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Abstract

The concentrations of polycyclic aromatic hydrocarbons (PAHs) and elemental carbon (EC) in particulate matter,
typical primary aerosols have decreased in Seoul between 2003 and 2018 (80% for PAHs and 85% for EC). The yearly
mean benzolalpyrene (BaP) concentration has been lower than 1 ng/m3 since 2010-2011, the target value set by the
European Union (EU) and China. A series of policies related to solid fuel and vehicle in South Korea and China
should be effective in the reduction of the ambient PAHs and EC concentrations. But the emission data of PAHs and
EC at both countries did not support that hypothesis. Possible causes are uncertainties in the emission inventories
of primary carbonaceous aerosols in South Korea and China, although there may be a minor effect of the emissions
from North Korea on the concentrations in Seoul. Thus the further policy directions against PAHs and EC such as
improvements of emissions inventories and measurements, intensive regulation of non-road mobile sources and

control of PAHs derivatives are discussed.
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mehA] 2UAARE EHHOoR A flsiAe
71389 A, o, ¥g AA B gt LA
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R0 2E&2 TAHoA AH HiEEe A #
7] oflo]2Z(primary organic aerosol, POA)¥} o] &
AF7IAE0°] th7]oA §ESSte] A== oA /7]
oo]2Z&(secondary organic aerosol, SOA)Z &
o = Stk dAt /7] dol2E9] tiEE2 AR
U AAARY] Aa oA EXHALE Qs EA
gt} wEbA Gt §7] colEE w2 EYHALY
gEHQd  AE BEEA  GASEA(carbon
monoxide, CO)St Y44t
EO)Y Hi&xt dxotA A= o] UCEE(Hong et
al., 2016; Ohara et al., 2007), CO% ECE POCS]
AEE ARG F Qlth

A7l 2E9] EAQ] FEY shvb= thebY
= Bk A(polycyclic aromatic hydrocarbons,
PAHs)oltt. PAHse= 57 ol4te] Widlne]zp Agst
A7IBRER At ¢, A3 59 wiEdolA
71 daagolA BEEHMu et al., 2015). =
A tfEES] JAY PAHsE ZUIAHA A7)0 &
Z3ltk(Seinfeld and Pandis, 2016). PAHs= QA
flsfgdol AA F3l t7] 29 E&(Hazardous Air
Pollutants, HAPs)Z F-E50] 911, PAH Z& 71
o gy oz =/4go] et EES AHste] HEst
At w= 54247 AW 7]1E5+(United States
Agency for Toxic Substances
Registry, ATSDR)2 PAHs % 17 AES $A4ue
PAHs(Priority PAHs)Z A3kl #Eska  QUct
(ATSDR, 1995). o= FHETHU.S.
Environmental Protection Agency, USEPA)2 o]
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H PAH 74 EA4o] 73t benzolalpyrene (BaP)
AEo] sl dEdsx
target annual mean value)® 1 ng/m*2 2433+
J(EU, 2004), $=2 BaP W7] 5= 71&& 4B+
2.5 ng/m’, A¥F 1 ng/m’e2 AHSFAHMEE,
2012). -8yt oF&] PAHO tigt ti7|gHg 7o)
At

ECe ©AgA ogte] g Yot 23 E4E
AL T oA ABAEHSeinfeld and Pandis, 2016).
EC= 9F 550°C AofA delr] d= 245 XX
te B FTHoR JFIFAHE A B4R
2l black carbon (BO)%} |53t HAoltk(Seinfeld
and Pandis, 2016). € 550°C olstollA] Fist= 4
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TFE F7] ol TA71 &} Ak, A3 gl o
of B2 A7 APHL Yot

PAHs®} ECE AR HiSHE dadE A=
AgagE AR, 22 viEdolA HEE, A &
S/go = Qe W2 A7t PP o, E5] A7t
@2 Ao FFHol 9th. Han et al. (2019)2
2002~2013d Ate] T PAHs ArE HiEo=
PMF R4& A&l 38 2 F99 Al 7]o=
FolE  EHsYt.  Choi et al.  (2024)2
1993~20184 Afo] &3 PAHs & F-ol& £43}
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71849 FAol 2 AL, FEHENA HA AIFPEo oBE Z7], AR g, £4% A& e &84 9
'2IE WUist & AFoz IAE7] wfEoltt (G &9 AEE H 1°] 95Tt & 19 BXo] Z+
=0 A9 dir|He] A, 717tk A3k dolgF Z7]7F hE2XRE, PAHs7}

