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Air pollutants are an important environmental concern particularly for the mega-city which has various pol-
lutant sources. As a preliminary study, we investigated the levels of criteria air pollutants (SO,, CO, NO,, O;,
PM, 5, and PM,) and polycyclic aromatic hydrocarbons (PAHs) in Busan, Korea during April~November
2010. Among the 16 US-EPA priority PAHs, 13 PAHs excluding naphthalene, acenaphthylene, and acenaph-
thene were quantified. The levels of gaseous and particulate PAHs were 1.58~9.52 ng/m® (mean: 4.77 ng/m’)
and 0.98~5.21 ng/m> (mean: 2.84 ng/m’), respectively. PAHs were positively correlated with SO,, NO,, and
PM, 5, suggesting that they had common emission sources. According to a pollution rose diagram, PAHs and
criteria air pollutants seemed to be influenced by major wind directions, but this effect was not so significant
due to geographical characteristics. On the basis of this study, the spatial distribution of PAHs can be simulated

with those of criteria air pollutants.
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LM £

t}shabakEebsl 4= 4 (Polycyclic aromatic hydrocar-
bons: PAHs)= thEA<l #3it)7] 2.9 E2 (Hazardous
air pollutants- HAPs)EA] F 7 o)At W&k ag)7}

538 #7109 dolt. PAHsE IR} f7189)
E%xd Aol o8] 7] Fo2 MZEH, hEAGIA
= A w7k, 71 O A0EH S0l F8 )

N'r

Zdo8 etk 7] o wiEdE PAHs= 714/
QIxA} Bujlo} A . &2 A2 B3 x]i:aj_ﬁoﬂ )

o] Tl ABIE AN E=R, A7 oEL

"To whom correspondence should be addressed.

7| LG EA o] Aol Eel 3 F-POPs 2GA

ol Howmz oA fsA] ZHolA TiEAleA Y]
PAH BUJE|e] %R3jc). FURAATAolAE 2005
d /\]i}}j}%)‘]’% Ul/]]ﬂa A]—iﬁ ]z'_i 201349 X
AL A FQ AT A|A] HAP ZUEE A}

Tel: 82-52-217-2811, Fax: 82-52-217-2809, E-mail: sdchoi@unist.ac.kr



240

Fo 2
0%

U_\Iu mlO

Slal it ol9} e AFE Fal, Al F
,AE FERE, A 5 FH
7FelerS A2 I T
7l edEd A A 9 A
A AR, SAYE, 385
LD o} 474 tleajola o] EAZQ) PAH ZUEH
TR okt
= tl=AlelM 9] t71373 7|52} PAHsS]
TEE] S8k oRjATEA FAakged A (@]
} FAA)E AP o s At kil =
WollA 7H & 729 FTEAEA (20099 ST+ 357
oy, W3 767 km?), 7|99 EE wiEHo] H=Z o
2 B TAOth A& B9, 2007 71EoE A&}
b o ® Be ofe] HAENOx)S wiEsIsl
o, Mufz} HEAH] AFGAREO R Q3] &4t o
o= A (SOx) MiEe] B Zo& B
L8 35 SAU7 1S AkEel 95, ok
O} E2(S0,)9t AAkslekAi(CO) Fies Al 2047F
r58] FHashe Ao, dAle TR timAle) Hls:
3 FEFES Holi itk 2y oAl ANO,), 2
Z(0y), MMUPAPM, )= FBlEH HAaFAE HolA] &
3, Og= 93818 AKHOR Frlehes AR Ak
7t A=A 7Y e A¥He 71538k Atk
FAA] g7 .ol ek A AN A7AEEe] 9
3 71837 1FEA AFE FEEo] bl ngks
719 AEZ it A P2 59 PAH 295
2,19 o] &2le] 714 QA Hull,10 PAHso} HE51)
vl o] iy 1819 el Q)8 o]4-3k PAH A
A7 20 55713715 o83 Z2|g3H|=d (PCB)

L_CJ
o off FU{N' ‘D’
ot
Ja

N
12
E

S

Y

_8‘ g
Ty
i

PE
re
-

2
I
b

{0 ]-o
J
o
l

O

C) Air pollution menitering station (Bugok-dong)
@ Air pollution monitoring station (Yeonsan-dong)
@ Pusan National University (Sampling site & AWS)

LA - oA - 2

4

a7

BUHYD So| Faseiry., Aol PAgeARA
SRR T TRl 7] bR

Pieko sy dultir| e dede] eddgds vt
1A=l Fx o=z v = Qlrk, & HAMe 4
7dohe, TE5, 43, WR7IskRE, tolsal
EAAIE AATSEL (v, eyt ofds] FAkA oA
HRU7] F vIedEdel i Ay B
gt Ay = t718AARY 5L
3 falc71EdE7g7e] PAH A=S 37HskL e
U, g 13 248 A8E 7ke® sl glevw, o
HE APRE FakrlelA o] PAH Q9SS Hofsial A
Tl &&=l FAI7E AUk

