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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 were investigated for their concentration, phase distribution, seasonal and site

variation.

Annual average of co-planar PCBs (WHO-TEQ, 2005) in industrial site was the highest with 0.049 pg WHO-TEQ/Sm’
among all investigated sites such as industrial sites, commercial site, resident site and control site. Co-planar PCBs
concentration at industrial sites was highest in cold weather similar to that of PCDDs/PCDFs. On the other hand, co-planar
PCBs concentrations in summer were higher than those of any other season at all sites except for industrial sites. The results
of phase distribution showed that particle co-planar PCBs was higher in winter than in other seasons. In the case of the POPs
pesticides, only hexachlorobenzene (HCB) was detected with annual average 0.06-0.18 ng/Sm’. The results of PAHs showed
that PAHSs concentration in industrial site and winter had highest one. The carcinogen PAHs such as benzo(a)anthracene,
benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, indono(1,2,3-c,d)pyrene and dibenzo(a,h)anthracene in winter

were dominant at all sites.
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Fig. 1. High volumn air sampler used in ambient sampling.
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Fig. 2. Ambient sampling sites in Busan city.
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Table 1. The real values and WHO-TEQ of co-planar PCBs according to the sampling times

Sampling time

Sites Conc. Average
Jan. Apr. Jul. Oct.

Gamgeon pg/Sm’ 16.993 12.178 12.086 6.921 12.045

Industrial —dong WHO-TEQ 0.117 0.027 0.033 0.018 0.049

sites Janglim pa/Sm’ 13.028 16.761 18704 9.223 14.429

—dong WHO-TEQ 0.018 0.023 0.013 0.012 0.016

Commercial Jeonpo pg/Sm’ 10.091 13.232 98.153 14.738 34.054

site —dong WHO-TEQ 0.031 0.010 0.040 0.010 0.023

Resident Yeonsan pa/Sm’ 7.968 8.024 24.012 5.652 11.414

site —dong WHO-TEQ 0.013 0.010 0.028 0.012 0.017

Control Gijang pa/Sm’ 7.490 6.264 27.702 2.618 11.019

site —eup WHO-TEQ 0.011 0.007 0.019 0.003 0.023
Zm 2 o 713k g0] 7$-olliz A%t
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Table 2. The ratio of particulate/vapor co-planar PCBs

N
flo
o

Sampling sites p/v ratio
Jan. Apr. Jul. Oct.
Industrial sites Gamjeon dong 12.2 2.1 0.4 0.6
Janglim dong 52 1.7 0.1 0.5
Commercial site Jeonpo dong 10.1 1.0 0.1 .3
Resident site Yeonsan dong 439 0.6 0.1 1.1
Green site Gijang eup 4.7 0.5 0.1 0.4

o planar PCB{pg WHO-TEQ/Sm’)

Gamjeon

dong | Janghm do

ng

leonpe don

Sampling sites

Yeonzan dong

M particulte

=|||

Apr K

Gipang eup

Fig. 3. Distributions of particulate and vapor co-planar PCBs.
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Table 3. POPs compounds(HCB) concentrations according to the sampling times in Busan city

Sampling time

Sampling sites Jon. Apr. Tul Ot Average
Gamjeon Particulate 0.00 0.00 0.00 0.00 0.00
dong Vapor 0.35 0.13 0.00 0.13 0.15
Total 0.35 0.13 0.00 0.13 0.15
) Particulate 0.00 0.00 0.00 0.00 0.00

Janglim

dong Vapor 0.49 0.12 0.00 0.11 0.18
Total 0.49 0.12 0.00 0.11 0.18
J Particulate 0.00 0.00 0.00 0.00 0.00
ZOOZZO Vapor 0.26 0.10 0.11 0.11 0.14
Total 0.26 0.10 0.11 0.11 0.14
Yeonsan Particulate 0.00 0.00 0.00 0.00 0.00
dong Vapor 0.11 0.00 0.00 0.11 0.06
Total 0.11 0.00 0.00 0.11 0.06
Gijang Particulate 0.00 0.00 0.00 0.00 0.00
oub Vapor 0.12 0.11 0.10 0.10 0.11
Total 0.12 0.11 0.10 0.10 0.11




