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Abstract : In the present study, we made measurements of PM-bound metal concentrations from seven
different urbanized locations in Seoul for the period covering March 2001 through May 2002. The
measurement data were analyzed to explore the possible influences of spatial factors on metal distribution
characteristics. To check for the importance of such aspects on metal distribution characteristics, the
measured data were compared between different metals and between different sites by several criteria
including (1) coefficient of variation (CV) values; (2) temporal variability; and (3) the abundance of
strongly correlated pairs. The overall results of our study indicate strong diversity in the distribution
characteristics of different metals. It is found that some metals (like Fe, Mn, and Pb) tend to exhibit
strong compatibility among different study sites. However, no such compatibility appears to exist for

certain metals like Cu. To account for the importance of spatial factors, complex relationships between
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source/sink processes and geochemical characteristics of a given metallic component may have to be
T
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examined in a systematic manner.
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Table 1. A statistical summary of PM-bound metal concentrations measured from seven stations located within the

Seoul metropolitan area in Korea during March 2001 through May 2002. All concentrations in ng m”

Pb Cu Mn Cd Ni Fe Cr
L. All
Mean 71.0 208 79.7 3.10 19.0 2397 15.0
II. Individual Sector
Al
MeantSD  65.2£77.8 47.1+72.4 65.1+147 2.63+2.30 15.2+17.5 225745052 10.8+12.0
Range (N) 4.1~435 (40) 5.3~336 (40/1)*  2.9~925 (40)  0.36~11.3 (40/4)* 1.4~92.5 (40/5)* 171~31863 (40) 1.8~58.4 (40/3)*
Bl
MeantSD  81.5£65.3 3844251 117+184 3.55+2.64 17.1£18.3 3623+4728 19.1+16.8
Range (N) 7.1~424 (72/2)* 38~1481 (72/4)* 10.1~1208 (72/1)* 0.39~12.8 (72/7)* 1.4~82.3 (72/9)* 332~31719 (72) 2.1~104 (72/1)*
B2
MeantSD  74.1£53.9 157+124 62.1+51.6 3.24+2.55 13.6£15.5 2139+1736 13.5+10.1
Range (N) 2.0~237 (49/1)* 13.9~731 (49/1)*  3.5~209 (49)  0.49~11.1 (49/1)* 2.3~72.5 (49/6)* 247~8181 (49) 1.5~38.7 (49/1)*
C1
MeantSD  87.7£65.1 308+388 88.9+113 3.04+3.17 21.5422.4 253442711 16.1+11.1
Range (N) 7.0~246 (45) 19.2~1835 (45/1)* 10.4~669 (45)  0.3~15.7 (45/5)* 2.7~121 (45/4)* 385~15177 (45) 3.1~47.2 (45/3)*
C2
MeantSD  78.6+78.0 87.8+46.9 56.6+49.1 3.13+4.85 22.1+64.1 1773+£1512 12.1+11.3
Range (N) 9.5~483 (54/1)* 20.9~214 (54/2)*  8.8~224 (54) 0.6~33.0 (54/9)* 3.5~475 (54/10)* 295~7164 (54) 1.5~70.8 (54/1)*
D1
MeantSD  70.9+43.9 192+162 82.2+148 3.49+3.02 21.9+42.3 221942010 16.6+14.4
Range (N) 5.8~193 (59/3)* 4.4~1105 (59)  3.5~1116 (59) 0.69~11.8 (59/9)* 1.1~311 (59/4)* 237~13274 (59) 1.1~66.6 (59/3)*
D2
MeantSD  81.2£75.2 283+185 86.4+188 2.65+2.68 21.5+20.6 2235+2483 16.6+13.4
Range (N) 8.0~428 (42)  18.4~690 (42) 8.2~1232 (42)  0.43~9.40 (42/9)* 1.2~78.4 (42/3)* 160~15483 (42) 2.7~68.8 (42/1)*

*Left and right numbers in the parenthesis denote the number of total measurements and of cases with below DL,

respectively.
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Table 2. Results of correlation analysis for a given metallic component among seven different study sites
investigated in this study

