
valuesin the order of afew ng/m? to thousands of ng/m?>. The residential mean mass concentrations in the PM 10
measured in the present study were higher than or similar to those reported in earlier studies. This study suggests
that residents in neighborhoods near the IMIC are exposedto elevated particulate levels compared to residents
living further away from such a source.
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Table 1. Recovery (%) of standard reference materials(NIST
SRM 1648) for trace metal analysis

NIST SRM 1648

Component — iified values(uglg)  Reoovey (o)
Ba 373 101
cd 75+7 92
cu 609+27 %
Fe 39100+ 1000 86
Mg 8000 83
Mn 786+ 17 82
Ni 82+3 81
Pb 6550+ 80 %
Se 27+1 102
v 140+3 115
Zn 4760+ 140 o1
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Table 2. Statistics of PM10 (ug/m?) and trace metal (TM, ng/m®) concentrations measured in an industrial (IND) and two

residential sites(RES A and RES B)?

oMM IND RESA RESB
Mean SD Median Mean SD Median Mean SD Median
PM10 7618 24 70 47°¢ 24 42 37%¢ 14 35
Al 42178 193 411 329 215 241 1608¢ 82 160
Ba 18"8 9.0 19 457 51 25 7.6%C 6.2 6.4
Ca 148478 804 1415 829" 757 676 4138%¢ 316 361
cd 1.9%8 0.9 1.8 0.9¢ 0.6 0.8 0.55¢ 0.4 0.5
Co 1178 05 1.0 0.4* 0.2 0.5 0.2° 0.1 0.2
Cr 2418 17 20 6.4°¢ 7.4 40 255 2.3 18
Cu 1968 128 166 68 123 29 365 20 33
Fe 54238 2789 4881 788°¢ 494 642 3348¢ 203 270
K 382°8 242 355 2814 169 228 2458 122 164
Mg 38748 261 333 233°¢ 127 189 1728¢ 93 147
Mn 24578 219 163 32°¢ 22 28 165¢ 9.6 16
Na 1071 764 885 1340° 1063 962 955°¢ 754 701
Ni 1478 84 13 5.3°C 54 2.8 2.0%¢ 17 18
Pb 9418 61 89 25" 14 22 198 9.7 17
S 1.8%8 0.9 0.4 0.87¢ 0.9 0.4 0.28¢ 0.5 0
S 73478 347 685 950"¢ 1080 483 2328¢ 122 219
Ti 2178 8.8 20 9.9/¢ 6.9 1 7.8%¢ 46 7.3
T 0.7% 0.7 0.7 0.5 05 05 0.48 0.4 0.3
\Y; 6.5°8 4.2 54 1.1°¢ 11 0.9 0.75¢ 0.9 0.3
Zn 3897 397 217 93r¢ 62 83 3g8¢ 34 32

#The number of samples: IND, N=55; RES A, N=55; RES B, N=55; RES A represents aresidential site near the industrial complex; RES B
represents a residential site far away the industrial complex; concentrations measured below the detection limit were set equal to 1/2 of the
detection limit for calculations of the median and mean values; Superscript A represents that there is a significant difference between IND
and RES A; Superscript B represents that there is a significant difference between IND and RES B; Superscript C represents that there is a
significant difference between RES A and RES B; Different characters represent a significant difference at p<0.05 obtained from a

statistical analysis(analysis of variance).
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Table 3. Summary of PM10 (ug/m®) and trace metal (TM, ng/m°) concentrations measured in an industrial (IND) according
to measurement period®

