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Abstract

Polychlorinated dibenzo-p-dioxins and furans (PCDD/Fs) in the atmosphere were monitored for a
long time from 2011 to the present at four points in Busan at the industrial site (A), commercial site
(B), commercial/residential site (C), and residential site (D). The annual concentration of PCDD/Fs was
showed a decreasing trend from 0.089 to 0.044 pg-international toxicity equivalency (TEQ)/m® and it
was confirmed that all analysis results were below the national air quality standard (0.6 pg—TEQ/Sm3).
The PCDD/Fs concentration by use area was high in industrial areas with various PCDD/Fs emission
sources, and it was confirmed that many PCDD/Fs were distributed in winter particles with low
temperatures. Especially, low chlorinated furans that combine 4-5 ClI" were distributed in the gas
phase, and high chlorinated furan that combines 6-8 Cl” were distributed in the particle phase. It was
applied to the PMF of receptor model using 17 PCDD/Fs congeners, and the sources were identified
as 4 in the industrial area (A) and 3 in the urban areas (B, C, D). The results of PMF studies in
industrial and urban areas all showed the highest contribution to pollution by fuel use. In the case
of industrial areas, the effects of pollutants from the non-ferrous metal manufacturing (28 %) and
ion and steel manufacturing (15 %) industries were confirmed. In winter, when heating fuel is used
a lot, regulation and management of sources in industrial and urban areas can be expected to
decrease PCDD/Fs concentration in Busan.

Key words - Dioxins, PCDD, PCDF. congeners, PMF



2  RARFAATHEL FH31E / 20224

Mo

Xt2Ad @ AEA(Persistent  Organic  Pollutants;
POPs) & £Q35t alel=2l tho] &4
dibenzo-p-dioxin and dibenzofurans; PCDD/Fs)
o njgF EAERl g ARSHA waA Ak2Al A7)

o543 59 52 T Y oY,
PCDD/Fs& Z&st POPs= Q17 247} u} g3 8E)
AlQ] ot gego] AT AllAl o2 Bhe Pl S Y

0‘0‘31 POPs= TA3A0A] vliEklo] ofiA] 71 &t
a2 714 of2] 2 iAol @3h 7|1k ks
2of Al&A10 mUEd] A7} ™ ashc®),

PCDD/Fs9] 9 2o XA diri]u} 019K
o] HiAjQJo 2 Best A Qlom =g QI9AQ] dbAl
2of] oJs] AAEICE Q191HQl WIS 37 474

Al(Polychlorinated

;'Eoﬁ ne

_4

LI o v
Mo WAZIER BREID, A7 ALY
ORI AZAIER YD, HAZIAE A

HEANZ A7PA] 1) OPEU]L ol &2 x{A8
She vldaS W ARIAIAE, vla4d= AR AlE,
SPIAIE Alx, AL vbA 9l bk A o s
EE‘]_15161925' 9]0l 59, ol AlL x}elz“ co &
34 = PCDD/Fs7t HW%* 4 Ao

2005AFE| POPs 742 =gsto] 4
PCDD/Fs% Al4A 02 mUEsta glom, &
E|AE2 =0o] tjokst njale] gHufAof tish L1\} =
olct. gHiHofA = PCDD/Fsg =35t ThFSH POPs
o] Q AXAE)E mlolrst A} 1999 HE] SARYIIR] M=
2ol RUES st Qlck”” Ai1de] POPs 54%
23741t & o] PCDD/Fs= 2018 0.045
pg-TEQ/m’®, 2020 0.044 pg-TEQ/m’o|t], 3418
Zx”aF AvH2018W 0.006 pg-TEQ/m’)*Ve} v]ws}
o] o Azx9 slo]at A oloirt sk Bo|A] AA|EH
= PCDD/Fs& Z3lst POPs RUERHQ] HAK|A &
ARIAS o Qo] Ao X|AH(2K]|Y; e LBEE)
o2 JAK| tf7] PCDD/Fs w2 5742 molsh=
o $A7} ok

