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Abstracts

For an environmental health analysis for the Busan, the concentrations of airborne heavy metals
were analyzed at 15 different sites (environmental pollution exposure area, health vulnerable area,
dense residential area, and heavy metal monitoring system). The major sources and contributions of
heavy metals were estimated using the Positive Matrix Factorization (PMF) and Conditional Probability
Function (CPF) models. For each site, 5~6 sources of PM-10 were identified, including Soil
(19.3~42.8%), Sea salt (14.9~34.1%), Road resuspended dust (14.7~33.5%), Long range (1.0~18.2%),
Combustion (0.1~27.4%), and Industry (2.5~14.3%). The risk assessment evaluated exposure to heavy
metals through the inhalation of particulate matter during outdoor activities. The Excess Cancer Risk
(ECR) for As exceeded guideline values (1.0E-6), ranging from 1.6E-6 (Gwangan-dong) to 6.0E-6
(Yongsu-ri), while for Cd, Ni, and Pb, negligible risk levels were indicated. The Hazard Index (HI) was
below 1 at all sites, with a range from 0.090 (Bugok-dong) to 0.214 (Yongsu-ri).
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Fig. 1. Locations of sampling sites in Busan.
Table 1. Information of sampling sites in this study
Area Sampling site District Location Land type
Jangnim-dong (JR) Saha-gu Busan Jangriml-dong Residents Center Industrial
Fnvironmental ~ Noksan-dong (NS) Gangseo-gu  Busan Environmental Corporation Industrial
pollution Deokpo-dong (DP) Sasang-gu Busan Deokpo elementary school Residential
exposure area  Dangri-dong (DR) Saha-gu Busan Nagdong elementary school Residential
Yongsu-1i (YSR) Gijang-gun Busan Jeonggwan-eup Residents Center Residential
Gwangbok-dong (GB)  Jung-gu Busan Gwangbokdong Residents Center Commercial
Health Sujeong-dong (SJ) Dong-gu Busan Dong-gu office Residential
vulnerable area  Daesin-dong (DS) Seo-gu Korea Busan Sports Center Residential
Chunghak-dong (CH)  Yeongdo-gu Cheonghangnam-ro 13beon-gil Residential
Dense arf:;dential Jwa-dong (JD) Haeundae-gu Busan Jwa 1-dong Redients Center Residential
Bugok-dong (BG) Ceumjeonggu  Busan Bugok?-dong Residents Center  Residential
Heavy metal ~ Hakiang-dong (H)) Sasang-gu Busan Hakjang elementary school Industrial
monitoring Deokcheon-dong (DC)  Buk-gu Busan Korea Environment Corporation Residential
system Gwangan-dong (GA) Suyeong-gu Busan Hanbada Middle Scool Residential
Yeonsan-dong (YS) Yeonje-gu Busan Metropolitan City Commercial
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Table 2. Toxicity information of non-carcinogen and carcinogen for risk assessment

Substance name End Point RfC’ Reference
(ng/m)
Al Lung, Nervous system 5 IRIS
As Lung, respiratory system 0.015 OEHHA
Cd Lung, kidneys, Respiratory system 0.02 OEHHA
Non- Co Bronchus, Respiratory system 0.1 ATSDR
Carcinogen Mn Nervous system 0.3 ATSDR
Ni Lung, Nasal Cavity, Respiratory system 0.09 ATSDR
Ti Respiratory system 0.1 ATSDR
\Y Respiratory system 0.1 ATSDR
Substance name GREshiEzen End Point s Rlik Reference
US EPA? IARCY (ng/m)
As A 1 Lung 0.0033 OEHHA
. Cd Bl 1 Lung 0.0018 IRIS
Carcinogen ]
Ni A 1 Lung 0.00024 IRIS
Pb B2 2A Kidneys 0.000012 OEHHA

@United States Environment Protection Agency
YThe International Agency for Research on Cancer
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Table 3. Exposure factor of this study for risk assessment