ALIYof A == EFolA HEE mAooEE
2. XI= 99(fine particle range, 1 um °]3} Z7])o &4t

tH(Seinfeld and Pandis, 2016). $FFo|A =43t
Atz digt FE= 37 200 AR AZoll= 270
A9 EASZLCHET, P 17449 E2H &
BAEVIHE)ZE oA, EASAHA T 29 Bds
TE A9 PAHs =& AASAL

o] eAol A AH&3F PAHs Atg+: (1) AlZolA &
° A71H~14 B 1 o)) AmE AR £,
Aol Zrojstal skeAlol AAE A=t 2) &
A7 EESAY A= ket ALY =AS%
Foltt. gEAo AAME ==l A" 4713
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o
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Table 1. Previously published studies on PAH concentrations in Seoul. Sampling duration in these studies
was 24 hours.

Period Pasritziecle SI;I;' pfefs . gﬁ%g{{% . Sampling site Reference
Beiems® e PRI e oo
Mo JOCAEIT piym SR a9
Apr. (21%1(£§§§hs)zom PMio 52 16 Secul National Saiversity Choi et al. (2016)
Oct. 2012 Sep JO15 pans 114 16 Sciglocieeaa,r{rdlszfiteugfnglfogy Kim et al. (2016)

(37°60'N,127°05E)
Jan. (21021%1851&5)201813 PM, s 117 14 Air pé?%%% E%%%?gi&)emer Kang et al. (2020)

a. The concentration of Chry in 2006-2007 includes triphenylene.
b. The concentrations of B[b+k]F in 2010-2011 and 2018 represent BbF.

Table 2. Information on the measurements of PAHs in Seoul provided by Ministry of Environment (MOE, 2020).

Frequency of No. of
Period measurement Data type compound Sampling site Reference
s s
Jul. Once per 1 H 'd (37°SS'N 126°97’E)
2005-Dec.  quarter of Quarterly 7 angang-daero o/ 3 N, 1249 Z/ )
average Gangnam-gu (37°52'N, 127°05'E)
2005 a year 8 & § .Annua}.Report of
Jan. Hangang-daero (37°55'N, 126°97'F), ~ Air Quality in Korea
2006-Dec.  Once per  Annual 7 Gangnam-gu (37°52'N, 127°05'F),
2011 5 Gwangjin-gu (37°55'N, 127°09'E)
Jan. Hangang-daero (37°55'N, 126°97'E),
2012-jun.  Qreeper  Monhly 7 Gangnam-gu (37°52'N, 127°05'E),
2018 Gwangjin-gu (37°55'N, 127°09'F) Monthly Report of
) Hangang-daero (37°55'N, 126°97'E), Air Quality
Jul. 2018~ Twice per - Monthly 16 Gangnam-gu (37°52'N, 127°05'E),
& Gwangjin-gu (37°55'N, 127°09'E)
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X 19 AA"E PAH AEL 14~17 FolH,
naphthalene  (Nap), acenapthylene (Acy),

acenaphthene (Ace)d fluorene (Flu)2 97] A
oA hREE ZIAGCE EAtEE Fol&EA oA A
QI5telet. mEtA FolEAo] AMERE R 12580l
ol S ZEth (Phen),
anthracene (Anthr), fluoranthene (Flt), pyrene
(Pyn), (Baa),
(Chry), (benzolblfluoranthene (BbF)+ benzolk]
(BkF)),
indenol(1,2,3-cd]pyrene

phenanthrene

benzolalanthracene chrysene
fluoranthene dibenzola,hlanthracene
(DahA), (Ind) and
benzolalpyrene (BaP) and benzolg,h,ilperylene
(BghiP). & 2°] AN FHFE AEE 753 165
o] B4t FRE= 2005ERH A= 167440
A PAHs 7%& 271¥E FHsI7t 20069 FH=
dEE, 24 20189 FEE A= 3471 FP40lA
W 234 1652 74t Utk 20059 RE &7