BAkx|e] g74t)7]o] 1% PCDD/Fs 2412 6l
5171 oA ti7] @ BAYA mhotat e Ad Hert
Q3L O] sUid+e A7 o oA
Aot 3 o] tr|ee FrPeY o 2ge
Il Qlof ofA] thefet Ao st @ FA sfiAlo]

o))

Bx3} AlEfolct,
B AR 2011 ~ 20209 RAIR| 2] 3L, 2

,dBFA, FARGE tde® PCDD/Fs] A1
ce I E4de melshl, £8RH &
oJsYH QIXHEA(Positive Matrix Factorization: PMF)
FAK| O] PCDD/Fs A @A 374

16]=5 APg5to] PCDD/Fs Ao} ] 51

Az 2L L

1 A AY

AT A2 2011 ~ 20209 RAIR2j0] FUx|
o101 SPFS(A), AJUAIQl HES(B), 271 4Ux|%
AEC), ARG FHD) oz F AR A
ou), ARAPL Fig. 1o Yefjoic). s
13, 770 70, A1 22, A7) AR, AR
. Agalsl, FolQla) So] £5S o] AR
I, E3] A %01]}\15 AFAIA|AMo] 7}
Sefel sict. dEge paiel 20

ol
-
BZR

JP

o
(@)

c 52 40
2 |
ol

——1

e 5 32

J

19 O 410 ol 2 4z rlo o2 O 4

AR T 15 A l%ﬂ oJxlo] ofet AWH HPog
20110l 2016\ 52t AR, 20174 o]& oF
500 m @ojxl AFAR| oA AL =AY FHE-o
BAR| QoA Q7 TP gk shechlol s
st FAAE S0l BRSO /len °F 1 km oAl
YRl A7 |2 azbAldo] YRS At DRI
o of gt .dd 342 sl sUA19e dHE
(E)e] =AFARLE &-8sto PMF RHEliof] 8519
th. A~ D AJE2 A 7RE 271 19], E= E 18] Al
= AFEIRA-

Fig 1. Location of sampling sites.
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Table 1. Sampling site of ambient air according to the land use and the number of sample

Sampling site Land use The number of sample Period(yr)
A Hakjang Industrial area 39 2011~2020
B Jeonpo Commericial area 35 2011~2019
c Yensan RS aren e 20172020
D Jwa Residential area 39 2011~2020
E Gamjeon Industrial area 32 2007~2011
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Table 2. HRGC/HRMS operating conditions for PCDD/Fs analysis

Conditions
Items
4 ~ 6 chlorinated congeners 7 ~ 8 chlorinated congeners
HRGC/HRMS Agilent 7890A/Waters Autospec premier
Column SP-2331 (30 m % 0.25 mm X 0.25 um) VF-Xms (30 m X 0.25 mm X 0.25 ym)
100 “C(5 min) — 20 “C/min — 160 “C(1 min) — 35 “C/min — 230 °C
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Fig. 3. Annual variations of atmospheric PCDD/Fs
concentrations in Busan.
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Fig. 4. The regional concentration of PCDD/Fs in
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Table 3. The regional concentration of PCDD/Fs in Busan (Unit : pg-TEQ/m’)

Site A Site B Site C Site D Avg.
2011 0.265 0.035 0.036 0.019 0.089
2012 0.151 0.035 0.041 0.025 0.064
2013 0.122 0.037 0.055 0.022 0.066
2014 0.201 0.066 0.033 0.019 0.072
2015 0.100 0.037 0.034 0.029 0.051
2016 0.125 0.042 0.027 0.018 0.052
2017 0.078 0.039 0.033 0.028 0.045
2018 0.100 0.041 0.022 0.029 0.045
2019 0.106 0.030 0.018 0.015 0.040
2020 0.102 0.022 0.018 0.012 0.044
Avg. 0.135 0.039 0.032 0.022 0.057