All age 0~2 3.6 7~15 1618 1964 64 older | xj"’l‘l’l}t) ‘?g’(i‘l;’t’;
BW 60.10 10.93 19.26 43.33 62.20 65.36 59.40 70.69 57.59
R 14.33 9.55 10.47 12.67 15.03 14.88 14.06 16.38 13.07
ET 5.82 211 2.51 2.46 2.03 6.20 7.39 7.15 5.82
AT 84.51 82.76 82.89 82.90 82.94 83.94 87.79 82.17 87.35
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Table 4. Concentration of PM-10 and metals

H71524 SUelide egol e egEdeA s 7

Lt Al2S tjAko & 1,000,000810] §HE AlSHS. 2
a¥sto] Yol Lot WAelEo tigh Zui(50%2t
95% )= AHESIYCH

m. Zap U 0z

1 oAein % or1FE4 s

L1 0A9A] 5 1524 S 2

20239 1€olH 10971K]9] HAbR| olARiA|
(PM-10) 2 71534 558 RABIEON, 1 A}
£ Table 40 LiEoict. 15159) B3 PM-10 5
=1 28 pg/mio|gion), 71534 Tol W@ E
142 yg/mi2 PM-10 0] oF 5% AAIoH 22
gelalict. Aykso@ o] 5 olqwAlE ol &
&, F449E 2L 7IE 4Ro2 gElolglon, Heo

Annual Spring Summer Autumn Winter
Mean Ratio Mean Mean Mean Mean
(ng/m) (%) (pg/m) (ng/m) (ng/m) (ng/m)
PM-10 28 46 18 19 34
Al 0.20136 0.73 0.50076 0.07548 0.11261 0.21544
Ca 0.17701 0.64 0.37970 0.07507 0.11220 0.19294
Fe 0.35555 1.29 0.58945 0.18690 0.27082 0.45754
Crustal | ) 0.14716 0.53 0.29094 0.09649 0.09122 0.15034
Si 0.39356 1.42 1.02344 0.11325 0.18197 0.49161
Total | 127463 461 2.78429 0.54719 0.76882 1.50787
As 0.00397 0.01 0.00535 0.00261 0.00274 0.00674
Be 0.00001 0.00 0.00003 0.00000 0.00000 0.00001
cd 0.00060 0.00 0.00082 0.00053 0.00048 0.00069
Co 0.00030 0.00 0.00043 0.00013 0.00027 0.00044
Cr 0.00645 0.02 0.00646 0.00648 0.00634 0.00687
Cu 0.00812 0.03 0.00941 0.00627 0.00786 0.00964
Mn 0.01680 0.06 0.02436 0.00941 0.01510 0.02110
e | Mo 0.00115 0.00 0.00124 0.00103 0.00101 0.00140
Ni 0.00330 0.01 0.00440 0.00248 0.00291 0.00388
Pb 0.01131 0.04 0.01286 0.00980 0.01033 0.01390
Sb 0.00314 0.01 0.00262 0.00284 0.00479 0.00331
Se 0.00091 0.00 0.00115 0.00078 0.00062 0.00123
Ti 0.00794 0.03 0.01578 0.00398 0.00611 0.00890
v 0.00136 0.00 0.00201 0.00172 0.00080 0.00106
7n 0.05972 0.22 0.07491 0.03877 0.05149 0.08648
Total | 0.12508 0.45 0.16183 0.08683 0.11084 0.16564
Total 1.39972 5.06 2.94611 0.63403 0.87967 1.67352
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Table 6. LADD(ug/kg=-day) of metals by age and gender