B A7elMe 71l BAAE tPdes ¥ PAH
EUEE dvsde g9, 7PERds wredriE
2 Fslel] mE PAHs SASAS vlefshe oy
HUEPES sk ol2 S8l ti=Alelx 9] PAH
EUHY 72 24%0= s fsl 1T A}
&2 A8k

==

*
i
2o e

A

)

v
Of
i

offt & rr o2t

3
u

=125

2. M2 Ay

2.1. AlEAk|

ARAFAR R FREe] 9B AR W
2 % gow, FAXG 2] 2L B4
o W 4 gk FkElnE NelslickFig 1), )
oA MiEElE QBA A MjETie] dae H
aslst) sl AR 65 S0 Mg AR
e ARE B sk 9ot Yo
A AAE T W FU0 AR Aok, T

g

O L v .
i Pusan National University
= ’/ ' &t

Fig. 1. Location of sampling site in Busan, Korea. There are two air pollution monitoring stations, which are located near

the Pusan National University within 5 km.
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Table 1. Meteorological conditions at an automatic weather station (AWS) located on the Pusan National University

Sampling time Temperature Humidity Precipitation ~ Wind speed Wind direction
°C) (%) (mm) (m/s) ©

April 02 (10:00) — April 03 (09:00) 9.5 273 0.0 2.47 W (260)

April 06 (13:00) — April 07 (12:00) 11.9 60.5 0.0 3.43 NNW (343)
April 13 (13:00) — April 14 (12:00) 7.2 26.0 0.0 2.87 W (280)

April 16 (13:00) — April 17 (12:00) 8.6 47.0 0.0 1.76 S (189)

April 19 (13:00) — April 20 (12:00) 14.2 87.0 10.0 1.15 SW (227)
April 23 (10:00) — April 24 (09:00) 8.8 80.5 6.5 1.35 NNE (31)
April 24 (10:00) — April 25 (09:00) 10.5 57.1 0.0 1.56 ENE (62)
April 27 (13:00) — April 28 (12:00) 104 45.5 0.0 3.04 SW (228)
April 28 (13:00) — April 29 (12:00) 9.3 60.3 0.5 2.93 SSW (204)
May 04 (13:00) — May 05 (12:00) 20.9 81.1 0.0 1.86 S (191)

May 10 (13:00) — May 11 (12:00) 15.9 72.3 0.0 1.89 NNE (31)
May 19 (13:00) — May 20 (12:00) 21.1 71.6 0.0 1.70 SW (235)
Sep. 29 (13:00) — Sep. 30 (12:00) 18.7 43.3 0.0 1.38 NNE (22)
Nov. 09 (13:00) — Nov. 10 (12:00) 7.5 43.3 0.0 2.37 SW (234)
Nov. 12 (13:00) — Nov. 13 (12:00) 9.5 51.1 0.0 1.40 WSW (252)
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Fig. 3. Temporal variations of criteria air pollutants at the Bugok-dong station in Busan during the sampling period.
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Table 2. Average concentrations and ranges of gaseous, particulate, and total PAHs during the sampling period at the

Pusan National University in Korea

Compounds Gas (ng/m”) Particle (ng/m°) Total (ng/m>)
Mean =+ SD Range Mean += SD Range Mean + SD Range
Flu 0.61+0.26 0.13~1.03 ND 0.61+0.26 0.13~1.03
Phe 2.84+1.41 0.98~5.21 0.19+0.12 ND~0.41 3.03+1.48 1.10~5.62
Ant 0.14+0.17 ND~0.49 ND 0.14+0.17 ND~0.49
Flt 0.64+0.34 0.12~1.32 0.32+0.25 ND~0.95 0.97+0.50 0.27~1.98
Pyr 0.52+0.35 ND~1.52 0.25+0.25 ND~0.78 0.77+0.56 ND~1.93
BaA 0.01+0.05 ND~0.18 0.13+0.27 ND~0.76 0.14+0.30 ND~0.92
Chr 0.01+£0.04 ND~0.16 0.21+0.30 ND~1.07 0.22+0.31 ND~1.07
BbF ND ND 0.54+0.64 ND~2.14 0.54+0.64 ND~2.14
BKkF ND ND 0.08+0.14 ND~0.42 0.08+0.14 ND~0.42
BaP ND ND 0.09+0.21 ND~0.75 0.09+0.21 ND~0.75
Ind ND ND 0.19+0.34 ND~1.23 0.19+0.34 ND~1.23
DahA ND ND 0.01+0.03 ND~0.12 0.01+0.03 ND~0.12
BghiP ND ND 0.17+0.25 ND~0.90 0.17+0.25 ND~0.90
13PAHs 4.77+2.31 1.58~9.52 2.23+2.65 0.10~9.20 8.72+4.71 2.91~19.0
ND represents not detected.
 PMy, FEE 277 pgm*AA T £ AFolxes 119 +FsL 2leH, PAHs
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jeAle] CRElgERs s ]2