3t 7% BaA, Chry, BbF, BkF, DahA, Ind, BaPo]

Ace, Flu, Phen, Anthr, Flt, Pyr, BghiP°]tHMOE,
2020).

o] AtolAs E 1] AT 12F0] o Fol&
HEg F2 FYSFAT (2 1,PAHy). 18t E8of 2
Ao}t dAR AAE v Yo FEoE E4%H
659 PAH &% ¥[BaA, Chry, (BbF+BkF), DahA,
Ind, BaP, XcPAHs)& A8t BaP 5457
(BaP toxic equivalent concentration, BaPreo)=
PAH BEE9Y =& 7P 97t &2 BaPo 9
e} Blwst] sEE A4k #olth (Nisbet
and LaGoy, 1992). o] dqoA& 12% PAH A&9
BaPryoE 4] 13 Zo] A4kstich

BaPrro=(Phen)x0.001+(Anthr)x0.01
+(Flt) X 0.001+(Pyr) X 0.001+(BaA) x 0.1+(Chry) x 0.
01+(BbF)x0.1+(BkF)x0.1+(BaP) x 1+(DahA) x 1+
(Ind)x0.1 +(BghiP)x0.01 (1)

AH&SE OC 5=+ Kim et al. (2020)9] &t&o]H,
EC 5%+ Kim et al. (2020)¥} Kang et al. (2020)

I, 2018¥RH F7IR &AL 9% Nap, Acy, ARE ol AHEstHth. Kim et al (202002
> 6PAHs BaA Chry B(b+k)F
10 12 1.50
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Figure. 1. Comparison of (a) Z6PAHs (b) BaP (c) Chry, (d) DahA, (e) Baal, (f) B[b+k]F and (g) Ind
between MOE and the previous studies published in the journals. X axis is concentration from
the previous studies (research in the figure) and y axis is concentration from the National
Institue of Environmental Research (NIER) (MOE). The blue shaded area is the confidence

interval of the regression estimates.
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Figure 2. Temporal trend of concentrations of
ZPAHs (left axis, box), CO (right axis,
blue), EC (right axis, black), OC (right
axis, red) and POC (right axis, gray).
EC data are from Kim et al., 2020 (solid
line) and Kang et al. 2020 (dashed line).
OC and POC concentrations are from
Kim et al., 2020.

2003-201749°] A2disty AAFH A 04 3U T2
690 g 24417 AHE B3 OC/EC SX7|2 &
A3t Axjo|t}, Kang et al. (202002 2013-20184
Atolo] B35 44 AW ATAA 1A%
AF skl OC/EC &4712 BA43% AFott. CO &
9] A% AR mAY7IEHT AR F PAHs 5
ot FUSHA A& 27049 EASAHAET, FHT)

3
= =20] PAHs Aa7}t o], & A7 AP
HA gelste] 2% F42 S5t 19 10 23
Aol AR A 4% A7) Bt sk
HlwstiTh 24ollA AHstiRe] R Ant
20184 olHol 75& HASIoA, HluE F AR
2% BA% 6 JEIKBaA, Chry, Blb+k]F, DahA,
Ind, Bap), 6 482 HZPAHs)Ol thsf $31At.
o] AXE Amet BFR Ar] F4 77l 2
Aguks AARstoiA 2AAR7t WA o, Hlw Ao
A e g Hrlel7le 5T 28y F A Aol
71&71+= -0.1~0.98 $&4H9] A57}t ojd A+ A
Hr} oF 60% W& ZACR Holu, r2 -0.32~0.98%

Agel ARELHE 9 S wet 9 B Y 17

ok 0.6°02 UEHH ol & 2Pt AR =2, &
ARG o] Z8sl7| PETU= AL HoErh wabA
Yoo Ay 42 24 A7 A A3l ¢
AAISHA AAE sheRol] AE £d ARE &85
et