AR el di7] F Y e dede ASEE A 141

Table 4. PAHs concentration according to the sampling times at Gamjeon dong in Busan city

(unit : ng/Sm®)

Sampling time

No. Compounds Abbre. Tan. Ao Tl Ot Average
1 Naphthalene NaP 0.03 0.00 0.00 0.00 0.01
2 Acenaphthylene AcPy 0.15 0.15 0.00 0.08 0.09
3 Acenaphthene AcP 0.02 0.00 0.00 0.01 0.01
4 Fluorene Flu 0.47 0.11 0.04 0.08 0.17
5 Phenanthrene PhA 3.46 1.35 0.20 1.13 1.53
6 Anthracene AnT 7.11 2.77 0.42 2.32 3.15
7 Fluoranthene FluA 3.98 1.33 0.53 0.85 1.67
8 Pyrene Pyr 3.19 0.65 0.49 0.81 1.29
9 Benzo(a)anthracene BaA 1.76 0.30 0.30 0.41 0.69
10 Chrysene Chr 2.99 0.35 0.40 0.25 1.00
11 Benzo(b)fluoranthene BbF 5.40 0.45 0.65 0.32 1.70
12 Benzo(k)fluoranthene BkF 6.31 0.50 0.74 0.36 1.98
13 Benzo(a)pyrene BaP 0.16 0.07 0.36 0.53 0.28
14 Indeno(1,2,3—c,d)pyrene InP 19.42 1.07 2.84 1.21 6.13
15 Dibenzofa,h)anthracene DbA 5.31 0.14 0.16 0.15 1.44
16 Benzo(g, hI)perylene BghiP 7.93 0.10 1.81 0.93 2.69
J carc! 3836 2.52 5.04 2.98 12.22
Jtotal 67.69 9.32 8.94 9.43 23.84

1) No 9, 11, 12, 13, 14, 159] A

Table 5. PAHs concentration according to the sampling times at Janglim dong in Busan city

(unit : ng/Sm®)

Sampling time

No. Compounds Abbre. Average
Jan. Apr. Jul. Oct.
1 Naphthalene NaP 0.00 0.00 0.00 0.00 0.00
2 Acenaphthylene AcPvy 0.15 0.08 0.08 0.00 0.08
3 Acenaphthene AcP 0.02 0.01 0.00 0.00 0.01
4 Fluorene Flu 0.23 0.10 0.02 0.04 0.10
5  Phenanthrene PhA 1.34 0.87 0.45 0.69 0.84
6 Anthracene AnT 2.76 1.78 0.92 1.43 1.72
7 Fluoranthene FIuA 1.81 0.53 0.94 1.11 1.10
8  Pyrene Pyr 1.75 0.42 0.93 1.86 1.24
9  Benzol(a)anthracene BaA 2.46 0.15 0.40 0.33 0.84
10 Chrysene Chr 1.83 0.23 0.27 0.44 0.69
11 Benzo(b)fluoranthene BbF 3.70 0.41 0.32 0.82 1.31
12 Benzo(k)fluoranthene BkF 4.32 0.45 0.35 0.94 1.51
13  Benzola)pyrene BaP 0.20 0.06 0.36 0.73 0.34
14  Indeno(1,2,3—c.d)pyrene InP 12.10 0.36 1.50 2.13 4.02
15 Dibemnzof,h)anthracene DbA 3.39 0.13 0.05 0.18 0.94
16 Benzol(g, h perylene BghiP 5.38 0.02 1.25 1.73 2.10
X carc' 26.17 1.56 2.97 5.13 8.96
Jtotal 41.43 5.59 7.83 12.42 16.82

1) No 9, 11, 12, 13, 14, 152] FA

49, 7d 9 100 247 A sk PAHsE A3 Aib=
Table 4~ 83} Zt},

TAA G FHEA G2 PAHsS 4 A¥= Table 49
el gl ol & PAHsS 7 9ol ALH 1¢€ 67.69
ng/Sm’eg 7P A AEHI e, 1 9] YA A7] oA

