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Abstract

Co-planar PCBs (polychlorinated biphenyl), POPs (persistent organic pollutants) pesticides and PAHs (polycyclic
aromatic hydrocarbons) in the ambient air of Busan city according to the seasonal and spatial trend were investigated.
Annual mean concentrations of Co-planar PCBs (real values) was the hightest with 14.4 pg/Sm’ at commercial area
(CA-1) among all investigated areas such as industrial areas, commercial area and resident areas, while in the case of
annual mean WHO-TEQ, that at industrial area (IA-1) was the highest with 0.028 pg WHO-TEQ/Sm’. As a
consequence of phase distribution, Co-planar PCBs have more gaseous compounds than particulate compounds. In the
case of contribution ratio of Co-planar PCBs congeners, 2,3,4,4°,5-PeCB at real values and 3,3,3,3,5-PeCB at
WHO-TEQ values was found to be the major contributor to the Co-planar PCBs. Co-planar PCBs distribution was
influenced by sources and atmospheric phenomena not seasonal variation. In the case of the POPs pesticides, only
hexachlorobenzene (HCB) out of 18 compounds was detected in the range of 0.00~0.31 (mean 0.05) ng/Sm’. The
annual mean HCB concentration was highest at industrial area (IA) and the trend of higher concentration of HCB in
springtime was turned out. The results of PAHs research showed spatial and seasonal behavior of PAHs with higher
contents at industrial area (IA) and wintertime. The results of phase distribution of PAHs indicates that gaseous
materials in total PAHs and particulate materials in carcinogen PAHs were more than the other materials. As a
consequence of annual mean contribution ratio, concentration of phenanthrene was more than that of the other
compounds. Potential source of PAHs in ambient were identified using the phenanthrene concentration, Flu/Pyr and
PhA/Ant ratio and BgP/InP ratio. At most area, vehicular emmisions, especially disel engine were the main
contributors. Temperature is negatively correlated with HCB and PAHSs, and positively correlated with Co-planar PCBs
(real values). HCB, PAHs, Co-planar PCBs (TEQ) and dioxin (TEQ) are negatively correlated with ozone, but
positively with NO and NOx.
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Fig. 1. Ambient sampling sites in Busan.
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Table 1, Investigated compounds

PAHs (165) POPs pesticide (18%) Co-planar PCBs (125&)
Naphthalene Aldrin 3,4,4'5-TeCB
Acenaphthylene alpha-Chlordane 3,3'4,4'-TeCB
Acenaphthene Gamma-Chlordane 2'3,44'5-PeCB
Fluorene Oxy-Chlordane 2,3'44'5-PeCB
Phenanthrene 2,4'-DDE 2,3,44'5-PeCB
Anthracene 2,4'-DDD 2,3,3'4,4'-PeCB
Fluoranthene 2,4'-DDT 3,3'4,4',5-PeCB
Pyrene 4,4'-DDE 2,3'44',55'-HxCB
Benzo(a)anthracene 4,4'-DDD 2,3,3'44'5-HxCB
Chrysene 4,4'-DDT 2,3,3'44,5'-HxCB
Benzo(b)fluoranthene Dieldrin 3,3'4,4',5,5'-HxCB
Benzo(k)fluoranthene Endrin 2,3,3'44,55'-HpCB
Benzo(a)pyrene Heptachlor
Indeno(1,2,3-c,d)pyrene Heptachlor epoxide
Dibenzo(a,h)anthracene Mirex
Benzo(g,h,Dperylene Hexachlorobenzene(HCB)

cis-Nonachlor
trans-Nonachlor
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Fig. 2. Seasonal fluctuation of Co-planar PCBs according to the sampling sites.
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Fig. 3. Congeners profiling of Co-planar PCBs according to the sampling sites.
Table 2, Particulate/gaseous phase distribution of Co-planar PCBs(real values)
ling Ti
Sampling site Phase . ) Sampling Time ) average
Spring Summer Fall Winter
Particulate 0.900 0.754 0.695 1.284 0.908
AL Gaseous 8.519 21.427 3.598 1.549 8.773
Total 9.419 22181 4.293 2.832 9.682
Industrial p/g ratio 0.11 0.04 0.19 0.83 0.10
area
(IA) Particulate 1.756 1.114 3.810 5.718 3.100
A Gaseous 7.478 15535 11.348 2381 9.185
Total 9.234 16.649 15.158 8.099 12.285
p/g ratio 0.23 0.07 0.34 240 0.34
Particulate 1.006 1.000 0.318 0.997 0.830
Commercial cAl Gaseous 8.806 44,060 0.732 0.865 13.616
area -
CA) Total 9.812 45,060 1.050 1.862 14,446
p/g ratio 0.11 0.02 0.43 1.15 0.06
Particulate 0.264 0.412 0.400 0.994 0.518
RAL Gaseous 3.401 35.089 3.545 2.268 11.226
Total 3.6605 36,101 3.945 3.262 11.743
p/g ratio 0.08 0.01 0.11 0.44 0.05
Particulate 0.336 0.163 0.095 0.951 0.386
Resident Gaseous 2618 7.818 1.055 1.567 3.265
area RA-2 _ _
(RA) Total 2954 7.981 1.150 2519 3.651
p/g ratio 0.13 0.02 0.09 0.61 0.12
Particulate 0.310 0.262 0.079 0.843 0.373
RA Gaseous 3.195 8.139 0.320 1.493 3.280
Total 3.504 8.400 0.398 2336 3.660
p/g ratio 0.10 0.03 0.25 0.56 0.11
Particulate 0.762 0.617 0.899 1.798 1.019
Gaseous 5.669 22111 3.433 1.687 8.225
Average -
Total 6.431 22,729 4.332 3.485 9.244
p/g ratio 0.13 0.03 0.26 1.07 0.12
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Table 3. Particulate/gaseous phase distribution of Co-planar PCBs(TEQ values)
v o