19 2= B4 A=79 ¥,PAHs 529 EC, CO &
= Q1 Aot} X1,PAHs HEE 2002~2003E%
H A& Z4sty 9tk 2002~20039 HEE 25.0
£27.1 ng/m*Pou 20189 BEE 4.80+6.33
ng/m’2 2 80% FL ZAstch PAHsS 7o E9
AdL AHEQ EC 5L o] 7|75 A FTast
9tk EC B%E& Kim et al. (2020)°] 9J5Hd 20034
Tt 20179 Atelo] 85% TASHATh Kang et al
(2020)9] At=of 95 20134904 20184¢ Ake] EC
FE7F 60% AASIATE 1Y 20] go] Holx& %
A9 Choi et al. (2024)° 951 BaPreg, BaP 5%
GA] fAhdsH= FAoltt. BaP skXe 2010~20119
A2 RE, BaPro= 2012~20139 AERE EU #%
B FF 71847|E SR Wk E3F PAHs
of ogt ARFF AR skl AL (the
incremental lifetime cancer risk, ILCR) gA] 0~1
A E4 gotg ALY BE A, ¥ IF0A
2006~2007 A% E ddrgoz obAgt Aoz LA
107¢ B} UtH(Choi et al. 2024). 3FATt 0~14] &
A ot 252 201891 Si=7} 10 ¢ K} &9krh
(Choi et al. 2024). PAHs®} up7iA|2 LX} 7]
29 49 CO Br+ 235|8 &7kt CO 5%
£ 200393} 20189 Ato] 20% S7HstH Lk OC &%
+ Kim et al. (2020)° 9J5t 20032 20179 A
olof 32% ZAsIAIL, Kang et al. (2020)9] A=
olst# 2013¢olA 20184 Ato] 5% Z7}stgich.

PAHs =9} EC %Xk Ato]9] AHBAE EHR? =
0.97). ol o] & EZo] Z-2 wi& oA HEHAS
7Fs/dol & AL Yulsty, & B4 F=7t 2ol IA
o1& A2 20009t 2FE A4 APE HiEd
] FFo] 4FH01SS ueHKim and Lee,
2018). olof disAE 3.283} 3.380)A ZAI3] =9
skt Z#u PAHs®F CO (R? = 0.15), PMas A
HLER? = 0.37), OC (R? = 0.52)942] APHAE =

it
5
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2] 949kth. o] CO: PAHs Hl&¢Y 919 T2 9 9d
o] 7] WEC & Ho|H(JRAAY FAF olF B),
PM;s A9l oA AEE H[Eo] ¥7] HEo=
Holth OC 5% FA7F EC 5% A AT BA
U 2358 Z718la, OCS PAHs Ad#A7} 24 &
L AL 0CY SOA HEs0] &1, SOA #A A7}
2] RO E Hlch o]o] tiAE 3.38A =9
skt

SHuEt d71edEE R TS v FAe=
Hol:= 39 PAHs®t EC AEE HESIAC
Hayakawa et al. (2020)°] st S= B85 AF
(Shenyang)®] PAH 97§ A&(Flt, Pyr, BaA, Chry,
Blb+kIF, BaP, BghiP, Ind) &&= 2001~2002‘EM]
A 2013~2014¥ Atolo]l F7lshe FAIE Holok &
Hto g Zo]EQltt. Cheng et al. (2021) ©of 9Jst#
2002~20139 Atolof] F=olA EC =& 17%, OC
FEE 32% AAasHyt. webs S+ o] 7|7k PAHs
9} EC &7 05+ AFZ EQlth

3.2 3 i7|F=H HEH
PAHSH EC, CO 26 QA/|29818 2ot
dno] oo 2 YYD o]E BAY 2 Fo|
7] AoiAlE BEAALE AUTHE Ho] Fasi ¥
AAALE Fol7] 91) 7HY AR PHE Az &

Hax0|

&0] W2 1A dx #eolth. Agol AE&d 2AA
& ¥ gFor a3t A2 19859 RH tEAlofA

Mgt YR 22 14ds AM-Z Ak, 2003
UREE AAA A"t ARE FASHATHKIm
and Lee, 2018). ©|o] ‘:q‘E]' 1990 th5-E 2000 H
ZH7HA] A9 CO 5&E 19914 2.2 ppmOlAl
20059 0.5 ppmC& FA ZOEUTHKim and
Lee, 2018).