= 8.94 9.43 ng/Sm’ 2.2 H|x=3F vl T3 WA PAHs®E
Z PAHs®F EH7IA| &2 190) 71 wo] AE=HUh =4
2= 1¢, 49, 7@ 4 10¥€9 <= indeno (1,2,3—c,d)pyrene,
anthracene, indeno (1,2,3—c,d)pyrene ¥ anthracene ©]

Zzy 71 gol A= Elen, A4 Het-2 indeno (1,2,3-
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Table 6. PAHs concentration according to the sampling times at Jeonpo dong in Busan city (unit : ng/Sm’)
Sampling time
No. Compounds Abbre. Jan. Apr. Tul Oct Average
1 Naphthalene NaP 0.00 0.00 0.01 0.00 0.00
2 Acenaphthylene AcPy 0.08 0.00 0.08 0.00 0.04
3 Acenaphthene AcP 0.01 0.02 0.00 0.00 0.01
4 Fluorene Flu 0.31 0.06 0.04 0.04 0.11
5 Phenanthrene PhA 2.06 0.79 0.73 0.86 1.11
6 Anthracene AnT 4.23 1.63 1.49 1.77 2.28
7 Fluoranthene FluA 2.20 0.54 0.99 0.69 1.10
8 Pyrene Pyr 1.49 0.27 0.91 0.65 0.83
9  Benzo(a)anthracene BaA 2.47 0.04 0.24 0.30 0.76
10 Chrysene Chr 1.74 0.05 0.38 0.32 0.62
11 Benzo(b)fluoranthene BbF 3.26 0.07 0.44 0.48 1.06
12 Benzo(k)fluoranthene BkF 3.80 0.06 0.49 0.54 1.22
13 Benzola)pyrene BaP 0.11 0.01 0.50 0.67 0.32
14 Indeno(1,2,3—c,d)pyrene InP 8.89 0.08 1.85 2.11 3.23
15  Dibenzofa,h)anthracene DbA 0.67 0.02 0.08 0.17 0.23
16  Benzo(g, h Dpervlene BghiP 1.61 0.02 1.35 1.50 1.12
X carc! 19.20 0.28 3.60 4.26 6.83
Ytotal 32.91 3.66 9.58 10.08 14.06
1) No 9, 11, 12, 13, 14, 159] A
Table 7. PAHs concentration according to the sampling times at Yeonsan dong in Busan city (unit : ng/Sm’)
Sampling time
No. Compounds Abbre. Jon. Apr. Jul Oct Average
1 Naphthalene NaP 0.09 0.00 0.00 0.00 0.02
2 Acenaphthylene AcPy 0.15 0.00 0.00 0.00 0.04
3 Acenaphthene AcP 0.00 0.01 0.00 0.00 0.00
4 Fluorene Flu 0.28 0.02 0.00 0.00 0.07
5  Phenanthrene PhA 1.48 0.35 0.15 0.25 0.56
6 Anthracene AnT 3.04 0.10 0.32 0.51 0.99
7 Fluoranthene FluA 1.87 0.62 0.91 0.44 0.96
8  Pyrene Pyr 0.92 0.27 0.75 0.47 0.60
9 Benzo(a)anthracene BaA 0.89 0.24 0.17 0.26 0.39
10 Chrysene Chr 1.48 0.45 0.30 0.25 0.62
11 Benzo(b)fluoranthene BbF 1.79 0.65 0.34 0.38 0.79
12 Benzo(k)fluoranthene BkF 2.08 0.70 0.37 0.42 0.89
13 Benzol(a)pyrene BaP 0.11 0.39 0.27 0.58 0.34
14 Indeno(1,2,3—c,d)pyrene InP 5.56 1.09 1.37 1.30 2.33
15 Dibenzofa,h)anthracene DbA 0.26 0.29 0.08 0.13 0.19
16  Benzol(g,h )pervlene BghiP 1.14 0.03 0.91 1.01 0.77
X carc! 10.69 3.36 2.59 3.07 4,93
Ytotal 21.14 5.22 5.92 6.01 9.57

1) No 9, 11, 12, 13, 14, 152] 34|

c,d)pyrene > anthracene > benzo (g,h,i)perylene &2 2 o] HEHEAE UAA PAHs E3F & PAHs® nfR7IA & 1
wWol A& =k ol 26.17 ng/Sm’ 2.2 7P wo] A& EHIth EFERE 1