Table 4. The ambient concentration of PCDD/Fs in domestic and foreign countries

PCDD/Fs
Nation Period Land use Reference
(pg-TEQ/m’) L
0.176 The whole country
0.061 Urban
' Industrial
Gyeonggi-do 0.179 2015 J.W. Heo, et al., 2015'®
Rural and Urban
0.334 communities
unit
0.034
Suburban
0.0032~0.17(0.018) 2018 Ministry of the
Japan 0.0033~0.32(0.019) 2017 The whole country Environment ™!
0.0034~0.27(0.018) 2016 (2018 ~ 2020)
China 0.091-0.202 2012 Urban GMP(Asia-Pacific)™”, 2015
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Table 5. The concentration of Seasonal PCDD/Fs in Busan (Unit : pg-TEQ/m?)
Site A Site B Site C Site D Avg.
: 0.099 0.030 0.026 0.021
Spring (0.035 ~ 0.209)  (0.021 ~ 0.056)  (0.002 ~ 0.056)  (0.006 ~ 0.033) 0.045
0.066 0.028 0.025 0.017
Surnmer (0.030 ~ 0.128)  (0.009 ~ 0.066)  (0.004 ~ 0.054)  (0.006 ~ 0.034) 0.034
0.101 0.020 0.017 0.013
Autumn (0.047 ~0.232)  (0.012 ~ 0.038)  (0.012 ~ 0.030)  (0.005 ~ 0.025) 0.038
A 0.257 0.060 0.056 0.035
Winter (0.125 ~ 0.547)  (0.021 ~ 0.139)  (0.012 ~ 0.115)  (0.015 ~ 0.058) 0.104
0.7 T T T
Ambient Environmental : : :
Standards : 0.6 1 | 1
e : : :
E . : : :
< = 1 j 1
= ! | !
& 04 : | :
S ) l :
c ] | ]
S o3 i | i
&L : | !
S p2 : l !
U ] | ]
a ) l )
01 i | i
= i i | i
og..%éu% %.%%%...%
£ P @ Rig @ @ g @ Y olg a @ @
o o o o & < 5 5 c c c c N = 5 S
S B E = E E E E EEEE £ g £ E
AN v on 5 5 = § 3 2 2 32 = = = =2
Fig. 5. Concentration of Seasonal PCDD/Fs in Busan.
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Table 6. Contribution of PCDD/Fs concentration in particle/gas phase by use area and season

Site A Site B Site C Site D Avg.
Par Gas Par Gas Par Gas Par Gas Par Gas
Spring 0.65 0.35 0.73 0.27 0.63 0.37 0.66 0.34 0.66 0.34
Summer 0.39 0.61 0.29 0.71 0.37 0.63 0.34 0.66 0.36 0.64
Autumn 0.69 0.31 0.66 0.34 0.66 0.34 0.67 0.33 0.68 0.32
Winter 0.96 0.04 0.96 0.04 0.91 0.09 0.88 0.12 0.95 0.05
Avg. 0.78 0.22 0.73 0.27 0.71 0.29 0.69 0.31
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Fig. 6. Relative distribution of annual PCDD/Fs congeners between particle phase and gas phase.

4, Z=AE 21 EAY (HxCDF), HeptaCDF (HpCDF), OctaCDF (OCDF),
PCDD/Fs9] 175 === (] o]-&9] Ao wiet TetraCDD (TCDD), PentaCDD (PeCDD), HexaCDD
TetraCDF (TCDF), PentaCDF (PeCDF). HexaCDF (HxCDD), HeptaCDD (HpCDD), OctaCDD (OCDD)

Table 7. Toxic Equivalent Factor of PCDD/Fs congeners depending on the number of Cl-

The number of CI' PCDFs I-TEF PCDDs I-TEF
4 2,3,7,8-TCDF 0.1 2,3.7,8-TCDD 1
1,2,3,7,8-PeCDF 0.05 1,2,3,7,8-PeCDD 0.5
> 2,3,4,7,8-PeCDF 0.5
1,2,3,4,7,8-HxCDF 0.1 1,2,3,4,7,8-HxCDD 0.1
1,2,3,6,7,8-HxCDF 0.1 1,2,3,6,7,8-HxCDD 0.1
6 2,3,4,6,7,8-HxCDF 0.1 1,2,3,7,8,9-HxCDD 0.1
1,2,3,7,8,9-HxCDF 0.1
7 1,2,3,4,6,7,8-HpCDF 0.01 1,2,3,4,6,7,8-HpCDD 0.01
1,2,3,4,7,8,9-HpCDF 0.01
8 OCDF 0.001 OCDD 0.001