: 8.72ng/m’) WARA 7|Ade] dgoz 01811*1
Phe7} 71 5 EER03ngmd)E HAEHAL
Pyr, Flu, BbF <=2 ZH=Hdtt ol2fst & %E—t— %
o] dixAel w7 EEAgel AFE I, ,PAHS:
2.63ng/m°, Nov. 2001~Aug. 20032Ec} =29k A&
(Z,;PAHs: 59.1 ng/m®, Sep. 2002~Apr. 2003)*3} =
&H(Z,,PAHs: 58.6 ng/m®, Oct. 2010 HTh= Yigkt).
E£3], = w|o]4(Z,;PAHs: 205 ng/m®, Sep. 2008~
Jul. 200993} 34-9-(2,,PAHs: 330 ng/m®, Apr. 2001
~Mar. 2002)*"52.t} v]§- B Folinh 7h B9
£, AYA 99X, AsANF A7I7F EER A A
W5 53 SHFES ditslelrl= ofHAIRE A
o 7EH PAH TS = thieale] dnkxel
99FFET Yo Ao Hokdt, 2010 faith7]
EZAEAY Aol oshH, FAke] PAH &+ AL,
o7, 1A, FF, i 5] =] oA 7R B
FFolIATY
AEANFHLD e 7AH RIS =2 vE-S Fg 5
o UFERAQITE 59 19¢3) 119 1298 A 1?& Al =AY
Fdel PAH ¥ =143 +9474)7F 10 ng/m? o)}
2 Yehgon, 7|Ad v 47~97% (B T5%)=
A AR O 7IA R FEE Bol wotth
B 7R AR ARE AP oH, TR EdE AR
WF7E Al el Bglong A e T3t v
Hels A2 o UTh L@ 19, 23, 28 )el=

FAHH 0= Q8 PAH s57} 24T 4 dov, 745

57 i8S SIg AT 245

ol BA FUorE thE AEANFHYH vlaste] &
8] 7HAskA] skt

PAHs= F2 29 A4apgor] APEER s34
AE AREFO] STtele AL st i1 A5F
o T=7F W& Zo] dnbAoltt. & A= B3t
718t A EE AFHZ o g PAH wiEe| Fi3
zto|7t dl7d=A] =ttt webr] dE FEmsk(Fig. 5)

€ T /1SRG, S T 29 )

£ 232 e, 2, Bl FHoRNE)
4712 oSl G e FPsHo] IA, AEA
Aol WEAG) A o B ATNE B

A7) o]5S SR Uttt HA A AL 7=
H 49 2797 11€ 129 9A], S3olA wiEE oY
o] P Weke P54l AT PAH FE55E
ke Foa s Pk ATl
3 AR °ﬂ% Iz} PAH H|8o0] Z7kh= AL
g0 3 gAp|7el 119 1290 A
=9} H]go] =713tk 2y vlwE oksl ALY
olom s 7A QA Bulot St AdHos An
=tk @sk] ot

o) rmf”

OH buorr £ ﬂﬂﬂ
f

3.4. PAHs®} L7 |8tH7 | EEE0| 2HEN

EAx7] =273 IBM SPSS 20& o|8-&l] PAH
SES, WS EA, 7PIRES] RS
SIS tH(Table 3). 71A/AAPgel w}2 71E 135 PAHs
o i E AeHEA S AAEI oY, TR vt

(a) Gaseous and particulate concentrations

20

§15 9

2 m particle

c

S 10

o

g I

g 5 I
3 |
o0_--.-___._ m . .

(b) Gas/particle fractions
1.0

0.8
0.6
0.4

Gas/particle fractions

= o1 |
U E_-=1

4/2  4/6 4/13 4/16 4/19 4/23 4/24 4/27 4/28 5/4

5/10 5/19 9/29 11/9 11/12
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Table 3. Pearson correlation matrix of PAHs, criteria air pollutants, and meteorological parameters

Tem- Humi- Precipi- Wind Wind

G-PAHsP-PAHsT-PAHs SO, CO NO, O; PM,, PM,; pera- dity tation speed d1'rec—
ture tion
G-PAHs 1
PPAHs 064* 1
T-PAHs 0.89%* 0.92** 1
SO, 050 0.75%* 0.70%* 1
CO 008 005 007 011 1
NO,  0.76%* 0.67** 0.79** 0.71** 003 1
0, -051 -011 -032 007 023 -042 1
PM,, 030 046 043 047 034 007 025 1
PM,5 057% 0.69** 0.70** 041 029 027 008 08I** 1
Te‘t’zlﬁm' 036 037 040 027 030 009 000 063* 059% 1
Humidity 042 025 036 017 -0.04 -0.06 -0.07 035 061* 0.66* 1
Precibi- 518 021 003 013 -042 000 051 029 -009 002 039 1
tation
Wind
speed 060 021 043 011 013 048 065** 002 020 036 028 045 1
Wind %
S 002 013 009 006 016 015 007 016 001 -024 -026 -014 059* 1
direction

*Correlation is significant at the 0.05 level (2-tailed). **Correlation is significant at the 0.01 level (2-tailed).
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(c) PM, 5 (ng/m3)
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Fig. 6. Pollution roses of SO,, NO,, and PM,; during the sampling period.
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