TAA Y FHE AP 2] PAHs Q] 4 A= Table 59 Hof+= Indeno (1,2,3—c,d)pyrene » Benzo (g,h,))perylene
yetislch s A9 vEdrR 2 AL E] 199 7 > Benzo (k)fluoranthene 420 & o] A& E|¢lor 4Y9
ol AEEYen I ez =109) 7¥ ) 49 -2&2 % & anthracene ) phenanthrene ) fluoranthene =22 7
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Table 8. PAHs concentration according to the sampling times at Gijang eup in Busan city

(unit : ng/Sm’?)

Sampling time

No. Compounds Abbre. Average
Jan. Apr. Jul. Oct.
1 Naphthalene NaP 0.01 0.00 0.08 0.00 0.02
2 Acenaphthylene AcPy 0.08 0.07 0.08 0.00 0.06
3 Acenaphthene AcP 0.01 0.00 0.00 0.00 0.00
4 Fluorene Flu 0.05 0.03 0.01 0.01 0.02
5 Phenanthrene PhA 1.04 0.38 0.17 0.17 0.44
6 Anthracene AnT 2.15 0.13 0.34 0.35 0.74
7 Fluoranthene FluA 1.89 0.54 0.60 0.33 0.84
8 Pyrene Pur 0.93 0.24 0.53 0.26 0.49
9  Benzo(a)anthracene BaA 0.97 0.20 0.11 0.14 0.35
10 Chrysene Chr 1.33 0.32 0.22 0.15 0.51
11 Benzo(b)fluoranthene BbF 1.66 0.32 0.26 0.23 0.62
12 Benzo(k)fluoranthene BkF 1.92 0.35 0.28 0.24 0.70
13 Benzola)pyrene BaP 0.10 0.25 0.19 0.24 0.19
14 Indeno(1,2,3—c.d)pyrene InP 5.25 1.17 0.99 0.69 2.02
15 Dibenzof,h)anthracene DbA 0.33 0.03 0.05 0.06 0.12
16 Benzo(g, h Iperylene BghiP 0.97 0.03 0.64 0.49 0.53
S carc’ 10.22 2.33 1.88 1.59 4.01
Jtotal 18.68 4.07 4.57 3.35 7.67

1) No 9, 11, 12, 13, 14, 159] 4|

Hofl+= Indeno (1,2,3—c,d pyrene > Benzo (g,h])perylene >
Fluoranthene 22 183 10¥€9+= Indeno (1,2,3—
c,d)pyrene » Pyrene > Benzo (g,h,I)perylene 2. 2 Ho]
AE=ATh B3 FHX Y9 ¥ PAHs =& thEX Yo H]
3 A AEEN e, o3t A= & 5279 9w Feo
THUAY PAHs Y] F=7F th2 A9 vls| =4 A&t
= At ATobE 22 Agolgltt, E3F Martina 5% 5%

A Afsdad 34 59 FeE TAA9Y
PAHs9] 5% 7F i A9 9] PAHs?| FEHETH A4 A& =%
thal KR aisied et

AR A Q1 MEF A9 9] PAHs £4 A= Table 69 Y
B ¢leh, FAAG 3 nig 7] 2 AL HE 19 7P gol
AEFERNOH I o2 =109 ) 79 ) 49 0.2 Wol]
S5 ok, Wk PAHs ¥3F & PAHsSF w7 2 199
19.20 ng/Sm? & 7P Wol AE U EFERE = 19
+ Benzo(k)fluoranthene©], 49|+ anthracene©], 7€}
10¥9+= Indeno (1,2,3—c,d)pyrene®] 7F4 wWo] HAZEAN
o}, U PAHsY 9ol = 1€9= Benzo (k)fluoranthene
o] Igjal Y] Al7]of A= Indeno (1,2, 3—c,d)pyrene®]
717 ol A&t

FAAA R Aibs 9] PAHs O] £4 Hit= Table 73t
aoh, FAAG oY AAAG T} A 2 AL H] 199
21.14 ng/Sm* 2.2 7P wo] HEE g on Wel/d PAHs E
3t 190 10.69 ng/Sm'e.& 7P wo] HEEUh BdER
= ZAAF A A7) oA Indeno (1,2,3—c,d)pyrene®] 713