Weekday Weekend
PM10/TM Season - -
Mean SD Median Mean SD Median
Win. 9148 28 81 5748 16 57
PM10 sum. 71°8 16 67 7008 24 65
Win. 53378 313 479 39978 179 360
Al Sum. 37318 105 377 29478 78 281
Win. 258 11 22 238 7.1 24
Ba Sum. 148 8.1 12 8.4%8 6.1 8.6
Win. 15198 1025 1431 97478 567 1027
Ca sum. 16638 643 1519 1497"8 785 1167
Win. 238 0.9 22 1.4° 05 14
Cd sum. 1.9° 09 17 17 11 1.2
Win. 158 0.7 14 1.0% 0.3 11
Co sum. 0.9° 03 10 07 03 06
Wwin. 32°8 28 27 2148 22 15
Cr sum. 20°8 77 18 168 8.1 16
Win. 120° 164 61 1138 146 43
Cu Sum. 2758 111 297 2708 68 275
Win. 691248 3573 6832 35698 1868 3807
Fe Sum. 555248 2044 5645 34138 1353 3150
Win. 388" 239 354 307"8 148 243
K Sum. 359" 185 365 512°8 410 331
Win. 436° 303 457 418° 549 239
Mg Sum. 335° 123 325 364° 180 304
Win. 2528 265 137 93%8 49 83
Mn sum. 2427 169 179 407"® 253 382
Win. 992 654 892 999° 726 1024
Na Sum. 899 613 656 18038 1117 1572
) Win. 218 14 17 1378 7.9 14
Ni Sum. 1178 44 12 8.8"8 37 8.7
Win. 13378 70 127 108" 54 99
Pb Sum. 5778 47 53 778 80 41
Win. 1.7 11 0.6 o4* 0.6 0.0
Sum. 1.8* 0.7 0.9 04" 0.9 0.0
. Win. 896"° 540 806 82218 550 628
S sum. 616"° 168 647 54078 133 532
- Win. 25t 12 23 17* 7.8 16
Sum. 2 6.8 22 16" 38 16
Win. 0.3° 0.6 0.0 0.5%B 04 0.6
Tl Sum. 0.8% 0.7 0.7 1.4°8 0.4 13
Win. 9.2%8 5.6 8.1 5.0°8 41 37
v Sum. 5.7°8 31 5.1 3.4°8 12 33
Win. 47078 355 254 392°8 512 216
Zn Sum. 20448 348 187 433"8 508 200

#The number of samples: summer-IND, N=29; winter-IND, N=26; concentrations measured below the detection limit were set equal to 1/2
of the detection limit for calculations of the median and mean values, Superscript A represents that there is a significant difference between
weekday and weekend; Superscript B represents that there is a significant difference between winter and summer; Different characters
represent a significant difference at p< 0.05 obtained from a statistical analysis(analysis of variance).
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Table 4. Summary of PM10 (ug/m?) and trace metal (TM, ng/m?) concentrations measured in aresidential site(RES A) near

the industrial complex according to measurement period®

Weekd Weekend
PM10/TM Season il - -
Mean SD Median Mean SD Median
M1 Win. 4978 18 45 5ONB 54 40
Sum. 4078 15 39 48°8 17 44
Al Wwin. 386" 241 318 503"8 298 490
Sum. 22778 171 171 26578 178 149
B Wwin. 4578 48 31 83"e 67 44
a sum. 3148 44 14 428 58 12
c Win. 818"8 649 726 13048 993 1188
a Sum. 712°8 802 520 6208 478 394
cd Win. 1.0 0.6 0.9 12 05 1.0
Sum. 0.7 0.4 0.6 0.8 0.5 0.9
c Win. 0.6°P 0.2 0.7 0.6%P 0.2 0.6
0 Sum. 0.2 0.1 0.2 0.1 0.1 0.1
c Win. 1078 14 5.0 6.148 25 5.7
r Sum. 428 2.9 34 298 1.4 25
c Wwin. 6618 92 33 43°8 29 35
u Sum. gNB 190 28 2918 22 23
E Wwin. 9178 600 759 10828 584 1055
€ Sum. 55308 360 463 77578 492 610
K Win. 309"8 213 254 35078 197 375
Sum. 22678 119 201 28278 171 206
M Win. 26418 165 204 316" 172 327
9 Sum. 176°8 79 167 216"8 112 163
M win. 32A 18 31 418 23 41
n Sum. 30" 27 22 2088 15 22
N Win. 1436 1109 1080 1669°E 1235 1187
a Sum. 10378 906 702 15938 1223 1113
Ni Wwin. 7.58 9.2 31 7.48 6.8 5.2
: Sum. 338 24 2.4 208 13 15
Fb Wwin. 278 18 26 30° 15 26
Sum. 228 13 19 218 13 15
Win. 0.6° 0.9 0.3 0.5° 0.8 0.3
Sum. 1.0° 1.0 0.9 1.18 12 0.7
s win. 917"® 1011 624 1553"° 1463 780
Sum. 72978 916 268 970"® 1241 156
T win. 148 7.8 14 158 9.4 14
! Sum. 108 6.2 8.6 9.28 5.0 7.6
- win. 0.4 05 0.2 0.4 0.8 0.1
Sum. 0.6 04 0.7 0.7 0.4 0.6
\Y; Wwin. 1.04 15 0.7 148 0.7 15
Sum. 0.9" 0.7 0.8 1.5 1.2 1.4
. Win. g7"B 72 89 12378 60 132
n sum. 7578 55 54 1008 58 112

