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This study wished to analyze contamination level of PCDD/Fs in the ambient air and presume main source
of U-POPs pollution through comparison with homogeneous of surrounding U-POPs pollution sources in Seoul
and Sihwa, Ulsan, Gumi, Pohang industrial complexes in Korea. Sampling were done during 2008~2009.
Annual average concentrations of PCDD/Fs in sampling sites were 0.009~0.205 pg I-TEQ/BO. Concentration
of PCDD/Fs of the ambient air in industrial complex appeared higher than Seoul area. But it was not level
worth worrying comparison with overseas study finding. Congener patterns of PCDD/Fs in the ambient air
were similar with congener pattern of main pollution source of U-POPs in each region. Seoul was similar with
congener pattern of municipal solid waste incineration and Sihwa industrial complex was similar with copper
and aluminum production by rolling and pressing. Also Ulsan and Gumi industrial complex were similar with
industrial waste incineration, Pohang was similar with congener pattern of iron ore sintering. So it is possible
to presume pollution source of PCDD/Fs in the ambient air using congener pattern.
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Table 1. Location of sampling sites in this study
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Sampling Site Adress Sampling time
2008.1.29~1.31 2009.2. 2~2. 4
Seoull HeA MzT 2008.5. 7~5. 9 2009.4.13~4.15
HF ¥ 2= 2wl Al E 2008.7. 7~7. 9 2009.7. 7~7. 9
2008.9.22~9.24 2009.10.6~10.8
2008.2.11~2.13 2009.2. 3~2. 5
Seoul? XNLeA =3 2008.4.29~5. 1 2009.4.13~4.15
NABEE Aydz 2008.7. 7~7. 9 2009.7. 7~7. 9
2008.9.22~9.24 2009.10.6~10.8
2008.2.12~2.14 2009.2. 9~2.11

2008.5. 7~5. 9
2008.7.14~7.16
2008.9.29~10.1

2009.4.21~4.23
2009.7.13~7.15
2009.10.19~10.21

2008.2.12~2.14
2008.4.28~4.30
2008.7.15~7.17
2008.10.7~10.9

2009.2.16~2.18

2009.4.21~4.23

2009.7.14~7.16
2009.10.13~10.15

2008.1.29~1.31
2008.4.30~5. 2
2008.7. 8~7.10
2008.9.23~9.25

2009.2. 2~2. 4
2009.4.13~4.15
2009.6.29~7. 1
2009.10.6~10.8
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Sihwa °© ©
v A5 82w 20 401
A
Ulsan o] H 5250
. A 204
Gumi o=
FTHE 267
An gl
Pohang Oj E3A

2008.1.28~1.30
2008.5. 6~5. 8
2008.7.21~7.23
2008.9.30~10.2

2009.2.16~2.18

2009.4.21~4.23

2009.7.14~7.16
2009.10.13~10.15




Table 2. Ambient sampling equipment
Model

Name
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Sampling

3 A A

(High Volume Air Sampler) Sibata HV-1000F

2] o %] Whatman 20.3 x 25.4 cm,
(Quartz Microfiber Filter) Cat No. 1851-865
PUF

(Polyurethane Foam) Sibata 8013-0921A

Activated Carbon Felt

Sibata 81 mm
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28714 3 A e (Active carbon-impregnated
silica gel, Wako 019-11941) Ao FX&}, A&

Soxhlet extraction

PCDD/Fs

< Spiking internal standards

Multi-layer
silicagel
column clean—up

<n-Hexane, 150mL

Alumina
column clean—up

<2% DCM/n-Hexane, 70mL(rinse)
<~50% DCM/n-Hexane, 130mL(for analysis)

Activated carbom
column clean—up

«25% DCM/n-Hexane, 200mL(rinse)
«<50% Toluene, 250mL(for analysis)

<Spiking internal standards

HRGC/HRMS - Resolution) 10,000, SIM

Fig. 1. Pretreatment procedure for PCDD/Fs in the
ambient air.
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Table 3. Analytical condition of HRGC/HRMS for PCDD/

Fs
PCDD/Fs
Column SP-2331 60 m x 0.32 mm ID x 0.2 um
Oven temp. 120°C (1 min, 10 °C/min)—200°C (2 min,
3 °C/min)—260°C (20 min)
Injector temp.  260°C
Injection mode  Splitless

Purge Off Time 60 sec

Table 4. Monitoring ions and isotope ratios of PCDD/F's

Exact m/z .
Selected Theoretical
Homologue Nati C mass ions  ratio
ave  belled
M/M+2
TCDF 303.9016 315.9419 0.77
305.8987 317.9389  M/M+2
319.8965 3319368 M/M+2 0.77
TCDD 321.8936 333.9339 M/M+2 ’
- 327.8847 M -
M+2/M+4
PeCDF 339.8597  351.9000 155
341.8567 353.8970 Mt2/M+4

M+2/M+4
PeCDD 355.8546 367.8949 155
357.8516 369.8919 M+2/M+4

373.8208 383.8639 M+2M+4 124
HxCDF
375.8178  385.8610  M/M+2 051
M+2/M+4
HxCpp 3898157 4018559 Lo4
391.8127 403.8529 M+2/M+4
M+2/M+4  1.04
HpCDF 407.7818  417.8253
409.7788  419.8220 ~ M/M+2 0.44
M+2/M+4
HpCDD 423.7766  435.8169 Lod
4257737  437.8140 M+2/M+4
441.7428
OCDF o noe - M+2/M+4  0.89
457.7377  469.7779 M+2/M+4

OCDD 4507348 4717750 Maoniea OO
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Fig. 2. The ambient concentration of PCDD/Fs.