ZAOJA9 8 AL AEAY] AL Tl A
= ARl disl 19919 %8 71€(Buro
Standard 1, §21)& =Y3¥ L 201549 G262 =
Aokt o] A AZolA= 20029 FH HATEA
(compressed natural gas, CNG) HA5 =451
200395 E =% ARAEAR] ARAAZA (diesel
DPF) A& A=std EC%

particulate filter,
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Figure 3. Temporal variation of PAHs (BaP, BkF,
BbF, Ind) emission in China, South Korea
and North Korea from 2002 to 2018
(Crippa et al., 2020).
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Figure 4. Temporal variation of PAHs emission in
China from 2013 to 2017
(Reconstructed from Wang et al.,
2021).
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£ 3% ZEut A5k $% 2003~2018A At
Hi&wFol 2513 12% S7Fstqle. 12w 20109014
20184 Atololi= 10% Z4st3ich. ¥ Wang et al.
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Figure 5. Changes in BC emissions between
2014-2021 in a) Korea and b) Seoul
(Clean Air Policy Support System).

A&9 PAHs 5= dFS A= AR shte=
B319] Jfoltt. Lee and Kim (2007)2 E 19
2002~20034 Atzo] $8EES A-83to], AZolA
H5S AL PAHs 529 80% ol 3=t 5 (F=
7} E3H9] nA A=A 4A) Al gt Zol
I FFSE. Kim et al. (20132 % 19
2002~20034 #A=o] +&2EY JAH 2Ae A8
so, ej7Hol BeS FASHE A9/t Lol 52
oA FeiE AA Q= Aol s FAAZ FIFol
F5°t9 PAHs %7} $7Fsk= A& Enh ®3t 11
9 3004 BXo] 2002~2018¢ Ato] Egte] PAHs i
EFL 73% 74Tt Bae et al. (2018)°] 95k
20164 71% 374 2EY 23 = Agd PMys
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£ Z0& Ho|u}, A4&°] PAHs Bk F0l& % 4

T e A2 AL sl 5
sk dizigE] AFe] adelt. Syt dAze
PAHs #iE&®o] 34 S84 2 & A,

| a3tz $Ede| PAHs Hi&o] &0
AUtk 53] 20059FH 2014W7HA]

China (kt)

Aeo] QATAAE U2 = Wt L el WF 19

1400 4 China

Soujh Korea (right)