Lo

2

ol HE =t

fxA Hgoz AAE =AA 9l 7145 A9 PAHsO| &
AT = Table 87} A}, thE A3} vz A2 A&HE A 1
o]l 18.68 ng/Sr o7 71 Wol AEE Qo Bri ElX
Aol Hlal| &4 ottt EAE R AN A A17]ol Al B A
A} mpE7FA] 2 Indeno (1,2,3—c¢,d) pyrene©] 7 wo] A&
o™ Indeno (1,2,3—c,d)pyrene?] AHE+ == 2.02
ng/Sm| ek, ZAFN G A Kol Al A& 1€l 7MY =
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AR ZF A9 E EX| o] ER RSl FIA Y
(A%, AYE), AAADHAEYE), FAAG (A4S @ =

19071%43) 5 & 5vdl Y AlRE AFEER 200749 14,
49, 749 9 1099 27 A3 ste] Wk 4 PAHs/F PAHs &/
o] B]E 243t A3 Fig. 4 2 Table 99} 2},

% PAHs9| 5=7F 73 £ ¢ 199= ¥ PAHs & U
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Table 9. The ratio of carconogen PAHs/total PAHs

AR

N
flo
ox

Carconogen PAHs/total PAHs ratio

Sampling sites o, Apr. Jul Oct Average

Industrial sites Gamjeon dong 0.57 0.27 0.56 0.32 0.43

Janglim dong 0.63 0.28 0.38 0.41 0.42

Commercial site Jeonpo dong 0.58 0.08 0.38 0.42 0.36

Resident site Yeonsan dong 0.51 0.57 0.44 0.51 0.51

control site Gijang eup 0.55 0.49 0.41 0.47 0.48
H= s, B9, Axs, Abs 9 73S AdolA z+
s 7 oF 2.61, 3.21, 1.89, 2.89 9 3.22% UERNIT, dwb#o
: 2 PAHsE WA 127} 448 kg BAR 193 i
: S A7t BES Sl YRR ol T Ao
i ! 2 dmAs 24 Rl 2o @ Ajo)A I 2ol
10 o] A= L‘—_-_ﬂogljl_o 2] B4 R 2K
_. IEE === :HEHEEEHEEE wol dEHe A P A=A PAHs 2ote 12

jan | Ape | b | Ot Apr, | bl e Apr | Jul. [Det | dem Age | Jul | Det

Ieanpe dong Fromian dang jang sup

Samgling sites

Fig. 4. Distributions of carcinogen PAHs and non-carcinogen
PAHs.

PAHs/Z PAHs 9] vl&= 0.36~0.519] ¥l gom Hxs
A9 7 W PAHs7F 7P A HEH 499 PR
oY PAHs/% PAHs® B7F 0.3628 7H @A vkt
o}, ole} T2 AHIt= Manoli E. 53 Papageor—
georgopoulou A, 59 AFZAIA YErWH 0.32~0.37
2 0.21~0.88 Hthi= oFF =& S YetUigih

UKt PAHs/7tA 4 PAHs 2%2H|
3 PAHsY| IAH4H/7h24 B 22 )
% PAHs % A7k B9 R¥HE Fig 5 ¥

Table 102+ Zt}, A4, A5 E AL 5 A9 44E Al
Qat il AL A A L A A7 oA AR R o] 7t
24 B R go] AEEelen, 1 87t 7 B2 1¥oll=
2.96 8329t 7zt A9 A F ARFEH/7IAAY BH 9

WA PAHsO A/ 7t2A BE B2

Hekd PAHs 5 A/ 7k B4 9] v Fig. 6 2
Table 1137} Zth, WA PAHs= RAFHA A Y 9 A A
710 A AR B o] iaAr B Hg) X o Wol HE
Hom, E35] 199 A% 1 87} 236.6~814.52 YELL O

B QA B AL @ 4 doleh A R A9 2

M Particulate PAHs

Vapor PAH:

PAHs concentration (nzfSm’)

40
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0 I
10'
H.H _" ) -I H..IH.HH.

|fan | apr | nad |t lan (Apr | Jul (Oct | dan Apr | Jul (Oct dan |Apr | Jul |Oct |fan (apr | bl |Dct

Gamjeon dong Ianghm dong seonpa dong Yeonsan dong Gyang eup

Sampling sites

Fig. 5. Distributions of Particulate PAHs and vapor PAHs of
total PAHs.