#The number of samples: summer-RES A, N=29; winter-RES A, N=26; concentrations measured below the detection limit were set equal to
1/2 of the detection limit for calculations of the median and mean values; Superscript A represents that there is a significant difference
between weekday and weekend; Superscript B represents that there is a significant difference between winter and summer; Different charac-
ters represent a significant difference at p< 0.05 obtained from a statistical analysis(analysis of variance).
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Table 5. Summary of PM10 (ug/m®) and trace metal (TM, ng/m®) concentrations measured in aresidential site (RES B) far
away from the industrial complex according to measurement period®

Weekday Weekend
PM10/TM Season - -
Mean SD Median Mean SD Median
Win. 40 15 34 39 11 36
PM10 sum. 4 15 35 3 13 2
AL Win. 1878 82 179 1718 109 161
Sum. 145" 82 143 116"8 46 126
B Win. 1218 8.3 13 758 4.1 7.4
a Sum. 428 4.0 36 48° 6.8 25
c Win. 52208 488 435 44978 340 404
a Sum. 34178 215 326 28148 103 270
cd Win. 0.7 0.5 0.6 05 0.6 0.3
Sum. 0.4 0.2 0.4 0.4 0.2 0.4
c Win. 0.2 0.1 0.2 0.2 0.2 0.1
0 Sum. 0.1 0.1 0.2 0.1 0.1 0.1
c Win. 2.4° 22 19 3.0 33 15
r Sum. 258 19 2.1 1.8%8 2.2 0.8
c Win. 218 13 18 20° 7.9 19
u Sum. 558 24 49 438 37 30
. Win. 3908 207 311 3648 282 313
e Sum. 316° 190 309 209 124 213
K Win. 2538 131 200 225 165 182
Sum. 168°8 103 115 215" 100 225
M Wwin. 198° 103 164 170 89 152
9 Sum. 134° 79 131 203 99 163
M Win. 18 9.6 18 168 14 14
n Sum. 15° 9.0 15 1078 5.3 9.2
N Win. 9378 726 670 10468 683 975
a Sum. 706"8 567 499 155178 1046 1169
Ni Win. 2.0 15 1.9 2.0° 24 0.7
: Sum. 2.3" 16 22 1.3%8 14 0.6
Pb Win. 238 13 21 19 16 13
Sum. 17 5.7 15 16 5.0 13
Win. 0.2 0.4 0.3 0.2 05 0.3
Sum. 0.2 0.5 0.3 0.2 05 0.3
s Win. 2314 131 213 12678 118 200
Sum. 259" 123 254 18248 94 183
Ti Win. 9.1 49 84 7.88 5.3 6.9
! Sum. 75" 46 7.8 5.1°8 2.1 54
- Win. 0.18 0.2 0.1 0.18 0.1 0.1
Sum. 0.5% 05 0.4 0.7% 05 0.6
v Win. 0.6 0.8 0.2 0.7° 13 0.1
Sum. 08" 0.8 0.7 0.3"® 0.7 04
2 Win. 54 38 42 45° 44 32
n sum. " 32 36 288 22 22