Sampling site Phase Spring Suij:;l: ling Time Fall Winter average
Particulate 0.006 0.005 0.006 0.015 0.008

A Gaseous 0.021 0.046 0.010 0.004 0.020

) Total 0.026 0.051 0.016 0.019 0.028
Industrial p/g ratio 0.27 0.1 0.58 3.65 0.39
w Particulate 0.011 0.000 0.004 0.008 0.006
A2 Gaseous 0.020 0.013 0.006 0.0002 0.010

Total 0.031 0.013 0.010 0.008 0.016

p/g ratio 0.57 0.01 0.77 49 44 0.62

) Particulate 0.001 0.001 0.001 0.004 0.002
COIT;fr‘;rClal CAL Gaseous 0.010 0.022 0.00003 0.001 0.008
(CA) Total 0.010 0.023 0.001 0.005 0.010
p/g ratio 0.06 0.07 30.10 6.81 0.22

Particulate 0.00001 0.001 0.001 0.007 0.002

RA-1 Gaseous 0.005 0.028 0.004 0.014 0.013

Total 0.005 0.029 0.005 0.021 0.015

p/g ratio 0.00 0.03 0.33 0.54 0.19

. Particulate 0.001 0.00001 0.0003 0.006 0.002
Re;;g:m RAL Gaseous 0.003 0.007 0.00004 0.003 0.003
(RA) Total 0.004 0.007 0.000 0.009 0.005
p/g ratio 0.31 0.00 842 2.19 0.57

Particulate 0.00002 0.00001 0.000005 0.005 0.001

RAS3 Gaseous 0.004 0.008 0.00002 0.003 0.004

Total 0.004 0.008 0.000 0.009 0.005

p/g ratio 0.00 0.00 0.26 1.57 035

Particulate 0.003 0.001 0.002 0.008 0.004

Average Gaseous 0.010 0.021 0.003 0.004 0.010
Total 0.014 0.022 0.005 0.012 0.013

p/g ratio 0.30 0.06 0.64 1.87 0.37
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Table 4, Seasonal and phase distribution of HCB according to the sampling sites,

A&
¢ =2 ol o wol =48] W

el

R

Sampling time

Sampling sites Phase Average
Spring Summer Fall Winter

Particulate 0.00 0.00 0.00 0.00 0.00

) TA-1 Vapor 0.31 0.00 0.03 0.05 0.10

Industrial Total 031 0.00 0.03 0.05 0.10

9% Particulate 0.00 0.00 0.00 0.00 0.00

1A-2 Vapor 0.20 0.00 0.03 0.03 0.06

Total 0.20 0.00 0.03 0.03 0.06

Commercial Particulate 0.00 0.00 0.00 0.00 0.00

area CA-1 Vapor 0.07 0.00 0.02 0.03 0.03

(CA) Total 0.07 0.00 0.02 0.03 0.03

Particulate 0.00 0.00 0.00 0.00 0.00

RA-1 Vapor 0.05 0.01 0.01 0.04 0.03

Total 0.05 0.00 0.01 0.04 0.03

Resident Particulate 0.00 0.00 0.00 0.00 0.00

area RA-2 Vapor 0.04 0.00 0.01 0.03 0.02

(RA) Total 0.04 0.00 0.01 0.03 0.02

Particulate 0.00 0.00 0.00 0.00 0.00

RA-3 Vapor 0.05 0.00 0.04 0.02 0.03

Total 0.05 0.00 0.04 0.02 0.03

Particulate 0.00 0.00 0.00 0.00 0.00

Average Vapor 0.12 0.00 0.02 0.03 0.05

Total 0.12 0.00 0.02 0.03 0.05

20.0 PAHs(2008) 0.20
25.0 & 0.25 -2
E 20.0 ._ ! - .- ;‘.1_ 0.20 E
S 150 | : S I = . ‘1—. ~I r 0.15 %
g o - | g = g
£ 100 | . —I——«Q—-ﬁ— x Y : 0.10
] = a £
* = T it Il s °

0.0 J 0.00

> E = - E = - E = & 5 = o 5 = - 5 =
1A-1 1A-2 CA-1 RA-1 RA-2 RA-3

Fig. 4. Seasonal

sampling sites.
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concentration distributions of carcinogen PAHs and non-carcinogen PAHs according to the
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Fig. 5. Seasonal phase distributions of carcinogen PAHs and total PAHs according to the
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sampling sites.