Concentration of PCDD/DFs in Air [pg I-TEQ/m3]
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Table 5. Concentration of PCDD/Fs in the ambient of various countries

Nation PCDD/Fs (pg I TEQ/m®) Period (yr) Region Reference
Japan 0.0417 2008 the whole country g E 374 (2009)?
0.0073~0.154° 2004~2005 Tap Mun
Hongkong 0.001~5.791° 2004~2005 Yuen Long Maggie et al., 2003%
0.007~0.312P 2004~2005 Tsuen Wan
0.143 - commercial
China 0.497 - industrial .
. Li et al., 2008%
/Shanghai 0.144 - industrial reta
0.289 - rural
0.014~0.027 - rural
Germerny 0.048~0.064 ) suburban Wallenhorst et al., 19977
0.053~0.099 - urban
0.048~0.085 - multi type impact area
Turkey 0.0233~0.563 2002 rural Bakoglu et al., 2005%
Australia 0.020~0.060 1992 - Taucher et al., 1992”
England 0.000~1.8 1994 - Duarte et al., 19941
America 0.09~0.45 1996 - Riggs et al., 1998V
a : apply WHO-TEF and add Co-PCBs
b : apply WHO-TEF
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Seoull Seoul2 Sihwa Usan Guni Pohang
Fig. 3. Concentration of PCDD/Fs in diffrent season.
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Fig. 4. Congener pattern of PCDD/Fs in the ambient.
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Table 6. Number and indicator of data

Classification Numbers
Municipal waste incinerator, MWI 15
Industrial waste incinerator, IWI 10
Iron and Steel industry, IS 8
Non-Ferrous Copper 14
metal industry, NF Aluminum 16

Power generation, PG 5
Heavy duty vehicle, HDDV 6
Light duty vehicle, LDDV 5
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Table 7. The number of U-POPs source in sampling site
U-POPs source sampling site
Main category sub-category Seoul Sihwa Ulsan Gumi Pohang
) . municipal solid waste 4 1 1
Incineration - -
industrial waste 3 6 10 6 1
iron industry iron ore sintering 1
Steel industry steel industry elecric furnace 3
ferrous alloy production elecric furnace 2
rolling and pressing aluminum 1 2
o aluminum 1 1
Non-Ferrous refining JU—— 5
metal industry PP
copper 1
foundry pP
aluminum 1
cement and lime cement 1
L. non firebrick 1
ceramic industry —
) firebrick 3
Mineral product -
simple glass 1
glass - -
insdustrial glass
the others asphalt 1 1 1
Power power plant oil fuel 1 2
generation local heating plant oil fuel 2 1
freon 1
Productign organic EDC’V?M’PYC 1 1
of chemical synthetic resins 1
consumer goods PE 1
non-organic HCl, NaOH 1
Total 11 12 20 15 15
Table 8. The number of Non-Ferrous metal industry source in Ansan city
rolling and pressing refining foundry
copper aluminum 71 e} copper aluminum lead aluminum
9 9 3 3 1 4 1
AeA9 7] %< PCDDFsel $274 e v 7 22 wAFERE JAIBAN FYe| dww
SAAT Hlwdk A3 Fig 5~63 o] W7l $o w3 sAEAEY w84 Hhs vlag 43 A F
PCDD/Fs¢] 24 s Mg 7 A9 =27 gy ARE 258 Yeplioh
7NE 27Ae] FAA Hhs Ao fARE Ao® U e, AlsE ARt FRlollE AdEAA 378 A
Bt AgH7E 27Ade] dFe 7P Bol WAL 9l Ao SIX|SEA] gdof )1 HMAle] HIEFERE vl
Aoz ettt A3} Aldke] - Fig. 7014 B 98 AR A3} Table 83 7o) B3 LFnjF A

7

ofN oft rfr rlr

A Fa MESAE ARV arade] Alde] oAy RISk Alo® YEhg A
A e AR RES Holrle sislou ti7] At kel wiEe]

| OCDF9| 27} 7 Uepskor, OCDFe| 2 7oz ZAERIT.
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Fig. 5. The comparison of PCDD/Fs congener patterns between the ambient and relevant sources in Seoull.
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Fig. 6. The comparison of PCDD/Fs congener patterns between the ambient and relevant sources in Seoul2.
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Fig. 7. The comparison of PCDD/Fs congener patterns between the ambient and relevant sources in Sihwa.
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Fig. 8. The comparison of PCDD/Fs congener patterns between the ambient and relevant sources in Ulsan.

NFA

I Gumi
—o— W

aaoo

aagodH-8°2'9'v'e'e’t

aaoad-s'L'e'e't

aaqol-s'le'e

4000

4Q0dH-6'8"2'v'e'2 |

al

" 400°8d-8'2'v'e'e
400ad-8'2'e'2't

4a01-8'2'e'e

o o o o o
< (S} N —

(%)uonenuaou0d s4a/aadd 4o onel

Fig. 9. The comparison of PCDD/Fs congener patterns between the ambient and relevant sources in Gumi.
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Fig. 10. The comparison of PCDD/Fs congener patterns between the ambient and relevant sources in Pohang.
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