#The number of samples: summer-RES B, N=29; winter-RES B, N=26; concentrations measured below the detection limit were set equal to
1/2 of the detection limit for calculations of the median and mean values; Superscript A represents that there is a significant difference
between weekday and weekend; Superscript B represents that there is a significant difference between winter and summer; Different
character represents a significant close to or less than 0.05.
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oA B} @l AdEEe] 71¢l8 Aoz dAgky AL AsAMAS HX3te] Table6ba, 6b 18|12
o}. Karar and Gupta(2007) 7oA = F4ucE 6co] A9z 7hzh vepglc) Table ax: 4]

Qzke] Fgo] gt FHoM x2wE ] b AY BA ol YA AFFolAM =4 PMI0 A
degdeozm sty 73 sjIEAL] sxrt B4 8 Fo o@uAEAe] 7 AR ARIAE
el s fakst Aot elEgieh 2y Ak »}Emd 7oz Co, Fe Ni,V So|A] =2 AatA
Aslel Mg, Na, Ko] 9= F5olv 4] = Jeplx glod, o) F53d A, T/ 9 A
7} Hléz‘f}ﬂﬂr Tl Fxrt A e, o] s 22 s g dae) A3 e] ol A

rulo

.

4

 FF FS 59 /4 G 9% Aes o A BNl % Aoz FYHL(Pak-
g o), —7—7121“01]%% PM10z} 334 #e] =% kanen et al., 2001). t}&o =2 Al, Mg, Si, Ti S|4
B FF} FUE vlmsle] Avium, BeEae]l  R=08 o 4e] ¥ AUHS BAMA 214
9 shebgee) sk A ez FEug (p<000)e] Y Ao veht mzwel v
= Fko] w7} Fe Mng A28k dj 2] 33t wx] ofsko=w FAFo}(Morawska et al., 2008;
ol A 7] vhebdisd, o) FAA o] mEFe]  Winiwarter et al., 2009). WE Abolol A, 53] 4
WA wnc QASe] ERuELGU o] Be) 5 WA Pb ZnskFe, V. N Cos} Al,

¢ASA A4 Ao B £ o

E Si, Tiz} Cr, Nie Z&aa] Abels} 7+e pEo] o
e FAR G ] ARFAHEREA Al @

d9e e Aoz FA ¥ (Pakkanen et al.,

S
3:
off it © o

Table 6a. Correlation relationship among trace metals measured in an industrial site (IND)

PM10 1.00
Al 022 100

Ba 033 071° 1.00

Ca 020 066° 041° 1.00

Cd 0465 044° 040 052 100

Co 013 056° 056° 0.34° 052° 1.00

Cr 003 041° 044° 033> 037 0.64° 1.00

Cu -0.16 001 -009 041° 027° 014 006 1.00

Fe 014 053 042° 0.48° 065 0.86° 0.58° 0.3%° 1.00

K 042° 036 031° 055° 0.66° 0.17° 0.16 021 023 100

Mg 019 057 050° 058° 0.3%° 0.29* 0.19° 023 0.27* 051° 1.00

Mn 000 008 -013 039 0.28% 021 009 049° 024 027 019 1.00

Na 015 028* 015 053° 033°-002 006 018 003 0.69° 0.48° 0.48 1.00

Ni 004 042° 046° 026° 046 0.81° 0.88° 011 073 014 028* 017 001 1.00

Pb 0307 011 0.14 042° 0.69° 002 012 025 012 083 036° 0.31* 053 0.10 1.00

S 0.35° 039" 054° 0.34° 042 0.40° 046° 0.04 030" 0.23° 023" -0.01 0.04 037 012 1.00

S 018 088 067 055 024 041° 030 000 033" 031° 0.72° 002 024 033° 009 0.24° 1.00

Ti 025 0.89° 068 0.81° 056° 057° 047° 0.27° 0.61° 0.43° 054° 0.32° 033 047° 024 051° 0.72° 1.00