Al Bl B2 Cl 2 DI D2 Al Bl B2 Cl C2
Al r (40* Pb (39) Cu
P . .
Bl 1 069" (70 0.295 (68)
P  88E06 . 1.0E-01 .
B2 r 0052 056" 48) 20.105  -0289 48)
P 8OEOl  19E-04 . 6.2E-01  7.5E-02
cl r 0092 0.489' 0.696" 5) 0.089 0.160 0.129 (44)
P 68E0l G6IE-03 28E-05 . 69E-01 40E-01  50E-01 .
2 r 0251 0.604"  0706" 0331 (53 0.084 0.269 0.201 -0.189 (52)
P 19E01 30E-05 15E-06 69E-02 . 66E01 B89E-02 25E-01 32E-01 .
DI r 0.151 0644"  0763"  0579" 071" (58) 0.100 0.289 0268 0.121 0.534"
P 43E01 33E-06 3.IE08 42E04 34E-08 6.0E-01 60E02 LIE-Ol 50E-01 19E-04
D2 r 0.534 0.770" 0.571" 0.482 0.554' 065"  42) 0.148  -0.268 0278 0353 -0.166
P 27E02 25B-07 12E03 27E-02 22E-03 93E-06 57E01 14E-01 14E-01 12E01 4.1E-01
Al 1 (40) Mn (40) cd
P . .
Bl r 0.975 (72) 0.639" (72)
P 0.0E+00 . 8.2E-05 .
B r 079" 096" (49) 0435 0.266 (46)
P 45E06 12E-16 . 43E02  1IE-01 .
cl o r o 074" 064" 0.646" 45) 0.366 0443 -0.041 “3)
P 8IE05 13E-04 15E-04 . LIE-01  16E-02 84E-01 .
@ r 081" 0909 088"  0.625" (54) -0.023 0.244 0.446' 0227 (53)
P 24E08 94E-17 18E-16 1.7B-04 9.1E-01 13E01 93E-03 24E-0l .
DI r 0846"  0969" 082" 0568  0.869" (59) 0736" 0218 0.410 -0.086 0.231
P 76E09 74E-17 14E-11 57E04 58E-17 . 54E06 18E-01 1.8E-02 66E01 13E-01
D2 r 090" 0987  0858"  0921"  0905" 094"  (42) 0.474 0.410 0353 0045 0716"
P 79E07 LIE-16 27E-09 35E09 38E-1l  16E-16 55E02 22E-02 77E-02 86E01 27E-05
Al ot (39) Ni (40) Fe
P . .
Bl r 0704" (66) 0.992 (72)
P 41E05 . 0.0E+00 .
B r 073" 0.174 45) 0935"  0.946" (49)
P 15E04 32E-01 . LIE-10  12E-16 .
Cl r  -009% 0.587 0.011 (44 0629 072" o611" (@5)
P 69E01 20E-03 9.6E-01 . 17E-03  67E-06 43E-04 .
[ 0.068 0018 0.034 0.369 @7 0848"  0896" 089"  0812" (54)
P 74E01 92E01 86E01 63E-02 63E09 O94E-17 18E-16 3.0E-08 .
DI r 0059 0.093 0.093 0362 098" (56) 083711 089811 090411  0.6051 09201
P 77E01 57E-01 60E-01 49E02 14E-16 1.5E-08 74E-17 18E-16 19E-04 58E-17
D2 r  00% 0.491' 0.113 0.447 0.166 0.198 “2) 0.870"  0930"  0849" 094"  0901"
P 73E01 59E-03 57E01 42E02 46E-01  25E-01 57E06 14E-14 GOE-09 29E-10 6.1E-11
Al 1 (39) Cr
P .
Bl r  0649" (71)
P 79E05 .
B2 r 0045  0615" 49)
P 84E0l  40E-05 .
cl ot 0072 0.087 0.201 45)
P 76E01 65E-01  3.0E-01 .
2 r 0175 0353 0366 0.188 (53)
P 37E01 28E-02 28E-02 3.1E01
DI r 0469 063" 0586 0.426 0.115 (58)
P 12E02 75E-06 22E-04 14E-02  4.6E-01
D2 0.138 0762"  0812" 0.504 0.274 0719"  42)
P 61EO0l 40E-07 89E08 20E-02 16E01 7.3E-07

*Numbers in the parenthesis denote the total cases of matching pairs.

**Superscripts I, I, and III denote the cases of which probability of no correlation are less than 10%, 107, and 10, respectively.
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4. 484 =2 7. S. R. Taylor, S. M. McLennan, The Continental
Crust: Its Composition and Evolution, Blackwell
Sci., Cambridge, Mass., p. 312(1985).

8. K.-H. Kim, J.-H. Lee, M.-S. Jang, Environ. Pollut.,
118, 41(2002).

9. C. Bilos, J.C. Colombo, C.N. Skorupka, M.J.
Rodriguez Presa, Environ. Pollut., 111, 149(2001).
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111, 109(1999).

YA AN Tl
e} o Aoz 24
oz ALA A
o A BEY FEA
A o5 AHoeRE ¥

= .
=07
N
-
lN' Nlm _qm
€ oX
SO
ot
<o
R
o X
rot ko
g ro

7

o2l

e

o

u

= &
H»—
F{Er\—‘

iV
oo @ 2

s

=y

it

il

of

o,

o

o,

rE

o

N

Hr

o e lo =

~ e o -
3 M
= 3
ol
Ap
ox,
M
Lo,
off I

o2l
)
o
)
ox
)
o
lo,
O
ol
'S

o

Mz

5]

lut

o,

1o

N

L

m A
N
MN
o ]
frtl
[
m
I ox

T
:oé
M
%2
9
o
=
p
ML
1
)
k)
2
H82

o R
)
4

o
o
rir
S
tjo
we
o ok

o oX
Sh
il

o o
R
ol
o

N
P
e}
)
!
[Sh

)

N

N

'
B

[0

ol
R
o
v}
o
2,
)

[

rlo
1o o
HN ol
o

oX,
Jn yo
o X
T o>
— oy
i
s 4
ox
o m
LT
N
ox, :lO
X

=

oo gl
O->13 o_>L -I")‘

oX,
M
rlo
Ny
(¢
o 1 ¢

o
o
o,

N
e
fr e
\
(o3
o
Ut e oA 2 3 e o

rgﬁ:imlmrgx\igg_glrizﬂrﬂm{oJm_&

Lo &
rJ

T g
il =
. X
£ o of
) Sﬂ\‘g
o A
x

o H
v rlo
]

N

B ATdAE dRgeee) Andeg A7
Aol Agoz oo

it

I

o
rat

1. KD. Perry, T.A. Cahill, R. C. Schnell, J. M.
Harris, J. Geophys. Res., 104(D15), 18, 521(1999).
2. K-H. Kim, M. Y. Kim, Atmos. Environ. 36/4, 663
(2002).

3. S. M. Charlesworth, J. A. Lees, Chmosphere, 39,
833(1999).

4. K.-H. Kim, D.-S. Kim, T.-J. Lee, Atmos. Environ.,
31, 3449(1997).

5. W. H. Schroeder, J. Munthe, Atmos. Environ., 32,
809(1998).

6. RJ. Lantzy, F. T. Mackenzie, Geochim. Cosmochim.
Acta 43, 511(1979).

Vol.16, No.2, 2003