Man Woman
All age 0~2 3~6 7~15 16~18 19~64 64 older (Adult) (Adult)
Al 3.4E-3 4.6E-3 3.4E-3 1.8E-3 1.2E-3 3.5E-3 4.1E-3 4.2E-3 3.1E-3
As 6.9E-5 9.3E-5 6.9E-5 3.6E-5 2.5E-5 7.1E-5 8.4E-5 8.5E-5 6.3E-5
Cd 1.0E-5 1.4E-5 1.0E-5 5.4E-6 3.7E-6 1.0E-5 1.2E-5 1.3E-5 9.4E-6
Mn 2.7TE-4 3.7E-4 2.7TE-4 1.4E-4 9.8E-5 2.8E-4 3.3E-4 3.3E-4 2.5E-4
Ni 5.1E-5 6.9E-5 5.1E-5 2.7E-5 1.8E-5 5.2E-5 6.2E-5 6.3E-5 4.7E-5
Pb 1.9E-4 2.6E-4 1.9E-4 1.0E-4 7.0E-5 2.0E-4 2.3E-4 2.4E-4 1.8E-4
Ti 1.3E-4 1.8E-4 1.3E-4 7.0E-5 4.8E-5 1.4E-4 1.6E-4 1.6E-4 1.2E-4
\Y 2.4E-5 3.3E-5 2.4E-5 1.3E-5 8.7E-6 2.5E-5 2.9E-5 3.0E-5 2.2E-5
Table 7. ECR of metals by land type
As Cd Ni Pb
Median
(50th) 7.8E-7 6.2E-8 2.4E-8 6.9E-9
Busan Extreme Value
u
(95th) 3.0E-6 2.4E-7 2.2E-7 3.7E-8
Median
6.7E-7 4.8E-8 7.4E-8 1.1E-8
Industrial (50th)
Area Extreme Value
(95th) 4.3E-6 3.2E-7 5.2E-7 4.4E-8
Median
4.3E-7 5.1E-8 1.9E-8 5.9E-9
Commercial (50th)
Area Extreme Value
(95th) 2.7TE-6 2.1E-7 7.4E-8 3.0E-8
Median
7.8E-7 6.2E-8 2.9E-8 6.1E-9
Residential (50th)
Area Extreme Value
(95th) 3.0E-6 2.5E-7 1.0E-7 3.5E-8
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Table 8. ECR of metals by each site
As cd Ni Pb
‘ R 4.3E-6 2.8E-7 1.5E-7 3.2E-8
Iniif:al NS 3.16-6 2.06-7 8.06-7 3.85-8
HJ 2.5E-6 1.5E-7 41E-7 2.9E-8
Commercial GB 5.4E-6 4.6E-7 4.72E-8 3.9E-8
Area Ys 2.1E-6 1.2E-7 7.0E-8 2.3E-8
DP 3.0E-6 2.5E-7 3.3E-7 2.4E-8
DR 3.3E-6 2.2E-7 9.3E-8 2.2E-8
YSR 6.0E-6 5.0E-7 4 8E-8 4.4E-8
S 4566 3.2E-7 6.5E-8 2.56-8
Residential DS 4.4E-6 2.TE-7 6.6E-8 2.3E-8
Area CH 3.7E-6 3.0E-7 5.3E-8 2.6E-8
D 4.1E-6 4.0E-7 6.56-8 2.8E-8
BK 1.9E-6 1.1E-7 3.9E-8 2.76-8
DC 1.7E-6 1.0E-7 7.9E-8 1.7E-8
GA 1.6E-6 1.6E-7 3.9E-8 2.8E-8
Table 9. HQ of metals by land type
Al As cd Mn Ni Ti v HI
hfgg;? 0002 0016 0002 0003 0001 0004 0001 | 0.028
Busan Bt Val
reme Value 1 0012 0060 0007 0014 0010 0021 0004 | 0.127
(95th)
Median
, 0002 0014 0001 0006 0003 0006 0001 | 0.034
Industrial (50th)
Area
Emfg;kaame 0016 008 0009 002 0024 0024 0005 | 0.189
, Median 0001 0009 0001 0002 0001 0003 0001 | 0018
Commercial (50th)
Area
Emf;gkaame 0010 0054 0006 0009 0003 0018 0003 | 0.104
o Median 0001 0016 0002 0002 000l 0004 0001 | 0.027
Residential (50th)
Area
Extr?é?)kaalue 0012 0061 0007 0010 0005 0020 0003 | 0.118
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