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ABSTRACT

Particulate materials (PM) less than 10 pum in diameter are of special interest in air pollution because they
are respirable and responsible for the increasing mortality rate of lung cancer and cardiovascular diseases.
These particles are often referred to as PMyo and they are divided into a coarse fraction and a fine fraction
which is also often referred to as PMys. In this study, we monitored the TSP, PM,o, PMa25 concentration of
ambient air collected in northern part of Seoul in early spring and measured the concentration of heavy metals;
Cr, Mn, Zn, As, Cd, and Pb. All the heavy metals were found in the collected particles and the concentrations
were variable in the PMjo and PMass, respectively. The detected concentration ranges were Cr: ND~ 2,889
ng/m’, Mn: 2.4~257.9 ng/m’, Zn: ND~353.7 ng/m®, As: ND~22.3 ng/m’, Cd: 0.1~2.9 ng/m’, and Pb: ND
~392.2 ng/m? in fine particles. Heavy metal toxicity of the particles were also tested in HoC, cell line derived
from rat cardiomyocytes. As for the results of health risk assessment calculated by unit risk of IRIS, heavy
metals in ambient air of Seoul metropolitan area were found to be responsible for the increase of total excess
cancer risk. Among them, chromium (hexavalent) was found to be the most risky in fine particles of ambient
air collected in the northern part of Seoul in early spring.
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Rat cardiomyocyteo| A S8t HoC, cell lines
2% ALF dozye Lopiel FBS 104
31431 DMEMu=A]E o|&3}d 37°C, 5% CO,
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4. MTT assay
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Table 1. Particle concentration of Ambient air (I)

: PMio PM: s PM. s ratio
Sampling

date Concentration Concentration PM, s/

(ng/m?’) (ng/m’) PM (%)
Feb. 24th 45.8 25.0 545
Feb. 25th 333 16.7 50.0
Feb. 26th 37.5 20.8 55.5
Mar. 4th 41.7 333 80.0
Mar. 7th 141.7 112.5 79.4
Mar. 8th 66.7 375 56.0
Mar. 10th 75.0 41.7 55.6
Mar. 11st 54.2 250 46.2

Al 62433 39.14£289 597412

Table 2. Particle concentration of Ambient air (IT)
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o] FRE] o]Fojg om, 23} AL FA|7 Ft
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=49 209 oA 114 308-RE 4 219 24 2
Al 3087HA 13] =izl o), mlofst BRate Bt
oF 49 (44 21~229¢, 44 28~29%)l HA U
ok 449 18~20Ye) ZA & 25.5mme] ¥]7} W3
o9, 49 2493} 269l = 23| v]7} W

v 3L 717 (1xh3 Gz Ao =39 |
2)9) ofs} w2 Table 13} Table 20 Jehl¢lc)h
#3217 7k9] PMpes ¢F 30~140 pg/m’e] 9
AE vepisien sab7)17ke] PMps = 50
~290 pg/m’e) W E Jepligic =3, A3
] TSP =% 70~430pg/m’e] WS eplglet
v]EA} 717k9] PMiod} PM»s9] H]E-2 50~80%¢ll
wh, A7) 742 PMiost PMase] H)&-2
15~60% A== JePgsd, o3 A 3}
7|17l F2 Ayt & TSPy PM o8] B[ £9]
AR ez o go] Asdchs 7|EY d+AH
9} AR Aol 53], Selve A 1983
WRE TSP (300 ug/m’)E w7377 1502 A4
sle] Zalel] gor} 2001FEE]E PMo (150
pg/mh oz WAste) Ttz gl ol A
AdollA & 4 %ol HAF2 R} Al 49
2099] A-%dx= TSP (433 ug/m’)r} PMis (290
pg/m’) 2% I8 Ee 2Faigle T,

oz

TSP PM;p PMys Particle ratio

Sampling date Concentration Concentration Concentration PM,o/ TSP PM,s/PM;q

(ng/m’) (ug/m’) (ug/m’) (%) (%)
Apr. 20th 433.0 290.0 429 67.0 14.8
Apr. 21st 173.0 120.4 29.2 69.6 24.3
Apr. 22nd 95.6 629 22.5 65.8 35.8
Apr. 23rd 71.0 50.0 23.3 70.4 46.6
Apr. 24th 85.2 57.1 21.3 67.0 37.3
Apr. 25th 95.9 70.8 375 73.8 53.0
Apr. 26th 81.2 52.9 31.7 65.1 60.0
Apr. 28th 196.0 160.4 100.0 81.8 62.3
Apr. 29th 190.1 90.0 47.3 242 26.9
Averagex+S.D 157.9+107.9 106.1x£73.6 374233 67.5+8.7 40.1+15.6
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Table 3. Heavy metals concentration in PM,o (unit: ng/m3)
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Table 5. Dose-response via inhalation of heavy metals-