* [-TEF : International Toxic Equivalent Factor (1997)
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Table 8. Fractrion of PCDD/Fs congers in ambient air

5. 09y B8

LFHS FFsP7| HshiA PCDD/Fso| E5A] 17
F 2ol 43T 2UYE olgolel e 2
2 AXSon, EPA PMF 5.0% &85t 2 o
JollA] PCDD/Fs S&£A/)0] B82S ujEtog odYs
Aglston], MYAEel WRR B & 4]
7<71 al }\]-047(10210 Sk ]—5_2\17;] = 37H94 (;)_]7;]-
48 Adelglc). BeRE AU 225} BPA A2
= ]-01[4-13'24'25'27'28'33'35)

o|g3lo] 2AUS £
Fig. 97} Fig. 102 717} 2Ux|%40] 0 & &
gt J|odeg Uepion, SEA sw(pg/m’)et
TEQ -Z(pg-TEQ/m’) 7|o| =2 AVgatgict. 5
R|do] & WK} QAL 23,7,8-TCDD7} 94.5 %2]

A B

Avg.

P. G. A P. G. A

P. G. A P. G. A P. G. A

2.3,7,8-TCDF 001 011 002 002 010 003 002 007 003 001 007 002 001 009 002
1,2,3,7,8-PeCDF 004 014 005 004 015 006 004 009 005 003 011 004 004 0.12 005
2.3,4,7,8-PeCDF 0.03 008 004 004 008 004 004 005 004 003 006 003 003 007 004
1,2,3,4,7,8-HxCDF 005 007 005 005 008 006 005 006 005 004 007 005 005 007 005
1,2,3,6,7,8-HxCDF 004 005 005 005 006 005 005 006 005 004 006 004 005 006 005
2.3,4,6,7,8-HxCDF 005 003 005 005 003 005 005 004 005 004 004 004 005 003 005
1,2,3,7,8,9-HxCDF 0.00 000 000 000 000 000 000 000 000 000 000 000 000 0.00 000
1,2,3,4,6,7,8-HpCDF 019 009 018 019 010 017 018 015 018 018 011 017 019 0.11 017
1,2,3,4,7,8,9-HpCDF 002 000 002 002 000 002 002 002 002 002 00 001 002 001 002
OCDF 014 004 013 017 002 015 018 007 015 014 003 012 016 004 014
2.3,7,8-TCDD 0.00 001 000 000 000 000 000 000 000 000 000 000 000 0.00 000
1,2,3,7,8-PeCDD 001 002 001 o001 002 001 001 001 001 000 001 001 001 001 0.01
1,2,3,4,7,8-HxCDD 001 o001 001 o001 001 001 001 001 001 001 001 001 001 001 001
1,2,3,6,7,8-HxCDD 001 o001 001 002 002 002 001 001 001 001 001 001 001 002 0.01
1,2,3,7,8,9-HxCDD 002 001 001 o001 001 001 001 001 001 001 001 001 001 001 001
1,2,346,78-HpCDD 014 006 013 010 010 010 009 011 010 012 012 012 011 010 0.12
OCDD 024 027 024 022 022 022 024 024 024 032 029 032 025 025 025
> 4-5CICDFs 008 033 011 010 033 013 010 021 012 007 024 009 008 028 0.11
> 6-8CICDFs 049 028 048 053 029 050 053 040 050 046 031 043 052 032 032
> 4-5CICDDs 001 003 001 001 002 001 001 001 001 000 001 001 001 001 0.01
2 6-8CICDDs 042 03 040 036 036 036 036 038 037 047 044 047 033 040 039
> PCDD/Fs 1.00 1.00 100 1.00 100 1.00 100 1.00 100 1.00 100 1.00 100 1.00 1.00

* P (Particle phase), G.(Gas phase), A.(Average)
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Fig. 9. PMF factor profiles of PCDD/Fs from industrial sites.
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