Table 5. Annual mean detection percentage and rank of 16 PAHs according to the sampling sites.

ParticulatefGaseousP/AHsRatio

Yo, Compounds Abb, IA-1 1A-2 CA-1 RA-1 RA-2 RA-3 Average
% rank. % rank. % rank % rank % ranki % rank| % rank
1 Naphthalene NaP | 592 (4 454 (5) 509 @& 613 @ 799 @ 740 @ | 628 &
2 Acenaphthylene AcPy | 138 (14 179 (12) 151 (14 115 (14 143 (14 092 (15)| 1.36 (14)
3 Acenaphthene AcP | 066 (15): 063 (16): 069 (16) 052 (16). 072 (16). 046 (16)| 0.61 (16)
4 Fluorene Flu | 585 (5) 563 (4 495 () 496 (5 657 (5 510 ()|551 )
5 Phenanthrene PhA | 2049 (1) 2675 (1) 2788 (1) 2738 (1) 2791 (1) 29.09 (1) |28.09 (1)
6 Anthracene AnT | 328 (7) 331 (8 216 (13) 239 (11 282 A 199 (13)| 2.66 1AD
7 Fluoranthene FluA | 1831 (2) 1756 (3) 1677 (2) 1840 (2) 1524 (2) 1550 (2) [1696 (2)
8 Pyrene Pyr [1534 (3) 1976 (2) 1352 (3) (1553 (3) 1246 (3) 1222 (3) [1481 (3)
9 Benzo(a)anthracene BaA | 205 (12)! 1.71 (13): 240 (11) 227 (12) 238 (13) 264 (11)| 224 (12)
10 Chrysene Chr | 394 (6) 378 (6) 484 (0) 457 (6) 449 (6) 497 (©) | 443 (6
11 Benzo()fluoranthene ~ BbF | 313 (8) 339 (7) 458 (7) 414 (7)) 415 (7) 496 ()| 406 ()
12 Benzo(Kfluoranthene  BKF | 292 (9) 1 263 (11); 349 (100 358 (8) 3358 (8) 4.09 (8| 338 (8
13 Benzo(a)pyrene BaP | 1.82 (13): 151 (14): 232 (12): 214 (13): 247 (12); 240 (12)| 211 (13)
14 Indeno(1,2,3-c,d) pyrene InP | 253 (11) 313 (9 448 (8 283 (10) 326 (9 358 (9| 331 (9
15 Dibenzo(a,h)anthracene DbA | 0.63 (16): 086 (15): 1.18 (15 1.03 (15 131 (15 135 (14| 1.06 (15)
16 Benzo(ghDperylene  BghiP| 277 (10): 3.01 (10) 354 (9) 293 (9 320 (10) 333 (10| 313 (10)
T carc-PAHs 13.07 13.22 18.45 16.05 17.16 19.02 16.16
Z total-PAHs 100.0 100.0 100.0 100.0 100.0 100.0 100.00
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Table 6. Correlation coefficients between air pollutants and POPs compounds

Co-PC Co-PC

O, SO. CO NO, NO NOx HCB gfr{cs) (}t)gtI:lb) s Dioxin Dioxin. Dioxin |
(Real) (TEQ)
O, 1.000
SO, -0.071  1.000
CcO -0.017  0.106 1.000
NO., -0.083  0.054 0.466 * 1.000
NO -0.521 *0.243 0.289 0.546 ** 1.000
NOx 0382 * 0.185 0.412 * 0.835 ** 0917 ** 1.000
HCB -0.515 =0.219  -0.035 0.325 * 0.637 ** 0573 ** 1,000
PAHs(carc) -0.537 *0.279 0.120 0.296 0.776 * 0.651 ™ 0.743 ** 1.000
PAHSs(total) -0.606 **0.277  0.147 0.231 0.780 ** 0.622 ** 0.680 ** 0.924 ** 1.000
Co-PCBs(Real) -0.089  0.514 *0.172 0.192 0.030 0.111 0.032 0.025 -0.038  1.000
Co-PCBS(TEQ) -0.406 **0.345 * -0.042 0.251 0.554 ** 0484 ** 0442 ** 0,676 ** 0.683 **0.373 * 1.000
Dioxin(Real) -0.414 **0.246 -0.099 0.236 0.653 ** 0542 * 0518 ** 0,714 ** 0.785 **-0.009 0.800 ** 1.000
Dioxin(I-TEQ) -0.368 * 0.161 -0.031 0.276 0.636 ** 0549 ** 0.402 ** 0.677 ** 0.705 **-0.031 0.622 ** 0.845 ** 1,000
Dioxin(WHO-TEQ) -0.452 *0.266 -0.048 0.241 0.694 * 0570 ** 0585 ** 0.818 ** 0.864 **0.036 0.849 * 0,959 ** 0834 ** 1.000
4 = chest ok
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