Table 10. The ratios of particulate PAHs/vapor PAHs ratio of total PAHs

Carcinogen PAHs/total PAHs ratio

Sampling sites o, Ao, Jul Oct Average
Industrial sites Gamjeon dong 3.89 0.55 577 0.81 2.61
Janglim dong 8.32 0.57 1.57 1.53 3.21
Commercial site Jeonpo dong 2.96 0.13 1.45 1.54 1.89
Resident site Yeonsan dong 4.38 1.55 1.70 2.79 2.89
Green site Gijang eup 5.10 1.94 1.63 2.29 3.22
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Table 11. The ratios of particulate PAHs/vapor PAHs ratio of carcinogen PAHs

Carconogen PAHs/total PAHs ratio

Sampling sites Jan. Ao Jul Oct Average
Industrial si Gamjeon dong 361.7 40.1 56.9 33.6 142.7
ndustrial sites Janglim dong 814.5 46,8 37.6 39,5 132.5
Commercial site Jeonpo dong 354.6 6.7 32.3 23.7 72.6
Resident site Yeonsan dong 298.3 3.8 16.0 75.4 20.2
Green site Gijang eup 236.6 54.7 19.0 435 73.6
P ot WIS
En F
E 15 + : 1.8 !
§ o 1 -
oM e M e “..IHHHIHHH oo | : | 1

Fig. 6. Distributions of Particulate PAHs and vapor PAHs of
carcinogen PAHs.

A A7 oA WA PAHs Q) QIARAME R/ 7EA A B2 9] w)7)
1 oltolslon, 7+ A9l B AR /7AA B 9 vt
20.2~142. 725 A PAHs= & QA4 B4 &2 25
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A Q)7] Wil thEE AAL Bk A B R EX)j e
Ao 2 ghtE 9ot

Source of PAHs

1652 PAHs % 29 9S 343 4= 3l parameter”|
U2 Phenanthrene/Anthracene® 4|2} Fluoran —
thene/Pyrene® H|&o]t}, AW ©=F Phenan-—
threne/Anthracene® H|7} 10Xt} #3l Fluoran-—
thene/Pyrene®] |7} 15t} 2 2F Y-S AR o] 1 v
2 Phenanthrene/ Anthracene®] H|7} 10Xt} Z 31,
Fluoranthene/Pyrene®] H|7} 1Ht} 2o W 9 UL 3}4
Am B A A = Fig. 7 € Table 12014 Hi=uke}
o] ZAAY A A W AR A A7) oA Phenan—
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Fig. 7. Relationship between FluA/Pyr and PhA/AnT.
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Table 11. The ratios of particulate PAHs/vapor PAHs ratio of carcinogen PAHs

Phenanthrene/Anthracene Fluoranthene/Pyrene

Jan. 0.487 1.248

Gamjeon Apr. 0.486 2.051
dong Jul. 0.484 1.082
Oct. 0.486 1.051

Jan. 0.486 1.035

Janglim Apr. 0.486 1.270
dong Jul. 0.486 1.011
Oct. 0.486 0.598

Jan. 0.487 1.479

Jeonpo Apr. 0.486 1.997
dong Jul. 0.486 1.088
Oct. 0.486 1.071

Jan. 0.486 2.032

Yeonsan Apr. 3.392 2.283
dong Jul. 0.484 1.207
Oct. 0.485 0.949

Jan. 0.486 2.025

Gijang Apr. 2.824 2.274
eup Jul. 0.484 1.130
Oct. 0.484 1.291

P Ih= ko] 0.0052 4*301 = AS R YEhyith, PAHs
sl o £ BApeo] weh AR Es} 27} v 3 oy] Lo o
§ o

Fig. 8. Relationship between co-planar PCBs and PAHs.
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Fig. 10. Relationship between PAHs and temperature/PM-10.
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