Tl -017 -0.11 -026 0.8 -0.02 -0.21 -0.15 0.34°-0.17 0.22* 0.02 052° 0.34°-023 029° -0.07 -0.10 0.02 1.00
V007 046° 03%° 024° 056° 0.81° 054° 020 0.86° 0.09 0.28° 0.11-007 0.7%° 0.01 024 030° 0.45°-0.29 1.00
Zn 013 009 013 034° 043°-007 000 024 -0.02 063" 063 020 046° 0.03 0.81°-0.06 0.29° 0.14° 0.24-0.06°1.00

PM10 Al Ba Ca Cd Co C Cu Fe K Mg Mn Na Ni Pb S S Ti T V 2Zn

Correlation is significant at p< 0.05 level; "correlation is significant at p<< 0.005 level; and °correlation is significant at p<< 0.001 level.
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Table 6b. Correlation relationship among trace metals measured in an aresidentia site(RES A) near the industrial complex

PM10 1.00

Al
Ba
Ca
Cd
Co
Cr
Cu
Fe
K
Mg
Mn
Na
Ni
Pb
Sh
S
Ti
Tl
\Y
Zn

032
0.23
0.48°
0.30
0.38
0.13

-0.13 -

0.29
0.39°
0.38%
0.19
0.28°
0.26
0.27
0.06
0.20
0.35%
-0.10
0.32°
0.27

1.00
0.83°
0.54°
0.65°
043
0.23
0.04
0.78°
0.86°
0.86°
0.67°
0.69°
0.20
0.49°
0.22
0.84°
0.79°
0.16
0.56°
0.79°

1.00
0.32°
0.31%
0.17
0.02

-0.19
0.65°
0.70°
0.69°
0.37°
0.70°
0.01
0.13

-0.02
0.95°
0.50°
0.20
0.33
0.63

1.00
0.52°
0.3%°
0.19

0.13

0.45°
0.50°
0.49°
0.65°
0.32°
033
0.48°
0.25

0.35%
0.50°
0.07

052
0.54°

1.00
0.46°
0.08
-0.09
0.60°
0.76°
0.55°
0.68°
0.20
0.12
0.92°
0.61°
0.30°
0.75°
0.01
0.70°
0.82°

1.00
0.48° 1.00

002 014 1.00
0.36* 019 0.03 100
031% 013 -012 0.77
037 0.31* -0.04 0.73°
032* 022 045 049°
010 022 013 063
0.66° 0.87° 023 0.20
041° 008 000 052
005 001 -001 022
011 008 004 0.74°
047° 020 -0.03 059°

-0.18 -0.03 0.15 0.03

020 007 007 078
0.32* 010 005 081°

1.00

0.86°
0.58°
0.66°
0.08

0.66°
0.37
0.71°
0.74°
0.04

0.66°
0.80°

1.00
052° 1.00

0.80° 0.3%° 1.00
025 028 015
0.40° 064° 0.06
011 0.49° -0.07
0.72° 0.46° 0.80°
059° 065 037
013 029° 0.23
045° 052° 039
061° 0.74° 047°

1.00
012 1.00

005 0.71° 1.00

004 014 001 100
022 0.70° 0.43° 0.49° 1.00

-0.09 -0.05 0.1 0.22 0.08 1.00

0.13 0.66° 0.53° 045° 0.57° 0.00 1.00
0.13 0.75° 0.53° 0.66° 0.74° 0.17 0.82° 1.00

PM10

Al

Ba

Ca

Cd

Co C Cu Fe

K

Mg Mn Na

Ni Pb S S T T V Zn

3Correlation is significant at p<< 0.05 level; "correlation is significant at p<< 0.005 level; and °correlation is significant at p<< 0.001 level.