Sampling

date Cr Mn Zn As Cd Pb
Feb. 24th 19993 2219 1643 21.5 19 131.6
Feb. 25th  661.0 874 1592 276 14 57.2
Feb. 26th 57.7 22.7 43.1 102 25 36.2
Mar. 4th 438 23.5 609 7.7 19 1299
Mar. 7th 4256.8 3919 889 226 44 8392
Mar. 8h 247.1 55.1 321 16.0 26 3367

Mar. 10th 882 396 114 49 16 546
Mar. 11st 79.1 321 1163 112 03 445

Average 929 1539 2334 152 2.1 2037
+SD £1402.2 1514 £2602 £7.5 1.1 £257.2

Table 4. Heavy metals concentration in PMys (unit: ng/m®)
Date Cr Mn Zn As Cd Pb

Feb. 24th  2889.0 2579 125 156 15 32
Feb. 25th 14.8 68 ND 107 0.1 1.1
Feb. 26th ND 80 302 ND 1.1 ND

Mar. 4th 36.7 54 1971 102 08 2584
Mar. 7th 16156 156.1 3537 127 29 3922
Mar. 8th 16106 87.7 305 223 22 58.1
Mar. 10th 3127 404 ND 155 16 374

Mar. 11st  ND 24 ND 06 02 10.2

Average 8099 706 78 11 1.3 95.1
+S.D £1024.8 +87 £121.1 *7.1 09 1384

* ND : Not Detected

AL AW 49 23260l e JAZE £ 2
o} vlgR Bots o, viEA|ZEE A9 Fd
g e By

BB Zbell 2413 Al dhE S8 %
¥A% ZAFE Table 33} 40 ehfisiet 24
% 650 T4 (ZE U ok, viA,  vk=
¥) (Kagawa, 2002; Kim et al., 2002)o)| wjs} 3-=
7123 EA A 76l 93l o] Fei3 e} PMyo
2] Aol 652 FF&e] BE ABAAM HE
Holow, A& F& HFHo2 Al BykE b,
PMo®] 3<% e = E, o4, &, ¥t vls,
7I=F £olglen, PMosyE 2, ¢, ob4, 9k, )
A, 7t=F oldlnt 53], U FFEor ¥
H 67} ZE-L PM o (S 929.1 ng/m’)3} PM,5 (3
& 809.9 ng/m)ell Al wl¢- EA JEh} UAEH
2 AL HFe] Hi=A] Jo g Aoz AR
o} =3 PMooll A 9] H1 =2 4,257 ng/m’ 55

o
=

k=R
-

Heavy Inhalation o

metals (Elr‘;l/tmrggl’(' RfC Classification Source
Chromium 1.2x107? - G(rcorﬂf UIS;:IIS’A
Manganese Srr)l(g}rglgs Group D UISIEII;A
e RN Gown VRN
Arsenic  4.3x107 - Group A U[SREIEA
Cadmium  18x107 - GroupB1  UBERA
Lead 12x10° - GroupB2 ot

Table 6. Excess cancer risk via inhalation of heavy metals
in fine particles (PM: s)

Heavy Excess cancer risk

Comments
metals Mean Max

Chromium  1.4x 107 5.0 107 Crﬁf‘g?ffg’; ”
Manganese - -

Zinc - -

Arsenic 47%x107° 9.6x107°

Cadmium 23x107°% 52x107°

Lead 1.1x107% 47x107°

* Hexavalent Chromium is assumed to be 1/7 of total chromium,

7H AEHANET ol 33 =% Asetn 44
He AN Aoz vehbe Feha
B7)ellE o3& Aol v 29 AR 39 27
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grte A 1A AR FE AR wE
7o) IR A doe AL gu)din F As
AT FFARNGm g AL
Tl - W A=W MEA] dreR=s
3 A oltE AP A7) HE
o aFH FANF T/, FF Tl ot hd
Aol it 2 Ao, ek wlAHA] Lo
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Fig. 1. Cytotoxicity of Heavy metals in rat cardiomyocytes HoC.
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