1200 4 North Korea (right) t175=

1000 4 F15.0 8
800 -

600

»
S
S

South Korea a

NNNNNNNNNNNNNNNNN

Figure 6. Temporal variation of black carbon (BC)
emission in China, South Korea and
North Korea from 2002 to 2018 (Crippa
et al., 2020).
ABE 12 S q7|eE e 7| 2AZ ) EAE)S
SR AR dlito] HF BYH AsAt Assiart Al
P AT, 201597 EHE 22 2 d71848E 7]
2AEo] 2024U7HA] A Foltt. 12} 7] 2A o] Al
FE 2005~20149 5% & 3,081,42997HA9] o4t
o] FAYHUL, o] Zked AFs AsA EHF
608,507 9r(19.7%), =3¢ A&-sfste]
2,306,145 9H91(74.8%)°] HHF= AHCheong and
Kim, 2021). °] 7hzdl 232 Ags)ete] a3t o
A WiE7ks BHF7Io] A ASHER DTS
Zpell DPFE AA|sto] HiE |AIE At F Aol
ot IAAR ARgo] A EAOAE EC, 181
PAHs7} A2 HiEgHA oA F2 HedHe 2AS 1L
25, o JAo] a37t ECeF PAHs k= Aol 2
FFS 71E & AS Aolt. 1d 28 Hd 20054
HE 20139 Ate] EC® PAHs &7t H4stod, 12+
712A 8] F3AQ AAY Helrth
34 Han et al. (2023)°] 93hd 1999~2012¢
Afo] o] FR79| AFAS PMy HIET Fole 718
AY dgAG] el dqidAFo] oid Ble=d
o] B|&:3t FolE Kol flgleH, ol FE FYA
2] o] o3t Ao ' yeEyth & DPF 44 5
o3t AR PMy HIE A A= SARCSE §9
S YERA] &ttt Cheong and Kim (2021)2
2001~201449 Ato] @} HjSEH Ato]o] EAJT
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B2 AGALE A HE ARgato] B35}, &
0 5= NO; 5%
2 A0 Z(AIFHH
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Lol gt AtolojA, HRA, 59 %%%X}OM
Hi&EE H|50] &2 ECS PAHsol tisiAE o &3t
7} 29 7F540] 9t} EC9F PAHsE d4agolA
AR=Eg mAdelz2E 9 F7|9 dAo|olA
DPF 22 PMy AFsk A7ole & 2t oA
ok o] & ZEY AHfde ok A= a3t AYAS
Aolrt. olo] disiA= 71 A7t Eastit
Syt A ZAe EC WEH A7 E glov, BCet
vt g Q] BC WiEFF ARE 2014WRE 27t
712 FEH viEFH(CAPSS)oll Z3=o] et 17 59
Al B0l 2014~2018W7HA & F71stt7t 20199 %
B ZrASE Stk SHATE 429 EC Bk A |
3 = 9 A9 wiET Th J=rt Zar Folrt gk
A o= A0 HRY F=9 BC HiEF ARE 1
g 6ol Bt 4491 ST EC =9 #
4 30|(Cheng et al., 2021)7} E1¥ ¥ F=9]
BC Hi&®2 20029%H 2013W7HA] F7Fstctrt
2018QA7HA] Fadh= FolE HIoY 2002¢FH
2018W7HA & = 9 A29] wiETga npRviRE
gt FAaFolE  HolXE  YErh wEbA
2002~20039+5 20184 Ato]] A&l EC % A
7 &0l PAHs 5x8 "EPHAR F=3 2uet
9] W& So|2E HHo] A gk=th
gt 99 7| e 98 sEE O X HA A9 Bi&,
5ol 93t B4 2 A", AAGEE AH), oA
Y 9 f& HF=o] =t 24"k PAHsY EC
AR 7| L AEZHY AL, Ut FEE
ARl F=t1t B4 |U et A g
o] & TS vHIth. wEhA Ut 9] &
A EERE, S HiEFe] Ik £4]
ARGl B9 FEe fEYSETE £
T FopA|u A5 SolEdtHY, WEF &
SAETF O YQloZ HQl

1o

T

N

o
e o rlo
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3.3 toZo| Xzl uist
A&oA PAHsY EC, CO Zo] §71839] 2gA
Aol o5l BAEE AR LIELDY srE X
@ 2002-2003952E 2018 Ato] A EojEtt
ol IR ARG AT, IEE ALV ARG, da
Yol 9 7| LAEH wiEs87]E Pt 59 £
utet =9 di7|#e B89 45 AHE gdd
Art U QIA FF AL Aol olE EEY 5k
£ ° Eo17] YoiMe HoRE AEHH e 7]
TE7F 85ttt ol ) Yo F Agstoiof T A
A weke At
1LH&F A8 1&3k 323804 REo] PAHsU
EC (BC) &% wket t2A A7t &<t 571
sty 4S9, 1 FAEZE Br ZAZET Z9t
ot 539 JF= YA vhSAdo] AHyos w2
AR 7| L AELDL WiEF F0]9 T Fo|7} H%
stot. whEbA] SEjuEte} S BF WiES RS 1
LolE Hoh sk A5 E xﬂx}op— Ao] ay}Aol A
A g3t o]& tiFoA HEsty] Yl "ol
254 1x3k 34 34 FaAd7IEHES Bl
2018FHE= 3 2ol = ¥ F74o] o|FofA7] wiE
o 3.180Ax HXo] A9l 47} st HolojA &2
4 9 24 s B9 BiEe 5E vt of
ot dEA Ao RE & N 58 FET
¥ AwE Biote] FEEE wol= Ho] HIEAF
Aoz Helty X3 AR9 47} TgF
WFH9 o7 ISHT PAHs &
o A AR} 2 Fo|5 Kol St} THF &
B 7t 34 ARE O A4S FE5H] AsiAE
E4& 1Esfotojof Fitt. 12)7] YsiME &, &
A By 9 o] g oF ARV ARE 714
o= wo} AFGE FHsHe Fo] 583 Ao=E HQl