Table 6¢. Correlation relationship among trace metals measured in a residential site (RES B) far away from the industrial
complex

PM10 1.00

Al
Ba
Ca
Cd
Co
Cr
Cu
Fe
K
Mg
Mn
Na

wRI=

Ti
Tl

Zn

0.39°
0.31%
0.19
0.30°
0.37#
0.05
-0.12
0.37
0.30°
021
0.38°
0.09
0.22
0.25
022
0.35°
0.26

-011 -

0.268°
0.33

1.00

0.46°
0.81°
0.73°
0.76°
0.44°
0.03

083
0.64°
0.58°
0.82°
0.07

0.55°
0.66°
0.46°
0.82°
0.76°
0.11

0.56°
0.62°

1.00
0.33*
0.54°
043
0.01

-0.07
0.50°
037
0.36°
051°

-0.04
0.20
053
0.22
0.46°
0.30°

-0.25
0.29*
0.48°

1.00
0.74°
0.66°
0.47°
-0.09
0.71°
0.62°
0.59°
0.72°
0.10
0.56°
0.71°
0.48°
0.54°
0.55°
-0.15
0.49°
0.60°

1.00
0.76°
0.45°
-0.04
0.73
0.71°
047°
0.81°
0.02
0.63°
0.91°
0.65°
0.59°
0.55°
-0.14
0.70°
0.77°

1.00
0.49° 1.00

-006 001 1.00
0.75° 053 018 100
054° 053 -020 058
0.30* 0.25 -0.29* 0.39°
0.79° 052 013 0.96°
-020 0.04 -022 0.00
0.70° 0.84° 0.08 0.68°
069° 046° 0.07 0.76°
058° 033 026 0.67°
058° 022 034" 0.72°
061° 024 010 064°
-0.10 -0.08 0.45°-0.10
0.68° 042° 020 0.77°
0.70° 043> 021 0.88°

1.00
0.83°
0.67°
0.46°
0.52°
0.66°
0.46°
0.45°

-0.07
0.46°
057

1.00
0.45° 1.00
0.63°-0.02 1.00

021 0.70°-0.15 1.00

0.41° 0.82°-0.03 0.60° 1.00

0.18 0.69°-0.07 054 0.66° 1.00

039 072 008 041° 053 0.49° 1.00

040° 031 0.62°-006 0.38* 050° 0.34 0.67° 1.00

-0.04 -0.11 009 -0.05 -0.05 0.15 0.07 -0.03 1.00

015 079°-0.14 069 0.66° 0.85° 0.54° 0.48° 0.03 1.00
0.27* 0.92°-009 0.64° 0.82° 0.79° 0.56° 0.47°-0.02 0.83°1.00

PM10

Al

Ba

Ca

Cd

Co C Cu Fe

K

Mg Mn Na

Ni Pb S S Ti Tl V Zn

“Correlation is significant at p< 0.05 level; “correlation is significant at p<< 0.005 level; and “correlation is significant at p<< 0.001 level.
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Table 7. Comparison with previous studies for PM10 (ug/m°) and trace metal (TM, ng/m®) mean concentrations measured in

industrial sites
PM10TM  SPan Llodio®  China, Shanhai® Dagjeon® Ulsan® Banwool®  Unknown'  This study (PM10)
(PM10) (PM10) (PM10) (PM10)  (TSP) (PM10)  Industrial complex
PM10 32 138 92 99.9 NA 70 76
Al 14 2479 28 NA NA 35 421
Ba NA 9634 NA NA NA 27 18
Ca 1.2 11 3.2 NA NA NA 1484
Cd 0.5 2.8 15 19 12 34 19
Co 25 32 25 NA 3.2 NA 11
Cr 33 171 41 7.2 41 181 24
Cu NA 2690 1633 48 NA NA 196
Fe NA 3331 NA 37 3720 3927 5423
K NA 1984 NA NA NA NA 382
Mg 87 186 50 NA NA NA 387
Mn 16 6.3 NA 6.1 123 NA 245
Na NA 1257 NA NA NA NA 1071
Ni 33 14 38 NA 29 45 14
Pb 103 515 243 125 460 227 94
Sh 2.0 23 NA NA NA 52 18
S 2.8 20 NA NA NA NA 734
Ti NA NA NA NA NA NA 21
TI 25 0.8 33 NA NA NA 0.7
\ 0.4 NA NA NA 7.6 NA 6.5
zn 8.0 2.3 13 146 910 1543 389

3Querol et al. (2004); °Zheng et al. (2004); °Kim et al. (2002); ®Na and Lee(1999); ®Park et al. (2008); ‘Lim et al. (2009), sampling site was

not reported; NA, not available.

2001). Tl, Ba, V 5-2] W45l Sl &2 A
o] eRstT) Table 6b= ARJA| 3} A3
ARG AolA £33 PM10 A8 F2| 7+ 33}
F3e] AARAE Vel Zlo= Fe Al Mg, S
MM 2 ARAE Bolw F&HTH AR A%
=]w (Pakkanen et al., 2001), t+-¢-©2 Ba, Cd, Pb,
Zn oA AdAde] wa BAA {24 (p<
0.001)¢] & Aoz veht A5af wiEs A3
=1} (Nyarko et al., 2006). W45 Alo]o|A] AbaA]
o] =2 FAel Cd, Pb, Zn3} Fe, V, Alz} Ba, Sig}
Cr,Ni= Z% 2 Meta} 22 spydao] a9}
1 =} (Pakkanen et al., 2001). Table 6¢c= Z3}2]
Azl FARE] AF (F71A1Y B)elM =
A8t PM10 A8 F2o 7t st ate] AaA &
vebd Zo = Fe Mn, Pb, Zn Sol|A] =2 A4
A3, AlLCa S, Ti, K2 NaSsxE Blwd =
A& el o] o] Eofol} ==nAE 1l
29, dFeddy 22 Ay

do] 9% 7oz FAH Mg, Cusel W

4 oft o N

flo o
o
I

Boll glolit &9 ARAS AN, FARo
4] gl Aoz ki (p<005).

4. g d7etel Hlm

PM103} m]ed 4 el diste] 2 o2 kg
Agz A A7 AdAGE vudy Ais
Table 7¢] vehfiglch PM10 5 =9] 7, 2 o
F-2] 76ugim*e AdQle] By
(Queral et al., 2004)o| A =3J38+ 32ug/m® Bel= =
T, A gl BuER] ke Zu) 3 A Al <
A4 (Y% 52009914 S4¥ 70pugm’sh =
3 Ak A el 9A3 B A7) edAE =
Ao UEEE 2004 FEEE 74pg/mel
20059 = Bl 75ugmel $AekT, 52
A}s}o] (Zheng et al., 2004)9l] 4 =313 138ug/m’s}
U dxe] B3 AR GelA A3 92ugm’
s} (Kimetal., 2002), &4ke] A-#-313t 9 v]HI<
Abedehx| 9] 99.9ug/m® (A9} o]+, 1999) mch
U eyttt o2l d abel: A9z PM102] wjZ

r>~
2
>
12
ed
-
o
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Table 8. Comparison with previous studies for PM10 (ug/m?) and trace metal (TM, ng/m®) mean concentrations measured

in residential sites

Helsinki® Switzerland® This study
PM10/TM (Summer, PM2.3-15) (Annual, PM10) (Summer, PM10)
Urban Rural Urban Suburban Rural RES-1 RES-2
PM10 13 5.8 40 25 14 47 37

Al 520 150 152 98 91 329 160
Ba 8.3 15 NA NA NA 45 7.6
Ca 480 140 1199 368 100 829 413
Cd >0.1 >0.1 0.3 04 0.3 09 05
Co 0.3 0.2 NA NA NA 0.4 0.2
Cr NA NA NA NA NA 6.4 25
Cu 6.2 7 74 85 6.0 68 36

Fe 520 88 2048 295 89 788 334
K 200 65 255 404 98 281 245
Mg 130 42 85 52 48 233 172
Mn 8.6 21 25 7.9 2.8 32 16

Na 300 92 665 260 298 1340 955
Ni 0.8 0.9 3.0 22 12 53 2.0
Pb 2.0 0.6 49 21 10 25 19

Sb 0.8 >0.1 5.6 >0.1 0.3 0.8 0.2
S NA NA NA NA NA 950 232
Ti 27 7.1 NA NA NA 9.9 7.8
Tl >0.1 >0.1 >01 >0.1 >0.1 05 0.4
\% 14 0.3 14 24 0.7 11 0.7
Zn 7.9 310 NA NA NA 93 38

3Pakkanen et al. (2001); "Hassanien et al. (2005); NA, not available.