&

3HER ol5dY ] A3k 19 594 BXo
Sy}t BCx tiFE ol52dYolA wi&=rt. Han
et al. (2019)°] 2002~2003 K& 2013¢ A-20]A
#E3E PAHsO| ol =82ES AR8ote] Mgt 7o
7} ZAst olFLAYREAD 77 UK As
Hol AAY ECY PAHsE ol FYolA F2 Hi&



)
&

E,OH'TH

lo
SURY

W H%o] o]l5 99 7hRHAAE =
7|9&S FAshL AL, HER o5
EIW o7 F7FSHL Qi) vk R o]Fe
goﬂ 0_] xJE A—]H]— 01_1—7]9,]- %}Wﬂ A
ot FA7IAVE S83% ot ECe PAHsE
HH oz AHsH7] fshiA= ool gt Bt ™
g #E7F Zasit FRoIAE A3A Hr1EEAA
FUAE(2023~2032)04] HIER o]F2 AU o
FAQ HiEU FA7IA AE7A wiEs8TIES
gARor Aofstal, HA7A AgSieE AYsta
ATHMOE, 2023).
4.PAHs #+=84% A7 % #: ol A7(Choi
et al., 2024)°] w=™ A &ofA PAHso I3t A9
dge dohd =A ke Aow yenirh et
PAHs7} A&, A4, @27 3etEa) uh-e-sla] A=
A4 E9 O-PAHs, N-PAHs, halogenate PAHs
4 AoflE= PAHSETE &2 73-27F AtH(Vuong et
., 2020). 3 A& O-PAHs 5%+ PAHs Hth
T =2 7102 yehkShin et al., 2022) parent
PAHs®t 7 PAHs G448l st A+ 2 #e
7F 293 Zo® HITh

e e o
0bo i) uR o
_ o r*°

N

ol % o2 oR HU
N

lo

7189 A4 FHAA ESA
B5k= ECS} PAHsO] AL tj7|o)A 9]

stHARE 2t
AAE U LXK

B2k = Folg EAY, o) JFE ﬂlﬂ—
W& 4Y JFS AESIITE 12F PAH A&
T(Z1;,PAHs)E 2002~2003 A E 20183 Ato] 80%
A Z43¥ch EC &k xR0 ueh thEx|vt

2003¥HE 20179 AtololE 85%, 2013WH-
20184 Atojol&= 60% HASHAL.
19 Z2 sk A2 Sy, 5] 2d Y]

PAHs 8 H&9el 7-‘0%1}5%}011 etk wiEs 871
otet Agsiasatze] AEEHANL, LPG A
), =5 BRAREAR] YAAAZA(DPE) 2] 50
ot o|%t A F=9] diV1ed=d wiE w9 o

Ao QREAYE YA BT wsh @ B FF 21
02 7| QdEd v ARE AYHoE FHo F
SRRl SEuEre = T dFS HHl AoE
Helrh Iy f-EuEket 539 PAHs®H EC (BC)
W& ARE Ve 399 v A #5224
F317] FETh A4 #ESE PAHs 5% HhdE
E3h9] JFo] ol Fx Qe A= HolA|¢, oA
o 2= Ago|A 9] PAHs9 EC = AZS 2%+ 4
Pl EH, WEF AR A% Art Yast
=

%o& PAHsH EC 22 A7 |d719=E4 &
TE o #FEs] YeiME (1) wWEF AR =3t
(2) 24 153} (3) H|E& o]599d g 43} (4)
PAHs #=A4E He7t 59T Z o= o5yt

ZALel 2
o] ATE 20244 FeHAEHREARY Ao
2 SFATAG-F 2ol A oldA 2nqHA g 7]

=/ ARl Ade ob 3 (AW

2020M3G1A1114537)
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