*“4 o7) sl F4 5 7R B3
oz 243 Zoz s4c}(Vadoulakisand Kas-
somenos, 2008).

FAXGS] e, 2 ATelA ) o] AbdX| A3}
QAT FAX Y, AdA G oz nE ot Welal
FAR oz Fisel, AR He ogdony

B e R42210 sx oJeks FARE Ay
T A} glome AWM=l A9 gut F7
A dellA ZAE Hdg=e} Bl wstsict(Table 8).
Aal= A7) (Pakkanen et al., 2001)2] £AIA] S
slgtz 2km A=) 2 Holx] 9lorn wEeddo] o
RS AA s A|F9oz PM 357 =49 13
ug/m®, Al Zx 9 58ug/m’z B uE, A9~
E](Has&\nienetal 2005) =A1A] 9l W&

Ql vpAl, AlFe] slool| 2o A 2] PM10 5=+ 7}
40, 25, 14pug/m*=. R =gk 2 J 3o FARY
Agl FAAY BAH PMI0 s=x 77 473
37ugm’=A, 3] F FAX Y] PMI10 =7}

N

l

|

it

2 N o>

e 479l o wAA e 5 SR,
ol 23 2 J Arelol A S 0514l
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Roz A}Esac}.

n| g Ao 5
9] m=g4 4= (Al, Ba, Cd, Co, Cr, Cu, K, Pb, Sh)2]
=7} F= A3kl (Zheng et al., 2004)9] F=r}h vt
A e s, A 115 e s=s 23
ArdA el =AY M2 fARE Aoz yehd A
74 Ak R 9] A A BT Ak wiEe BelAdE
dehl 3 gieh el 2 AFelA Z4E A 1)

%14~ (Ba, Cd, Cr, Ni, Pb, Sb Zn)9] %7} x4
o] nus)x) e Fe) o AT AR Al
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A2(AlL FE 2312 2 7ol ¥ ¥4 ekt
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= ¥ A= vz el SA3 3hsko)
Fxo Sl AR AlS Alest FHAE
% Fe Zne g2 338kl vlsle 7MY =2 5=
=2 velga, =3 Fe:Zn: Mn =87} =

14:1:0.62] #|®lo|9l=dl o] Zhifan et al.(2008)
o] F=+ B A9 A7} A ¥ A A
Aol A A3k A} FARE Aoz vepgid g
¥, Cheng et al. (2000)> Pb <+ =j7] F¢] #3214
A2 o] g3te] ofy] 7}x] edde] FAjA <l A
AL Grkel sted, olEE P vl 29
EoFell A 69ug/g, Metel|A] 13~86ug/g, Aeke] o
4 #A Al 1,078 ug/g, Al AT FFE2 el A
400ug/g, F<d - T IR dh wE7tReA
450~3,800u0/g 5 ¥ =2 o] FHExle 2
2} 29 o= 28235}, Zheng et al. (2004)¢] 2]3}
o 2P| AN FHY A4 Al wiEks
Ffzle] Py 45ug/g2 HuE e o9}
Zo] 2% EoF oddA, AAEAH Ak, A5
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Fxo] F23 7HE e Aoz By upt
%At (Zheng et al., 2004). & A-2] AR w7
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FEA] =5 el ZleH, 28] =4 &
AR 2% 3jtEAle] Fxe vwsld, Fe,
Mn, Zn 5o] =AY His=rt ARN= AT
9] ®AIXY FF%%x (Pakkanen et al., 2001) 2.t}
A vebgh 292 w2 =414 (Hassanien et
al., 2005)°] 7 $-olli= Fed] HHs =t EIA R

)
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